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PREFACE 

INTERNATIONAL AVIONICS SYSTEM INTEROPERABILITY STANDARDS 

This International Avionics System Interoperability Standard establishes a standard 
interface to enable on-orbit crew operations and joint collaborative endeavors utilizing 
different spacecraft. 

Configuration control of this document is the responsibility of the International Space 
Station (ISS) Multilateral Coordination Board (MCB), which is comprised of the 
international partner members of the ISS. The National Aeronautics and Space 
Administration (NASA) will maintain the IASIS Standard “ International Avionics System 
Interoperability Standards” under Human Exploration and Operations Mission 
Directorate (HEOMD). Any revisions to this document will be approved by the ISS MCB. 
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1.0  INTRODUCTION  

This International Avionics System Standard is the result of a collaboration by the 
International Space Station (ISS) membership to establish, interoperable interfaces, 
terminology, techniques, and environments to facilitate collaborative endeavors of 
space exploration in cis-Lunar and deep space environments.  

Standards that are established and internationally recognized have been selected 
where possible to enable commercial solutions and a variety of providers.  Increasing 
commonality while decreasing unique configurations has the potential to reduce the 
traditional barriers in space exploration: overall mass and volume required to execute a 
mission.  Standardizing interfaces reduces the scope of the development effort and 
allows more focus on performance instead of form and fit.   

The information within this document represents a set of parameters enveloping a broad 

range of conditions, which if accommodated in the system architecture support greater 
efficiencies, promote cost savings, and increase the probability of mission 
success.  These standards are not intended to specify system details needed for 
implementation nor do they dictate design features behind the interface, specific 
requirements will be defined in unique documents.  

1.1  PURPOSE AND SCOPE 

The purpose of the International Avionics System Interoperability Standard is to provide 
basic common design parameters that allow developers to independently design 
compatible Avionics systems for the Deep Space Gateway and Transport (DSG&T). 

This document specifies data link protocols and physical layer options that may be used 
to architect the interfaces between both spacecraft subsystems and vehicles 
themselves. Together, these technologies provide the ability to seamlessly integrate the 
three functional areas (defined in Section 2.6) within and across multiple spacecraft 
segments. Architectural considerations unrelated to these network interfaces, as well as 
their application to the functional areas described above, are beyond the scope of this 
document. 

Because of Size, Weight, and Power (SWaP) challenges associated with an Exploration 
class Human Rated Vehicle, beyond those that already exist for Low Earth Orbit, a 
Distributed Integrated Modular Avionics (DIMA) Architecture was chosen as the working 
Avionics design for further development.  This architecture allows SWaP benefits 
through the ability to aggregate functionality with less hardware.  An example would be 
that because the architecture incorporates principles of time-space partitioning, critical 
and non-critical data can be collocated. This change in architecture selection translates 
into greater capability with a smaller footprint.   

1.2  RESPONSIBILITY AND CHANGE AUTHORITY 

Any proposed changes to this standard by the participating partners of this agreement 
shall be brought forward to the Avionics System Interoperability Standard committee for 
review. 
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Configuration control of this document is the responsibility of the International Space 
Station (ISS) Multilateral Coordination Board (MCB), which is comprised of the 
international partner members of the ISS. The National Aeronautics and Space 
Administration (NASA) will maintain the International Avionics System Interoperability 
Standard under HEOMD Configuration Management. Any revisions to this document 
will be approved by the ISS MCB. 

1.3  PRECEDENCE 

This paragraph describes the hierarchy of document authority and identifies the 
document(s) that take precedence in the event of a conflict between content.  
Applicable documents include requirements that must be met. If a value in an applicable 
document conflicts with a value here, then a conflict shall be resolved by the MCB or 
other applicable board identified or delegated. 

Reference documents are either published research representing a specific point in 
time, or a document meant to guide work that does not have the full authority of an 
Applicable document. If a value in this document conflicts with a value in a referenced 
document, then it should be assumed that the value here was deliberately changed 
based on new data or a special constraint for the missions discussed. 
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2.0  DOCUMENTS 

2.1  APPLICABLE DOCUMENTS 

The following documents include specifications, models, standards, guidelines, 
handbooks, and other special publications. Applicable documents are levied by 
programs with authority to control system design or operations.  The documents listed in 
this paragraph are applicable to the extent specified herein. Inclusion of applicable 
documents herein does not in any way supersede the order of precedence identified in 
Section 1.3 of this document.   

IEEE 802.3ab 

 
SAE AS6802 

1000BASE-T Gbit/s Ethernet over twisted pair at 1 
Gbit/s 

Time-triggered Ethernet 

ARINC 664-p7 Avionics Full-Duplex Switched Ethernet 

 

2.2  REFERENCE DOCUMENTS 

The following documents contain supplemental information to guide the user in the 
application of this document.  These reference documents may or may not be 
specifically cited within the text of this document.   

NASA/TM-2008-215108 A Primer on Architectural Level Fault Tolerance 
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2.3  INTERNATIONAL AVIONICS SYSTEM INTEROPERABILITY STANDARDS 

2.4  GENERAL 

The goal of establishing standards and agreeing on other assumptions is to maximize 
the success of future human spaceflight missions conducted as international 
partnerships.  The ability of components, systems, or vehicles delivered from multiple 
sources to work together as an effective system is important to the success of actual 
missions.  Good collaboration can make technology development and system 
maturation more efficient, by sharing the lessons learned and failures that drive 
requirements.  Using standard assumptions can also make development more efficient 
by making tests conducted by one partner relevant and valid to multiple partners. 

This document is focused on issues that drive system performance so much that they 
could rule out some technologies, and on issues that most directly affect interoperability 

between partner systems.  Thought was given to coming up with a Network that was 
flexible and accommodating enough to include other entities and commercial providers 
as part of the DSG development effort, although care will need to be taken in designing 
and balancing bandwidth in support of time triggered, rate constrained, and best effort 
traffic on the network.  Currently, this document is focused on how a Deep Space 
Gateway Inter-Element Network allows communications between potential Element 
providers to assist in an Integrated Avionics architecture that allows for the incorporation 
of desirable attributes associated with a more open architecture.   

2.4.1  LEVERAGED STANDARDS 

Currently, this standard document cites only existing data link standards (protocols), 
from which an interoperable spacecraft onboard communications system should be 
developed.  The current approach is reflective of an agreed upon Avionics architecture 
currently employed by large commercial airline manufacturers and their suppliers.  This 
approach allows for a homogenous network – where mating vehicles use the same 
protocol(s) for communication.   A heterogeneous network – where mating vehicles use 
different protocols bridged via a protocol translator or other specialized device is a 
technical possibility that can’t be precluded, but comes with penalties and associated 
tradeoffs that would need to be addressed.  This is already expected to occur for Orion 
due to some differences in supporting data protocols and network selection 
(1000BaseCx vs. 1000BaseT).  1000BaseT is currently planned for the docking 
interface as well as the backbone network for DSG.  Because Visiting Vehicles will need 
to interface with multiple DSG Elements as part of the build process, the expectation is 
that these vehicles will address the media and data converter aspects, when needed, so 
that the DSG elements can interact using CCSDS protocols and 1000BaseT and 
avoid/minimize point solutions for interactions between Visiting Vehicles and the various 
elements when they are mated.  Deviation from the current approach should ideally be 
avoided because of the impacts to the overall architecture construct such as byzantine 
faults approach and realizing an overall fault tolerant construct that are part of a 
successful DIMA approach. The current International Docking System Standard (IDSS) 
accommodates the incorporation of Ethernet (IEEE 802.3), which is the backbone for 
critical and non-critical data transfer between docked Elements.  The assumption is that 
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all mated or docked vehicles and robotic interfaces will use this standard when 
designing their network interface to the Elements. 

Standardization for external attachment points in support of science have not been 
currently addressed and may be an item that is determined at the Element level, but an 
Ethernet connection provides a viable option.   

For additional revisions of this standard, it is expected that the list of data link standards 
cited in this document will be augmented by citing standards defining supplementary 
higher level communication services, which may not be defined for all individual data 
link protocols.  Examples of such services may be those defined by CCSDS in the 
Spacecraft Onboard Interface Services (SOIS) area.  This area is comprised of three 
groups: 1) the Wireless working group, 2) the Subnetwork working group, and 3) the 
Application Support working group. 

The purpose of these services is to provide potential missing functionality and thus 
complete the layers in the communication stack needed to support the implementation 
of a common avionics framework.  These layers provide different levels of abstraction 
from the data link to the application software in order to enable the integration of both 
hardware and software components related to the onboard communication system. 

Together, the existing data link and future communication service standards will provide 
a layered communication framework upon which interoperable avionics systems may be 
developed. The lowest layers are currently described by the physical and data link 
standards referenced by this document.  As additional architectural details emerge, 
higher level communication services will also be specified.  For these reasons, this 
should be considered a living document until such time that the design matures.  As the 
effort progresses, information captured and agreed upon in Section 5.0 Future Topics 
for Possible Standardization for further inclusion/development will be moved into 
Section 3.  

2.4.2  ENGINEERING UNITS OF MEASURE 

Engineering units, where applicable, will be in SI units (metric). 

2.5  INTERFACES 

There are numerous drivers that will ultimately decide the final human exploration class 
spacecraft architecture along with the actual networks and data link protocols that 
support this architecture. The focus of this standard is to allow communication between 
the various elements.  Two aspects will be largely considered as a consequence; 
hardlined communications between Elements via the International Docking System and 
hardlined  communications to the Elements via Robotic grapple fixtures.  If the Robotic 
arm is to move between DSG Elements, Robotic Grapple fixtures will want to be 
common between the elements, utilizing common data protocols among those fixtures.  

There are other datalink protocols and conversions that are expected to take place 
within a given Element.  Although trade studies will eventually be deployed to identify 
and execute trade-offs among requirements, design, schedule, and cost, there exist 
common functions for human rated spacecraft that any network architecture will 
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eventually need to accommodate.  These tradeoffs will need to be assessed as part of 
the development effort in association with the following primary functional areas; vehicle 
command and control, crew interfaces and science, and specialty interfaces.  This 
Standard makes no attempt to currently address what those intra-element datalink 
selection and tradeoffs are and is beyond the current scope for interoperability between 
the various elements addressed by this standard.       

2.5.1  INTERFACE STANDARDS 

The intent of the current draft is to address the device-to-device data link protocols (box-
to-box) that may be utilized through both the International Docking System as well as 
the Robotic attachment points.  Data links within devices (historically bussed 
backplanes but now evolving into serial backplanes) will not be addressed here and 
may be addressed for future considerations. 

2.6  PERFORMANCE AND FUNCTIONAL AREAS 

Historically, human rated spacecraft have had to address the functional areas of vehicle 
command and control, crew interfaces and science, and specialty interfaces.  The 
following sections will discuss consideration of those areas.  Although it is not the intent 
of this document to address all the decisions and tradeoffs associated with the actual 
implementation within the Elements that will comprise DSG, the intent is to show 
considerations within Elements that will need to be addressed and that the current DSG 
Inter-Element Network provides a foundation in which they can be addressed.   An 
example of how the various functional areas will need to interact and consider different 
vehicle needs is provided below in Figure 1.  
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FIGURE 1 

2.6.1  VEHICLE COMMAND AND CONTROL 

The network needs for vehicle command and control have historically been low 
bandwidth (at least by today’s standards) and periodic.  The networks typically support 
a failure tolerant C&DH system that addresses critical functions.  Fault tolerant systems 
are usually designed to handle more than just fail-stop faults, so inevitably some form of 
voting must be employed.  Networks in support of vehicle command and control 
functions need to support various voting schemes such as exact match, fault-tolerant 
averaging, and mechanical.   

Options currently exist where rather than having a dedicated vehicle command and 
control network, mixed types of data and criticality can occur over the same network.  
An example currently employed by some Aircraft manufacturers and Orion would be the 
utilization of strong space-time partitioning to accommodate these mixed criticality and 
data types. 

2.6.2  CREW INTERFACES AND SCIENCE 

Exploration networks will be expected to support crew interfaces and science as well.  

This can often be accommodated via classical Ethernet LANs utilizing best effort 
protocols such as IEEE 802.3 that can run isolated or overlapping with a Time-
triggered/Rate Constrained type of network.  Typically, COTS hardware in terrestrial 
applications, may be replaced with newer, faster elements so long as they conform to 
the network protocol.  This approach would allow a vehicle, assembled over years to 
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take advantage of advances in systems without disrupting the performance of hardware 
delivered earlier. 

Examples of devices that would be supported would be onboard displays, cameras, 
audio, portable devices, wireless devices such as those utilizing IEEE 802.11 based 
protocols, and servers. 

2.6.3  SPECIALTY INTERFACES 

Exploration networks often have a need for off-board communications that require a 
high speed serial link.  This is often accommodated with a Point-to-Point (P2P) network. 

Examples of equipment that would be supported would be RF equipment such as 
amplifiers and switches, transponders that support protocols such as S-band, Ka-band, 
X-band and Proximity (UHF).
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3.0  TIME-TRIGGERED ETHERNET SYSTEM CHARACTERISTICS 

3.1.1  TIME-TRIGGERED ETHERNET GENERAL REQUIREMENTS 

3.1.1.1  REDUNDANT NETWORK PLANES 

The DSG Inter-Element Network shall support 3 redundant Network Planes of 
1000BaseT per each of the two International Docking System (IDS) docking umbilical 
connectors. 

Rationale:  The current DSG Distributed Integrated Modular Avionics (DIMA) 

architecture is dependent upon 3 redundant planes as part of an overall integrated 
Avionics architecture that meets expected reliability, safety, fault tolerance, and fault 
containment.   

3.1.1.2  802.3-2008 1000BASE-T STANDARD 

One DIMA network plane connection shall be comprised of 8 wires following to the 
802.3-2008 1000BaseT standard. 

Rationale:  Currently one Ethernet Network plane connection utilizing 1000BaseT 
utilizes 8 20AWG connectors at the docking umbilical interface. Planned FRAM 
alternative based connectors for NDS Block 2 are planned to contain enough 
connections to accommodate the 3 network planes. 

3.1.1.3  SAE AS 6802 TIME TRIGGERED PROTOCOL 

Each of the 3 DSG Inter-Element Network planes shall support the Time-Triggered 
Ethernet Protocol SAE AS 6802 or an agreed upon tailored implementation of said 
standard. 

Rationale: Orion and ESA’s Ariane 6 launcher both incorporate TTE, which helps better 

meet size, weight, and power challenges.  Three planes of Ethernet will facilitate safety, 

redundancy, and reliability concerns as it allows connectivity for communication with 
Orion’s 3 ODN planes for critical communication as well as communication between the 

DSG Elements.   TTE, in conjunction with a time/space partitioned software standard 
such as ARINC 653, allows for partitioned access to shared resources for both critical 
and non-critical applications within the same processor (e.g., frame memory), greatly 
reducing what would otherwise be separate hardware with its subsequent size, weight, 
and power penalties.   The networks, likewise, can transfer critical and non-critical data 
over the same network, likewise reducing size, weight, and power.  Also, Ethernet in 
general, allows for utilization of more COTS applications/hardware due to its relative 
ubiquity in industry. 

3.1.2  NETWORK DATA FORMATS 

3.1.2.1  TIME TRIGGERED ETHERNET DEVICES 

A Time-Triggered Ethernet device shall provide the following classes, at a minimum: 

a) Protocol control frames 
b) Time-triggered traffic 



IASIS Draft Release Copy 

February 2018 

Verify this is the current version before use 3-2 

c) Rate-constrained traffic 
d) Best-effort traffic 

Rationale: General Concept is that Time Critical Data is Time Triggered.  Rate 

Constrained Traffic can be used for intercommunications and off vehicle data.  Best 
Effort/COTS Traffic is used by COTS End Systems and Network Maintenance functions 
and is reserved for non-critical data.  Protocol control frames are used to synchronize 
the network in accordance with SAE AS 6802. 

3.1.3  MAJOR COMPONENTS 

3.1.3.1  MAJOR NETWORK COMPONENTS 

The DSG Inter-Element Network shall address/utilize the following major network 
components: 

Hardware 

 Network Switches 

 Network Interface Cards 

 Cables & Connectors 
 
Software 

 Network scheduler 

 Device loader 

 Network Configuration Tables 

 Network Design Database 
 

Rationale: Standard Network related equipment and software will be required to support 
the network. 

3.1.4  DATA TRANSFER 

3.1.4.1  END SYSTEM TRANSFER 

The DSG Inter-Element Network shall transfer data between end systems using three 
traffic classes (Time-Triggered, Rate Constrained, or Best Effort) per the TBD 
configuration table definitions. 

Rationale: This requirement establishes the need to prioritize Time-Triggered, Rate 
Constrained, and BE network traffic. It forms the basis of the Network Partitioning Rule 
that: Lower priority traffic class faults and overloading conditions do not propagate to 
higher priority traffic classes. 
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3.1.5  LRU PROCESSING SYNCHRONIZATION 

3.1.5.1  LRU TO NETWORK SYNCHRONIZATION 

The DSG Inter-Element Network shall provide a means of an LRU to synchronize 
internal processing to the network.  

Rationale: In order for the end systems to move traffic in their assigned windows, their 

NIC must be synchronized to the overall network schedule and operation. This 
requirement ensures that the network performs this network-wide synchronization.  

3.1.6  NETWORK TIME COORDINATION 

3.1.6.1  TIME SYNCHRONIZATION 

The DSG shall synchronize network time on all end systems to allow time coordination 
between LRUs. 

Rationale: The DSG hardware maintains sync after network time has been initialized, 
but the initialization is a FSW function.  

3.1.7  NETWORK TOPOLOGY 

3.1.7.1  DSG TOPOLOGY 

The DSG topology shall be per TBD drawing part number.  

Rationale: The DSG topology will not be static for the life of the program.  Rather new 
modules, systems, visiting vehicles and payloads will be added to and removed from 

DSG throughout its operational life.  Therefore the topology will need to be configuration 
managed throughout its life cycle.  

3.1.8  NETWORK INITIALIZATION 

3.1.8.1  DSG INTER-ELEMENT NETWORK POWER UP AND SYNCHRONIZATION 

The DSG Inter-Element Network shall power up and gain synchronization within TBD 
milliseconds.  

Rationale: This requirement assumes all DSG components are powered on without 
failure.  

3.1.9  SYNCHRONIZATION 

3.1.9.1  SAE AS 6802 SYNCHRONIZATION COMPLIANCE 

The DSG Inter-Element Network shall perform network synchronization in compliance 
with SAE AS 6802 sections:  

4 SYNCHRONIZATION PROTOCOL CONTROL FLOW  

Appendix C TIME-TRIGGERED ETHERNET REALIZATION ON IEEE 802.3 
(GENERIC ETHERNET)  

Appendix D TIME-TRIGGERED ETHERNET REALIZATION ON ARINC 664-P7  
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Rationale:  TBD 

3.1.9.2  INDICATION OF SYNCHRONIZATION STATUS 

The DSG Inter-Element Network synchronization function shall transmit synchronization 
state for indication of synchronization status.  

Rationale: Synchronization must be established within the tolerance of the system to 

address temporary loss of an End-System or Switch. The protocol control frame (PCF) 
Message transmits the current sync state over the DSG Inter-Element Network.  

3.1.9.3  COMPRESSION MASTER 

The DSG Inter-Element Network shall be configured with at least one compression 
master (CM) for each Network Plane.  

Rationale:  TBS 

3.1.9.4  SYNC MASTERS 

The DSG Inter-Element Network shall be configured with at least TBD sync masters 
(SM).  

Rationale: Configuration based on the number of NICs.  

3.1.10  LOW POWER OPERATION 

3.1.10.1  SINGLE PLANE OPERATION 

The DSG Inter-Element Network shall remain operational in a single plane 
configuration.  

Rationale: In order for fault tolerant systems to function they need to operate in a 
standalone mode without dependencies on the other redundant systems.  

3.1.11  NETWORK FAULT RESPONSE 

3.1.11.1  RESTART UPON FAULTS 

The DSG Inter-Element Network shall reset and restart upon major faults such as 
switch hard and transient faults, sync master hard and transient faults, link faults and 
detected cliques.  

Rationale:  TBS 

3.1.12  PCF FRAMES 

TBD 

3.1.13  CLOSED LOOP TESTING 

TBD 

3.1.14  DATA TIME TAGGING PRECISION 

TBD 
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3.1.15  COTS END SYSTEM INTERFERENCE 

3.1.15.1  HIGHER PRIORITY COMMUNICATIONS 

The DSG Inter-Element Network shall prevent lower priority end systems from 
disrupting higher priority communication. 

Rationale: The DSG Inter-Element Network prevents Best Effort data sources from 

interfering with the Protocol Control Frames, Time Triggered messages and Rate 
Constrained messages. DSG Inter-Element Network configuration tools need to be able 
to configure discoverable pre-determined and prohibited COTS data paths. 

3.1.16  NETWORK TABLE LOADING 

TBD 

3.1.17  NETWORK HEALTH STATUS 

3.1.17.1  STATUS MESSAGES 

The Network Health Status messages shall be transmitted periodically. 

Rationale: TBS  

3.1.17.2  STATUS MESSAGES  

The Network Health Status messages shall be available for downlink as needed. 

Rationale: TBS  

3.1.18  NETWORK DESIGN DATA 

TBD 

3.1.19  END SYSTEM IDENTIFICATION 

3.1.19.1  UNIQUE IDENTIFIERS 

The DSG Inter-Element Network End Systems (Network Switch, NIC hosting LRUs) 
shall be uniquely identified in the configuration tables. 

Rationale: Configuration tables are used to define the Source MAC Address.  

3.1.20  TEST PORT ACCESSIBILITY 

3.1.20.1  LAB OPERATIONS 

The DSG Inter-Element Network shall provide test ports on each network plane to 
support lab operations.  

Rationale: This requirement specifically calls for the wiring system to provide access to 
the test ports. A test port is used to capture data that flows on the DSG Inter-Element 
Network for fault isolation.  
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3.1.21  NETWORK SWITCH 

The Network Switch is the component that forwards data between End Systems.  

3.1.21.1  PHYSICAL PORTS 

The Network Switch shall have a minimum of TBD (8-16 likely) physical ports. 

Rationale: TBS 

3.1.21.2  CONTROL REGISTERS 

The Network Switch control registers shall be accessible over the DSG Inter-Element 
Network.  

Rationale: TBS 

3.1.21.3  STATUS REGISTERS 

The Network Switch status registers shall be accessible over the DSG Inter-Element 
Network.  

Rationale: TBS 

3.1.21.4  MEMORY 

The Network Switch shall have a minimum of TBD of memory to buffer network traffic.  

Rationale: TBS 

3.1.21.5  NETWORK TRAFFIC PRIORITY 

The Network Switch shall process network traffic in priority order.  That priority would 
be:    

1.  Protocol Control  

2. Time-Triggered (TT)  

3. Rate Constrained (RC) 

4. Best Effort (BE)  

Rationale: This requirement establishes prioritization order PCF, TT, RC and BE 
network traffic. It forms the basis of the Network Partitioning Rule: Lower priority traffic 
class faults and potential overloading conditions do not propagate to higher priority 
traffic classes.  

3.1.21.6  NETWORK PLANE INDEPENDENCE 

Each Network Switch shall be connected to a single (one) network plane.  

Rationale: The DSG Inter-Element Network is configured in a topology to support up to 
three switch planes and prevent propagation of faults between the planes.  
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3.1.21.7  HIGH INTEGRITY PROCESSING AND FAULT CONTAINMENT 

The Network Switch shall be in a COM/MON configuration to allow for high integrity 
processing and fault containment.  

Rationale: The Network Switches are the core of a DSG Inter-Element Network plane, 
providing the DSG Inter-Element Network Schedule enforcement that protects the 
overall system from end system failure.   An overview is included in Appendix B of SAE 
AS 6802. 

3.1.21.8  CLOCK OUT OF TOLERANCE RESPONSE 

In response to Network Switch Clock being out of tolerance, the Network Switch Clock 
Monitor shall reset and hold the Switch in reset until the power is cycled or the clock 
comes back into tolerance.  

Rationale: If the clock is out of specification, predictable device operation is not assured. 
The devices need to be held in reset until power is cycled.  

3.1.21.9  POWER MONITOR TRIP LIMITS 

The Network Switch Power Monitor trip limits shall be set to keep the power supplied to 
the parts and the power monitor within specification values.  

Rationale: TBS 

3.1.21.10  TRANSITION TO FAIL PASSIVE STATE 

The Network Switch shall transition to a fail passive state upon detection of a shared 
internal power failure.  

Rationale: This is accomplished by a guaranteed reset that when asserted results in 
outputs transitioning to a passive state.  

3.1.21.11  COM/MON FUNCTIONS 

The Network Switch shall provide two independent, separated functions (i.e. COM-
MON) where each function performs the processing of all network message traffic.  

Rationale: The motivation to keep the switches high integrity is due to the fault 
propagation impact on multiple subsystems/partitions/functions in an integrated 
environment. Complete failure of the Switch does not propagate beyond the subsystem 
boundary. Intermittent Switch faults are prevented by power and clock monitors and 
COM/MON. These two functions will not be co-located in the same silicone.  An 
overview of COM/MON fault containment is included in Appendix B of SAE AS 6802.   
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3.1.21.12  NETWORK SWITCH MON 

The Network Switch MON lane shall monitor COM TX packet transmissions and force 
packet syntax errors prior to the completion of the transmission for each packet that 
does not match the MON lane expected transmit packet.  

Rationale: The length field detects packets shortened by COM hardware faults within 
the message that may otherwise escape CRC detection.  

3.1.21.13  DISABLED TRANSMIT-PACKETS 

The Network Switch shall count the occurrences of disabled transmit-packets on a per 
port basis and make results accessible to the Network Management Function.  

Rationale: Need to track the number of disabled packets to assess the status of the 
hardware. Fault Counters only count the number of failed packets. This count does 
not include packets that were scheduled but not sent by the host. If this is necessary it 
is up to the application layer to provide this capability.  

3.1.21.14  DUAL CRC MONITORS 

The Network Switch shall have independent, dual CRC monitors that detect invalid 
received packet CRCs per CRC:  

G(x) = x32+x26+x23+ x22+ x16+ x12+ x11+ x10+ x8+ x7+ x5+ x4+ x2+ x+1 

Rationale: This is the IEEE-802.3 CRC32. Both COM and MON have packet CRC 
monitors.  

3.1.21.15  DISCARDING INVALID PACKETS 

The Network Switch shall provide independent means for both COM and MON to detect 
when a received packet’s CRC is invalid..  

Rationale: A failed CRC check indicates the data has been corrupted in the signal path 
and should not be used.  

3.1.21.16  PACKET LENGTH MONITORING 

The Network Switch shall provide independent means for both COM and MON to detect 
when a received packet’s length is shorter than that specified in the packet header. 

Rationale: TBD  

3.1.21.17  COM AND MON CONGRUENCY 

The Network Switch shall provide an independent means to ensure congruency 
between COM and MON.  It ensures received packets are either accepted by both COM 
and MON, or otherwise discarded. 

Rationale: It is necessary to keep the operations of COM and MON from diverging due 
to weak reception that is perceived differently between COM and MON.  
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3.1.21.18  VIRTUAL LINK MONITORING 

The Network Switch shall provide an independent means for both COM and MON to 
monitor network packet VLs against a predefined schedule contained in the 
configuration tables. 

Rationale: The schedule contains information as to Virtual Link allocation and 
associated time base. This allows determination of message timing as well as 
validity. (TT Only) 

3.1.21.19  PROTECTING TIME TRIGGERED PRECEDENCE 

The Network Switch shall discard received packets that would interfere with Time 
Triggered data allocations.  

Rationale: This monitor detects ensures that this class of traffic data has priority. (TT 
Only) 

3.1.21.20  BANDWIDTH ALLOCATION GAP MONITORING 

The network switch shall provide a mechanism for COM to independently monitor the 
network packet bandwidth allocation gap (BAG) to protect Rate Constrained allocations. 

Rationale: This allows determination of message validity. (RC Only) 

3.1.21.21  HANDLING PRIORITY DISAGREEMENT 

The Network Switch shall discard received packets that disagree with the predefined 
schedule in the configuration tables.  

Rationale: Limits one network element from consuming network bandwidth beyond its 
predetermined allocation (RC Only).  

3.1.21.22  CONFIGURATION TABLE LOADING 

The Network Switch shall be capable of loading a configuration table from the network, 
whether an existing configuration table is loaded or is valid.  

Rationale: The Network Switch needs to be capable of loading a configuration table 
from the network. 

3.1.21.23  BUILT-IN-TEST 

The Network Switch shall contain Built-In-Test that can be initiated on power-up and 
provide the ability to externally execute the test.  

Rationale: CRC checks of the loaded table contents during BIT are performed.  

3.1.21.24  OPERATION MODE TABLE LOADING 

The Network shall allow loading a configuration table while the switch is in operation 
mode.  

Rationale: The Network will support two configuration tables in Non-Volatile Memory.  
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3.1.21.25  CONFIGURATION CRC CHECKS 

The Network Switch shall perform an IEEE CRC-32 over the configuration tables prior 
to use after a cold-start or reset.  

Rationale: The network schedule and other configuration information in the 
configuration table needs to be verified prior to use.  

3.1.21.26  COMPRESSION MASTER 

The Network Switch shall be capable of functioning as a Compression Master as 
defined in SAE AS 6802. 

Rationale: TBD 

3.1.21.27  NETWORK SYNCHRONIZATION 

The Network Switch synchronization function shall establish network synchronization 
such that no 2 healthy network time sources differ by more than TBD microseconds.  

Rationale: Synchronization requires enough network resources be available in all 
mission modes. It is assumed that a high integrity component synchronization 
messages are valid when received but may not be seen by all other End-Systems or 
Switches.  

3.1.21.28  SYNCHRONIZATION WITH NETWORK FAULTS 

The Network Switch synchronization algorithm shall establish network synchronization 
in the presence as many as of TBD faulty NICs or TBD faulty NIC and TBD faulty 
Network Switch within a network plane when more than one network plane is operating.  

Rationale: Synchronization requires enough network resources be available in all 

mission modes. It is assumed that a high integrity component synchronization 

messages are valid when received but may not be seen by all other End-Systems or 
Switches.  

3.1.21.29  SYNCHRONIZATION INTEGRATION PERIOD 

The Network Switch synchronization algorithm shall maintain the established network 
synchronization for up to one integration period without receiving synchronization 
messages.  

Rationale: Synchronization protocol messages can be dropped due to SEU or other 
transients and will not result in the loss of synchronization. The fault tolerance of the 
network is implied by the topology and the setup of the timing and compression 
masters.  
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3.1.21.30  SYNCHRONIZATION DURING POWER APPLICATION 

The Network Switch synchronization function shall establish synchronization within TBD 
milliseconds of power application and release from reset when the required timing 
masters are available  

Rationale: Synchronization must be established within the tolerance of the system to 
address temporary loss of an End-System or Switch due to transient upsets. 

3.1.22  NETWORK INTERFACE CARDS (NIC) 

The NIC is a single thread network interface for internal and third party use. The NIC 
receives Ethernet frames through the network ports, checks them and may put them 
into Host Interface memory per the configuration tables. The NIC takes Ethernet frames 
from the egress ports, formats them and transmits them on the DSG Inter-Element 
Network. 

3.1.22.1  POWER INTERFACE 

The NIC shall receive power via the host interface connection.  

Rationale:  TBS 

3.1.22.2  NETWORK TIME CAPTURE INTERFACE 

The NIC shall receive a discrete input time pulse from a source external to the hosting 
LRU or from the hosting LRU to trigger a network time capture.  

Rationale:  TBS 

3.1.22.3  NETWORK TIME CAPTURE 

The NIC shall capture the network time upon receipt of a discrete input time pulse.  

Rationale:  TBS 

3.1.22.4  NETWORK TIME CAPTURE LATENCY 

The NIC shall capture the network time in an internal register within TBD microsecond 
of either the internal discrete input time pulse or external discrete input time pulse being 
received.  

Rationale:  TBS 

3.1.22.5  CONFIGURATION TABLE INTEGRITY CHECKS 

The NIC shall perform a CRC over the configuration tables prior to use after a cold-start 
or reset.  

Rationale: The network schedule and other configuration information in the 
configuration table needs to be verified prior to use.  
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3.1.22.6  CONFIGURATION TABLE INTEGRITY CHECKS FAULT RESPONSE 

The NIC shall inhibit all network traffic except for maintenance communication using 
dedicated maintenance messages when the configuration table CRC is invalid. 

Rationale: This requirement supports the fail-silent redundancy architecture. 
Maintenance communication can be used to load the switch schedule.  

3.1.22.7  HIGH INTEGRITY NETWORK INTERFACE SYNCHRONIZATION 

A device with a high-integrity network interface shall be configurable as a 
synchronization master or a synchronization client. 

Rationale:  The terms high-integrity, standard integrity, synchronization master and 
synchronization client are as defined in SAE6802. 

3.1.22.8  STANDARD INTEGRITY NETWORK INTERFACE SYNCHRONIZATION 

A device with a standard-integrity network interface shall, at a minimum, be able to 
function as a synchronization client. 

Rationale:  The AS6802 standard allows for standard integrity synchronization masters. 

3.1.22.9  DATA TRANSFER BUFFER MEMORY 

The NIC shall have a minimum of TBD MBits of memory for buffering DSG Inter-
Element Network traffic.  

Rationale:  TBS 

3.1.22.10  TRAFFIC CLASSES 

The NIC shall prioritize network traffic processing such that PCF first, Time-Triggered is 
processed next followed by Rate Constrained and then BE traffic within the available 
network bandwidth.  

Rationale: This requirement establishes the need to prioritize Time-Trigger, Rate 
Constrained and BE network traffic. It forms the basis of the Network Partitioning Rule 
that: Lower priority traffic class faults and overloading conditions do not propagate to 
higher priority traffic classes.  

3.1.22.11  DMA CHANNELS 

The NIC shall support TBD DMA channels to allow data transfer from the NIC memory.  

Rationale:  TBS 

3.1.22.12  HOST SIDE BUS VOLTAGE 

The NIC shall be compatible with TBD PCI volt power.  

Rationale: The NIC is used with a variety of different devices (Display Units, Audio 
Systems, & Video Systems). These require standards based interface.  
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3.1.22.13  HOST SIDE BUS TRANSFER RATE 

The NIC shall be compatible with PCI TBD MHz transfer rate.  

Rationale: The Standard Integrity NIC is used with a variety of different devices (Display 
Units, Audio Systems, & Video Systems). These require standards based interface.  

3.1.22.14  HOST SIDE BUS INTERFACE 

The NIC shall be compatible with PCI TBD bit interface definition. 

Rationale: The NIC is used with a variety of different devices (Display Units, Audio 
Systems, & Video Systems). These require standards based interface.  

3.1.23  CABLES AND CONNECTORS 

The DSG Inter-Element Network Physical Layer is based on Ethernet 1000BASE-T 
standard, which includes:  

 Copper media  

 Dedicated TX and RX wire pairs per link with full duplex signaling on each pair. 

 Connectors (Electrical Characteristics for LRU Connectors) Zero Force, 
Bulkhead, LRU)  

3.1.23.1  NETWORK HARNESS 

The DSG Inter-Element Network harness shall be routed in a manner to minimize 
Single Faults that will result in failure of multiple Avionics devices or multiple Network 
Planes.  

Rationale: Each DSG Inter-Element Network Plane is considered redundant function. In 

order to preserve this redundancy, DSG Inter-Element Network Planes 1 and 2 should 
be separated to maintain that redundancy wherever possible. DSG Inter-Element 

Network Plane 3 can be split by power zones and routed with Planes 1 and 2 when 
needed.  

3.1.23.2  WIRING INTERNCONNECTS 

The DSG Inter-Element Network wiring interconnections shall be per Interconnect 
Drawing Part Number TBD.  

Rationale: TBS 

3.1.23.3  BIT ERROR RATE (BER) 

The DSG Inter-Element Network shall provide network communications with a Bit Error 
Rate (BER) per physical layer connected selected for each port.  

Rationale: The BER needs to be at a reasonable level to prevent frequent loss of data 
disrupting system operation.  
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3.1.23.4  WIRE GAUGE 

The TTE cable shall use at least 24AWG wire to ensure maximum cable length.  

Rationale:  TBS 

3.1.23.5  JUMPER CABLE SEGMENTS 

When designing Jumper Cable segments, 1.5dB margin shall be allocated for 
manufacturing and environmental issues.  

Rationale: 1.5 dB is practical to allow for environmental and manufacturing anomalies.  

3.1.23.6  TRANSFORMER COUPLING 

The NIC and Network Switch shall provide isolation/surge protection transformers 
between the Network Interface connectors and the NIC PBA circuitry to protect against 
signal levels referred in this section.  

Rationale: TBS 

3.1.23.7  LIGHTNING 

The NIC and Network Switch will meet all operational performance requirements in the 
event of a lightning event within TBD levels.  

Rationale: TBS 

3.1.24  CONFIGURATION TABLES 

The Network Scheduler impacts the DSG Inter-Element Network and all equipment that 
interfaces to that network. The Network Scheduler does the following:  

 Aligns processing & dataflow across the network to meet  

o Producer/Consumer Requirements  

o Latency & Jitter  

 Lays out network communications while not exceeding physical constraints (link 
size, end system memory size, tenure times, etc.)  

 Provides an export of network traffic information for network end system builder  

 Provides processing timeline start times/(offset to marker) and other IO 
information for the Processors 

 Provides major, minor and sub minor frame schedule information for Processors 
with linkage to processing timeline  

 Provides an export to a Vehicle ICD  

 Produces reports/data coordinated processing timelines, dataflow and other 
information for other tooling for design & verification use.  
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3.1.24.1  NETWORK SCHEDULER PARAMETERS 

The Network Scheduler will implement the SAE AS6802 Section 11 parameters.  

Rationale: TBS 

3.1.24.2  CRITICAL TRAFFIC NETWORK COMMUNICATIONS SCHEDULE 

The Network Scheduler should schedule Critical Traffic (CT) network communications 
such that the communication links, End System Memories, and Switch Memories do not 
exceed TBD % of overall utilization rates.  

Rationale: CT traffic comprises both the TT and RC traffic. This allows the adequate 
bandwidth be reserved for Best Effort Traffic.  

3.1.24.3  IDENTICAL CRITICAL TRAFFIC SCHEDULES 

The Network Critical Traffic schedules for redundant Network Planes shall be identical 
to maintain symmetry. 

Rationale: TBS  

3.1.24.4  CONFIGURATION FILE VERIFICATION 

Every Switch shall verify that a configuration file is intended for its use by a TBD 
identification code associated with each switch. 

Rationale: This prevents the loading of the wrong configuration file to a switch.  

3.1.24.5  CONFIGURATION FILE VERIFICATION 

Every Switch shall verify the configuration file received was not corrupted prior to 
loading. 

Rationale: This prevents the loading of the wrong configuration file to a switch.  

3.1.24.6  CRITICAL TRAFFIC CLASSES 

The Network Scheduler shall schedule network data for critical traffic classes (TT & RC) 
to meet the data transfer requirements.  

Rationale: This requirement establishes the need to prioritize Time-Triggered, Rate 
Constrained while leaving adequate room for BE network traffic.  Lower priority traffic 
class faults and overloading conditions do not propagate to higher priority traffic 
classes.  

3.1.24.7  ORDERING VIRTUAL LINKS 

The Network Scheduler shall support ordering of specific VLs transmitted on the DSG 
Inter-Element Network.  

Rationale: TBS 
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3.1.24.8  SCHEDULER CONSIDERATIONS 

The Network Scheduler shall use the produce/consumer data, the network topology 
model, LRU latency model, and jitter & latency allocations to schedule network traffic.  

Rationale: TBS 

3.1.24.9  NIC AND NETWORK SWITCH SCHEDULING 

The Network Scheduler shall create configuration tables for the NIC and Network 
Switch.  

Rationale: TBS 

3.1.25  NETWORK CONFIGURATION TABLES 

3.1.25.1  CONFIGURATION TABLES IN FLIGHT COMPONENTS 

The DSG Inter-Element Network shall use configuration tables in each flight component 
that allow configuration management (unique part number), error checking and loading 
of flight components.  

Rationale: TBS 

3.1.25.2  SWITCH POSTIONS 

The Network Switch Configuration Tables shall uniquely identify the switch position 
within the network.  

Rationale: TBS 

3.1.25.3  NETWORK END SYSTEM CONFIGURATION TABLES UNIQUIE ID 

The Network End System Configuration Tables (NICs) shall be uniquely identified for an 
end system position within the network.  

Rationale: TBS 

3.1.25.4  CONFIGURATION DOCUMENTATION 

The data required to configure the DSG Inter-Element Network shall be documented in 
TBD.  

Rationale: TBS 

3.2  PHYSICAL LAYER ATTRIBUTES CONSIDERED 

Physical layer attributes - TBS 

The physical layer defines the cable, connector, the electrical signaling levels, and the 
line encoding method for the information.  The physical layer for the protocols outlined 
in this document will be discussed as well as some of the considerations for comparing 
the different physical layers.   
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The Ethernet standards have different physical layers depending upon the signaling 
rate.   

The 1000BaseT (802.3ab 1999) uses PAM-5 coded signaling as well as at least 
Category 5e cable with four twisted pairs cabling.  Each pair is used in both directions 
simultaneously.
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4.0  VERIFICATION AND TESTING 

TBS 

Define how standard implementation will be verified. 

4.1  TIME-TRIGGERED ETHERNET SYSTEM CHARACTERISTICS 

4.1.1  TIME-TRIGGERED ETHERNET GENERAL VERIFICATION 

4.1.1.1  REDUNDANT NETWORK PLANES 

Verification of 3 redundant Network Planes of 1000BaseT per each of the two 
International Docking System (IDS) docking umbilical connectors shall be done through 
Inspection and Test.  Verification will be considered complete when signal quality can 
be verified through each connection.   

4.1.1.2  802.3-2008 1000BASE-T STANDARD 

Verification of one DIMA network plane connection comprised of 8 wires following the 
802.3-2008 1000BaseT standard shall be verified by inspection. 

4.1.1.3  SAE AS 6802 TIME TRIGGERED PROTOCOL 

Verification of each of the 3 DSG Inter-Element Network planes supporting the Time-
Triggered Ethernet Protocol SAE AS 6802 or an agreed upon tailored implementation of 
said standard shall be verified by test and analysis. 

4.1.2  NETWORK DATA FORMATS 

4.1.2.1  TIME TRIGGERED ETHERNET DEVICES 

Verification of a Time-Triggered Ethernet device provide the following classes, at a 
minimum: 

a) Protocol control frames 

b) Time-triggered traffic 

c) Rate-constrained traffic 

d) Best-effort traffic 

shall be verified through a combination of analysis and test. 
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4.1.3  MAJOR COMPONENTS 

4.1.3.1  MAJOR NETWORK COMPONENTS 

Verification of the DSG Inter-Element Network addressing/utilizing the following major 
network components: 

 Network Switches 

 Network Interface Cards 

 Cables & Connectors 

 Network scheduler 

 Device loader 

 Network Configuration Tables 

 Network Design Database 

shall be verified through analysis and inspection.  

4.1.4  DATA TRANSFER 

4.1.4.1  END SYSTEM TRANSFER 

Verification of the DSG Inter-Element Network transferring data between end systems 
using three traffic classes (Time-Triggered, Rate Constrained, or Best Effort) per the 
TBD configuration table definitions shall be verified by test. 

4.1.5  LRU PROCESSING SYNCHRONIZATION 

4.1.5.1  LRU TO NETWORK SYNCHRONIZATION 

Verification of the DSG Inter-Element Network providing a means of an LRU to 
synchronize internal processing to the network shall be verified by test.  

4.1.6  NETWORK TIME COORDINATION 

4.1.6.1  TIME SYNCHRONIZATION 

Verification of the DSG synchronizing network time on all end systems to allow time 
coordination between LRUs shall be verified by test. 

4.1.7  NETWORK TOPOLOGY 

4.1.7.1  DSG TOPOLOGY 

Verification of the DSG topology shall be per inspection of TBD drawing part number.  

4.1.8  NETWORK INITIALIZATION 

4.1.8.1  DSG INTER-ELEMENT NETWORK POWER UP AND SYNCHRONIZATION 

Verification of the DSG Inter-Element Network powering up and gain synchronization 
within TBD milliseconds shall be verified by test.  
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4.1.9  SYNCHRONIZATION 

4.1.9.1  SAE AS 6802 SYNCHRONIZATION COMPLIANCE 

Verification of the DSG Inter-Element Network performing network synchronization in 
compliance with SAE AS 6802 sections:  

4 SYNCHRONIZATION PROTOCOL CONTROL FLOW  

Appendix C TIME-TRIGGERED ETHERNET REALIZATION ON IEEE 802.3 
(GENERIC ETHERNET)  

Appendix D TIME-TRIGGERED ETHERNET REALIZATION ON ARINC 664-P7  

shall be verified by test.  

4.1.9.2  INDICATION OF SYNCHRONIZATION STATUS 

Verification of the DSG Inter-Element Network synchronization function transmitting 
synchronization state for indication of synchronization status shall be verified by test.  

4.1.9.3  COMPRESSION MASTER 

Verification of the DSG Inter-Element Network configuring with at least one 
compression master (CM) for each Network Plane shall be verified by analysis and 
test.  

4.1.9.4  SYNC MASTERS 

Verification of the DSG Inter-Element Network configuring with at least TBD sync 
masters (SM) shall be verified by analysis and test.  

4.1.10  LOW POWER OPERATION 

4.1.10.1  SINGLE PLANE OPERATION 

Verification of the DSG Inter-Element Network remaining operational in a single plane 
configuration shall be verified by test.  

4.1.11  NETWORK FAULT RESPONSE 

4.1.11.1  RESTART UPON FAULTS 

Verification of the DSG Inter-Element Network resetting and attempting restart upon 
major faults such as switch hard and transient faults, sync master hard and transient 
faults, link faults and detected cliques shall be verified by analysis and test.  

4.1.12  PCF FRAMES 

TBD 

4.1.13  CLOSED LOOP TESTING 

TBD 
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4.1.14  DATA TIME TAGGING PRECISION 

TBD 

4.1.15  COTS END SYSTEM INTERFERENCE 

4.1.15.1  HIGHER PRIORITY COMMUNICATIONS 

Verification of the DSG Inter-Element Network preventing COTS End Systems from 
disrupting higher priority communication shall be verified by analysis and test. 

4.1.16  NETWORK TABLE LOADING 

TBD 

4.1.17  NETWORK HEALTH STATUS 

4.1.17.1  STATUS MESSAGES 

Verification of the Network Health Status messages being transmitted periodically and 
are available for downlink as needed shall be verified by analysis and test. 

4.1.18  NETWORK DESIGN DATA 

TBD 

4.1.19  END SYSTEM IDENTIFICATION 

4.1.19.1  UNIQUE IDENTIFIERS 

Verification of the DSG Inter-Element Network End Systems (Network Switch, NIC 
hosting LRUs) being uniquely identified in the configuration tables shall be verified by 
analysis and test. 

4.1.20  TEST PORT ACCESSIBILITY 

4.1.20.1  LAB OPERATIONS 

Verification of the DSG Inter-Element Network providing test ports on each network 
plane to support lab operations shall be verified by test.  

4.1.21  NETWORK SWITCH 

The Network Switch is the component that forwards data between End Systems.  

4.1.21.1  PHYSICAL PORTS 

Verification of the Network Switch having a minimum of TBD (8-16 likely) physical ports 
shall be verified by analysis and test. 

4.1.21.2  CONTROL REGISTERS 

Verification of the Network Switch control registers being accessible over the DSG Inter-
Element Network shall be verified by test.  
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4.1.21.3  STATUS REGISTERS 

Verification of the Network Switch status registers being accessible over the DSG Inter-
Element Network shall be verified by test.  

4.1.21.4  MEMORY 

Verification of the Network Switch having a minimum of TBD of memory to buffer 
network traffic shall be verified by analysis and test.  

4.1.21.5  NETWORK TRAFFIC PRIORITY 

Verification of the Network Switch prioritizing network traffic processing such that 
Protocol Control Frames are the highest priority, Time-Triggered are the next priority, 
followed by Rate Constrained and then BE traffic within the available network bandwidth 
shall be verified by analysis and test.  

4.1.21.6  NETWORK PLANE INDEPENDENCE 

Verification of each Network Switch being connected to a single (one) network plane 
shall be verified by analysis and test.  

4.1.21.7  HIGH INTEGRITY PROCESSING AND FAULT CONTAINMENT 

Verification of the Network Switch being in a COM/MON configuration to allow for high 
integrity processing and fault containment shall be verified by analysis and test.  

4.1.21.8  CLOCK OUT OF TOLERANCE RESPONSE 

Verification of the Network Switch Clock Monitor response to the clock being out of 
tolerance to reset and holding the Switch in reset until the power is cycled or the clock 
comes back into tolerance shall be verified by test.  

4.1.21.9  POWER MONITOR TRIP LIMITS 

Verification of the Network Switch Power Monitor trip limits being set to keep the power 
supplied to the parts and the power monitor within specification values shall be verified 
by test.  

4.1.21.10  TRANSITION TO FAIL PASSIVE STATE 

Verification of the Network Switch transitioning to a fail passive state upon detection of a 
shared internal power failure shall be verified by analysis and test.  

4.1.21.11  COM/MON FUNCTIONS 

Verification of the Network Switch providing two independent, separated functions (i.e. 
COM-MON) where each function performs the processing of all network message traffic 
shall be verified by some combination of test and analysis.  

4.1.21.12  NETWORK SWITCH MON 

Verification of the Network Switch MON lane monitoring COM TX packet transmissions 
and forcing packet syntax errors prior to the completion of the transmission for each 
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packet that does not match the MON lane expected transmit packet shall be verified 
through some combination of test and analysis.  

4.1.21.13  DISABLED TRANSMIT-PACKETS 

Verification of the Network Switch counting the occurrences of disabled transmit-
packets on a per port basis and making results accessible to the Network Management 
Function shall be verified through some combination of test and analysis.  

4.1.21.14  DUAL CRC MONITORS 

Verification of the Network Switch shall have independent, dual CRC monitors that 
detect invalid received packet CRCs per CRC:  

G(x) = x32+x26+x23+ x22+ x16+ x12+ x11+ x10+ x8+ x7+ x5+ x4+ x2+ x+1 

shall be through test and analysis.  

4.1.21.15  DISCARDING INVALID PACKETS 

Verification of the Network Switch CRC monitor discarding packets received containing 
invalid received packet CRCs shall be verified through test and analysis.  

4.1.21.16  PACKET LENGTH MONITORING 

Verification of the Network Switch providing independent means for both COM and 
MON to detect when a received packet’s length is shorter than that specified in the 
packet header shall be verified through test and analysis. 

4.1.21.17  COM AND MON CONGRUENCY 

Verification of the Network Switch providing an independent means to ensure 
congruency between COM and MON shall be verified through test and analysis.  
Verification will ensure received packets are either accepted by both COM and MON, or 
otherwise discarded. 

4.1.21.18  VIRTUAL LINK MONITORING 

Verification of the Network Switch providing an independent means for both COM and 
MON to monitor network packet VLs against a predefined schedule contained in the 
configuration tables shall be verified through test and analysis. 

4.1.21.19  PREDEFINED SCHEDULE DISAGREEMENT 

Verification of the Network Switch discarding received packets that disagree with the 
predefined schedule in the configuration tables shall be verified through text and 
analysis.  

4.1.21.20  BANDWIDTH ALLOCATION GAP MONITORING 

Verification of the network switch providing an independent means for both COM and 
MON to monitor the network packet bandwidth allocation gap (BAG) against a 
predefined schedule in the configuration tables shall be verified by test and analysis. 
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4.1.21.21  SCHEDULE DISAGREEMENT 

Verification of the Network Switch discarding received packets that disagree with the 
predefined schedule in the configuration tables shall be verified through test and 
analysis.  

4.1.21.22  CONFIGURATION TABLE LOADING 

Verification of the Network Switch being capable of loading a configuration table from 
the network, whether an existing configuration table is loaded or is valid shall be verified 
through test and analysis.  

4.1.21.23  BUILT-IN-TEST 

Verification of the Network Switch containing Built-In-Test that can be initiated on 
power-up or provide the ability to externally execute the test shall be verified by test.  

4.1.21.24  OPERATION MODE TABLE LOADING 

Verification of the Network allowing loading a configuration table while the switch is in 
operation mode shall be verified by test.  

4.1.21.25  CONFIGURATION CRC CHECKS 

Verification of the Network Switch performing an IEEE CRC-32 over the configuration 
tables prior to use after a cold-start or reset shall be verified by test and analysis.  

4.1.21.26  COMPRESSION MASTER 

Verification of the Network Switch being capable of functioning as a Compression 
Master as defined in SAE AS 6802 shall be verified by test and analysis. 

Rationale: TBD 

4.1.21.27  NETWORK SYNCHRONIZATION 

Verification of the Network Switch synchronization function establishing network 
synchronization such that no 2 healthy network time sources differ by more than TBD 
microseconds shall be verified by test and analysis.  

4.1.21.28  SYNCHRONIZATION WITH NETWORK FAULTS 

Verification of the Network Switch synchronization algorithm establishing network 
synchronization in the presence as many as of TBD faulty NICs or TBD faulty NIC and 
TBD faulty Network Switch within a network plane when more than one network plane is 
operating shall be verified by test.  

4.1.21.29  SYNCHRONIZATION INTEGRATION PERIOD 

Verification of the Network Switch synchronization algorithm maintaining the established 
network synchronization for up to one integration period without receiving 
synchronization messages shall be verified by test and analysis.  
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4.1.21.30  SYNCHRONIZATION DURING POWER APPLICATION 

Verification of the Network Switch synchronization function establishing synchronization 
within TBD milliseconds of power application and release from reset when the required 
timing masters are available shall be verified by test and analysis. 

4.1.22  NETWORK INTERFACE CARDS (NIC) 

The NIC is a single thread network interface for internal and third party use. The NIC 
receives Ethernet frames through the network ports, checks them and may put them 
into Host Interface memory per the configuration tables. The NIC takes Ethernet frames 
from the egress ports, formats them and transmits them on the DSG Inter-Element 
Network. 

4.1.22.1  POWER INTERFACE 

Verification of the NIC receiving power via the host interface connection shall be verified 
through test and analysis.  

4.1.22.2  NETWORK TIME CAPTURE INTERFACE 

Verification of the NIC receiving a discrete input time pulse from a source external to the 
hosting LRU or from the hosting LRU to trigger a network time capture shall be verified 
through test and analysis.  

4.1.22.3  NETWORK TIME CAPTURE 

Verification of the NIC capturing the network time upon receipt of a discrete input time 
pulse shall be verified by test and analysis.  

4.1.22.4  NETWORK TIME CAPTURE LATENCY 

Verification of the NIC capturing the network time in an internal register within TBD 
microsecond of either the internal discrete input time pulse or external discrete input 
time pulse being received by test and analysis.  

4.1.22.5  CONFIGURATION TABLE INTEGRITY CHECKS 

Verification of the NIC performing a CRC over the configuration tables prior to use after 
a cold-start or reset shall be verified by test and analysis.  

4.1.22.6  CONFIGURATION TABLE INTEGRITY CHECKS FAULT RESPONSE 

Verification of the NIC inhibiting all network traffic except for maintenance 
communication using dedicated maintenance messages when the configuration table 
CRC is invalid shall be verified through test and analysis. 

4.1.22.7  HIGH INTEGRITY NIC SYNCHRONIZATION 

Verification of a device with a high-integrity network interface being configurable as a 
synchronization master or a synchronization client shall be verified through test and 
analysis. 
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4.1.22.8  STANDARD INTEGRITY NIC SYNCHRONIZATION 

Verification of a device with a standard-integrity network interface, at a minimum, being 
able to function as a synchronization client shall be verified through test and analysis. 

4.1.22.9  DATA TRANSFER BUFFER MEMORY 

Verification of the NIC have a minimum of TBD MBits of memory for buffering DSG 
Inter-Element Network traffic shall be verified through analysis.  

4.1.22.10  TRAFFIC CLASSES 

Verification of the NIC prioritizing network traffic processing such that PCF first, Time-
Triggered is processed next followed by Rate Constrained and then BE traffic within the 
available network bandwidth shall be verified through test and analysis.  

4.1.22.11  DMA CHANNELS 

Verification of the NIC supporting TBD DMA channels to allow data transfer from the 
NIC memory shall be through test and analysis.  

4.1.22.12  HOST SIDE BUS VOLTAGE 

Verification of the NIC being compatible with TBD PCI volt power shall be verified 
through test and analysis.  

4.1.22.13  HOST SIDE BUS TRANSFER RATE 

Verification of the NIC being compatible with PCI TBD MHz transfer rate shall be 
verified through test and analysis.  

4.1.22.14  HOST SIDE BUS INTERFACE 

Verification of the NIC being compatible with PCI TBD bit interface definition shall be 
verified through analysis. 

4.1.22.15  ENDIAN 

Verification of the NIC using a PCI host interface that is configurable to provide network 
data in big and little endian format without software swapping of ingress and egress 
data shall be verified by test and analysis.  

4.1.23  CABLES AND CONNECTORS 

The DSG Inter-Element Network Physical Layer is based on Ethernet 1000BASE-T 
standard, which includes:  

 Copper media  

 Dedicated TX and RX wire pairs per link – full duplex w/o signal mixing  

 Connectors (Electrical Characteristics for LRU Connectors) Zero Force, 
Bulkhead, LRU)  
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4.1.23.1  NETWORK HARNESS 

Verification of the DSG Inter-Element Network harness being routed in a manner to 
minimize Single Faults that will result in failure of multiple Avionics devices or multiple 
Network Planes shall be verified through analysis and inspection.  

4.1.23.2  WIRING INTERNCONNECTS 

Verification of the DSG Inter-Element Network wiring interconnections being per 
Interconnect Drawing Part Number TBD shall be through inspection.  

4.1.23.3  BIT ERROR RATE (BER) 

Verification of the DSG Inter-Element Network providing network communications with a 
Bit Error Rate (BER) per physical layer connected selected for each port shall be 
verified through analysis and analysis of test data.  

4.1.23.4  WIRE GAUGE 

Verification of the TTE cable using at least 24AWG wire to ensure maximum cable 
length shall be verified through inspection.  

4.1.23.5  JUMPER CABLE SEGMENTS 

Verification of Jumper Cable segments using 1.5dB margin for manufacturing and 
environmental issues shall be verified through analysis and test.  

4.1.23.6  TRANSFORMER COUPLING 

The NIC and Network Switch provide isolation/surge protection transformers between 
the Network Interface connectors and the NIC PBA circuitry to protect against signal 
levels referred in this section.  

4.1.23.7  LIGHTNING 

Verification of the NIC and Network Switch meeting all operational performance 
requirements in the event of a lightning event within TBD levels will be through 
analysis.  

4.1.24  CONFIGURATION TABLES 

The Network Scheduler impacts the DSG Inter-Element Network and all equipment that 
interfaces to that network. The Network Scheduler does the following:  

 Aligns processing & dataflow across the network to meet  

o Producer/Consumer Requirements  

o Latency & Jitter  

 Lays out network communications while not exceeding physical constraints (link 
size, end system memory size, tenure times, etc.)  

 Provides an export of network traffic information for network end system builder  
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 Provides processing timeline start times/(offset to marker) and other IO 
information for the Processors 

 Provides major, minor and sub minor frame schedule information for Processors 
with linkage to processing timeline  

 Provides an export to a Vehicle ICD  

 Produces reports/data coordinated processing timelines, dataflow and other 
information for other tooling for design & verification use.  

4.1.24.1  NETWORK SCHEDULER PARAMETERS 

Verification of the Network Scheduler implementing the SAE AS6802 Section 11 
parameters will be through analysis.  

4.1.24.2  CRITICAL TRAFFIC NETWORK COMMUNICATIONS SCHEDULE 

Verification of the Network Scheduler scheduling Critical Traffic (CT) network 
communications such that the communication links, End System Memories, and Switch 
Memories do not exceed TBD % of overall utilization rates shall be through analysis and 
test.  

4.1.24.3  IDENTICAL CRITICAL TRAFFIC SCHEDULES 

Verification of the Network Critical Traffic schedules for redundant Network Planes 
being identical to maintain symmetry shall be through analysis and test. 

4.1.24.4  CONFIGURATION FILE VERIFICATION 

Verification of every Switch being able to verify their configuration file shall be through 
test. 

4.1.24.5  CRITICAL TRAFFIC CLASSES 

Verification of the Network Scheduler scheduling network data for critical traffic classes 
(TT & RC) to meet the data transfer requirements shall be through test.  

4.1.24.6  ORDERING VIRTUAL LINKS 

Verification of the Network Scheduler supporting ordering of specific VLs transmitted on 
the DSG Inter-Element Network shall be through test.  

4.1.24.7  SCHEDULER CONSIDERATIONS 

Verification of the Network Scheduler using the produce/consumer data, the network 
topology model, LRU latency model, and jitter & latency allocations to schedule network 
traffic shall be through analysis and test.  

4.1.24.8  NIC AND NETWORK SWITCH SCHEDULING 

Verification of the Network Scheduler creating configuration tables for the NIC and 
Network Switch shall be through analysis and test.  
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4.1.25  NETWORK CONFIGURATION TABLES 

4.1.25.1  CONFIGURATION TABLES IN FLIGHT COMPONENTS 

Verification of the DSG Inter-Element Network using configuration tables in each flight 
component that allow configuration management (unique part number), error checking 
and loading of flight components shall be verified by analysis and test.  

4.1.25.2  SWITCH POSTIONS 

Verification of the Network Switch Configuration Tables uniquely identifying the switch 
position within the network shall be verified through analysis and test.  

4.1.25.3  NETWORK END SYSTEM CONFIGURATION TABLES SWITCH POSITION 

Verification of the Network Switch Configuration Tables uniquely identifying the switch 
position within the network shall be verified by analysis and test. 

4.1.25.4  NETWORK END SYSTEM CONFIGURATION TABLES UNIQUIE ID 

Verification of the Network End System Configuration Tables (NICs) being uniquely 
identified for an end system position within the network shall be verified by analysis and 
test.  

4.1.25.5  CONFIGURATION DOCUMENTATION 

Verification of the data required to configure the DSG Inter-Element Network be 
documented in TBD shall be verified by inspection.  

 



IASIS Draft Release Copy 

February 2017 

Verify this is the current version before use 5-1 

5.0  FUTURE TOPICS FOR POSSIBLE STANDARDIZATION 

5.1.1  DESCRIPTION OF FUTURE TOPIC AREAS 

TBD/TBS 

5.1.2  FUTURE TOPIC AREAS STANDARDS 

TBD/TBS 

Potential areas for future standards interoperability selection for avionics could include 
the areas of Command and Data Handling (Processors, Networks, and 
Instrumentation), Human Interfaces (Displays and Controls, Audio, Imagery, and 
Wearable Technology), and Electronic Design (EEE Parts, EMI/EMC, Radiation, and 
Manufacturing).  As the Interoperability Standards development proceeds, assessments 
as to which areas should be addressed as well as when in the document development 
cycle this would occur will be decided at a future time.
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APPENDIX A   ACRONYMS AND ABBREVIATIONS 

AFDX Avionics 

BAG Bandwidth Allocation Gap 
BE Best-Effort 
BER Bit Error Rate 
BIT Built In Test 

C&DH Command and Data Handling 
CA Collision Avoidance 
CCSDS Consultative Committee for Space Data System 
CIS Cross Support Services 
CM Compression Master 
COM/MON Command/Monitoring 

COTS Commercial Off The Shelf 
CRC Cyclic Redundancy Check 
CT Critical Traffic 
CXP CoaXPress 

DIMA Distributed Integrated Modular Avionics 
DMA Direct Memory Access 
DSG Deep Space Gateway 

ECSS European Cooperation for Space Standardization 
EMI Electromagnetic Interface 
ETG EterCAT Technology Group 

FSW Flight Software 

HEOMD Human Exploration and Operations Mission Directorate 

IDSS International Docking System Standard 
IEC International Electrotechnical Commission 
IEEE Institute of Electrical and Electronics Engineers 
IOAG Interagency Operation Advisory Group 
ISS International Space Station 

LAN Local Area Network 
LLC Logical Link Control 
LRU Line Replacement Unit 

MAC Media Access Control 
MCB Multilateral Coordination Board 

MOIMS Mission Operations and Information Management Services 
MTBF Mean Time Between Failure 

NASA National Aeronautics and Space Administration 
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NIC Network Interface Cards 

ODN Onboard Data Network 

P2P Point-to-Point 
PBA Printed Board Assembly 
PCI Peripheral Component Interconnect 
PLC Programmable Logic Controller 

QoS Quality of Service 

RC Rate-Constrained 
RID Review Item Disposition 

SEA System Engineering 

SIS Space Internetworking Services 
SLS Space Link Services 
SM Sync Masters 
SOIS Spacecraft Onboard Interface Services 
SWaP Size, Weight, and Power 

TBD To Be Determined 
TBS To Be Supplied 
TCP Transmission Control Protocol 
TT Time-Triggered 
TTE Time-Triggered Ethernet 
TT-GbE Time-Triggered Gigabit Ethernet 

UHF Ultra High Frequency 

VL Virtual Links 
VRRP Virtual Router Redundancy Protocol 
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APPENDIX B   GLOSSARY 

Synchronous 

A synchronous network (sometimes referred to as scheduled networks) is a network in 
which global timing on the network is controlled for communications to occur across 
network components deterministically.  Please note this is not to be confused with 
synchronous interfaces where data and clock are provide to clock a data signal. 

Asynchronous  

An asynchronous network (sometimes referred to as event driven networks) is a 
network in which communications occurs between components randomly based upon 
when data is collected and ready for transmission with no regard to the receiver(s) 
timing in the network.    Please note this is not to be confused asynchronous interface 

where data is sent without clocking information and oversampling must be performed to 
interrupt the data. 

Isochronous  

Isochronous communication is a transmission method that ensures data flows at a 
steady rate so that data received at the destination is received at close to the same data 
rate as that generated at the source.  It is accomplished by interrupting at controlled 
intervals the data stream being transmitted.  Isochronous timing is a characteristic of a 
repeating event whereas synchronous timing refers to the relationship between two or 
more events.  Video is an example of where isochronous communications is used. 

Determinism  

For this context is a desired property of communication in which: 1) the max message 
latency is bounded and known a priori, 2) the order messages are received matches the 
order they were sent, and 3) messages sent simultaneously will be received in an a 
priori known order for all recipients.. 

Nondeterminism  

For this context, nondeterminism refers to communication where communication is does 
not have an upper and lower timing jitter for receipt. 

Latency  

A measure of time delay experienced by the system. 

Jitter  

The deviation from true periodicity of a presumably periodic signal, often in relation to a 
reference clock signal. 

Switch  

A switch is a device that connects multiple network components via point-to-point full 
duplex links.  The switch makes decisions on the destination (either final or 
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intermediate) of an received message from a point-to-point link based upon the 
addressing information in the message (usually in the header of the message).  
Messages are usually referred to as packets (could be a portion of a packet if the 
packet is segmented) and are bound by an upper limit in size.  A switch has multiple 
(more than two) ports (point-to-point links) for communicating in a full duplex fashion on 
each port.  Simultaneous communication is possible through the switch when no 
contention for ports exist.  

 

Bus  

A bus or logical bus is a network topology where all network components are attached 
to a shared medium.  The bus (logical bus) is half duplex communication where only 
one network component may transmit at a time (half duplex).  The method for when a 
network component is permitted to transmit varies based upon the protocol. The bus at 
the physical layer is also referred to as a multi-drop bus where all components connect 
(usually through a impedance matched coupler) to the backbone differential pair.  The 
physical layer for the logical bus is a broadcast hub which has a point-to-point link from 
each network component, which is functionally the same as the multi-drop bus 
backbone. 
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APPENDIX C   OPEN WORK 

TBS 

Table C-1 lists the specific To Be Determined (TBD) items in the document that are not 
yet known. The TBD is inserted as a placeholder wherever the required data is needed 
and is formatted in bold type within brackets. The TBD item is numbered based on the 
section where the first occurrence of the item is located as the first digit and a 
consecutive number as the second digit (i.e., <TBD 4-1> is the first undetermined item 
assigned in Section 4 of the document). As each TBD is solved, the updated text is 
inserted in each place that the TBD appears in the document and the item is removed 
from this table. As new TBD items are assigned, they will be added to this list in 
accordance with the above described numbering scheme. Original TBDs will not be 
renumbered. 

TABLE C-1 TO BE DETERMINED ITEMS 

TBD Section Description 

   

   

   

   

 

Table C-2 lists the specific To Be Resolved (TBR) issues in the document that are not 
yet known. The TBR is inserted as a placeholder wherever the required data is needed 
and is formatted in bold type within brackets. The TBR issue is numbered based on the 
section where the first occurrence of the issue is located as the first digit and a 
consecutive number as the second digit (i.e., <TBR 4-1> is the first unresolved issue 
assigned in Section 4 of the document). As each TBR is resolved, the updated text is 
inserted in each place that the TBR appears in the document and the issue is removed 
from this table. As new TBR issues are assigned, they will be added to this list in 
accordance with the above described numbering scheme. Original TBRs will not be 
renumbered. 

TABLE C-2 TO BE RESOLVED ISSUES 

TBR Section Description 
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APPENDIX D    SYMBOLS DEFINITION 

TBS 
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APPENDIX E   NETWORK ARCHITECTURE ATTRIBUTES 

There are a number of approaches that could be used to eventually determine the types 
of datalink protocols that could be utilized for Exploration based upon their various 
attributes.  One approach utilized here is based upon types of Network Architecture 
needs and attributes.  Please note that some of these attributes are not mutually 
exclusive, i.e., a synchronous network may be implemented over a bus or a switch 
fabric, etc. 

Asynchronous networks 

An asynchronous network is one in which messages are generated and consumed in 
response to events or changes in system state (i.e. event-driven).  Unlike in 
synchronous networks, in which all communication is coordinated through use of some 
synchronization service or external clock signal, participants within an asynchronous 
network may produce messages at any point in time. 

As a result of this event-driven architecture, contention may occur if messages 
produced by different network participants contend for shared network resources.  In a 
multidrop bus network, contention occurs if multiple nodes attempt to transmit data over 
the same bus simultaneously.  In a switched network, contention occurs if multiple 
frames must be forwarded through the switching fabric to the same egress port.  
Asynchronous networks require some arbitration scheme in order to resolve this 
contention in a timely and fair manner.  Some examples of common arbitration methods 
include Carrier Sense Multiple Access with Collision Detection and Arbitration on 
Message Priority (CSMA/CD+AMP) used in Controller Area Network (CAN), and the 
Round-Robin Matching (RRM) algorithm used in many Ethernet switch fabrics. 

One disadvantage of the need for arbitration in asynchronous networks is that 
transmission time is inherently less predictable than in synchronous network 
technologies, as the delay a message experiences depends heavily on contention from 
competing inputs and the arbitration method used.  Even priority based arbitration 
schemes do not guarantee predictable behavior, as minor variations in system timing 
can alter which messages contend at a given arbitration cycle.  Asynchronous networks 
are also generally less composable than their scheduled counterparts.  When multiple 
independently developed subsystems are integrated together, the resulting system 
often contains unintended system states and transitions caused by the interaction of 
event-triggered traffic between subsystems.  Attempts to increase the composability of 
event-driven networks generally require 1) more resources dedicated to coordinating 
actions between subsystems at run-time (e.g. announcements, handshaking), and 2) 
limiting communication between subsystems as much as possible (i.e. keeping traffic 
internal to a given subsystem).  

Compared to scheduled communication, the main advantage of asynchronous networks 
is their relative flexibility regarding design and implementation.  First, it is not required to 
know the traffic patterns of all network participants at design time.  Networks may be 
expanded incrementally over time (e.g. through the addition of new devices) without 
necessitating changes to the original design of the network – provided the QoS 
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requirements of all participants are still met. Moreover, asynchronous networks do not 
require synchronization between node, which eliminates the need for external timing 
hardware or dedicated synchronization services.  Also, the lack of a global 
communication schedule enables increased utilization of the network bandwidth and 
overall higher effective throughput (10Gbit/s+ for some technologies).  

Overall, asynchronous networks prioritize flexibility and responsiveness over 
predictability, though some asynchronous technologies discussed in later sections do 
provide mechanisms to improve their determinism.  Generally, they are best suited for 
systems required to respond quickly to unpredictable external events, systems that are 
expected to grow or change over time, or in systems requiring transmission speeds so 
high that concerns regarding determinism are diminished.  These applications include 
crew interfaces and science, real-time audio/video streaming, telemetry and data 
processing, and general purpose onboard LANs. 

Synchronous Networks 

One common problem in the implementation of a shared network is the occurrence of 
contention, in which multiple nodes (or the messages they produce) may compete for 
access to shared network resources.  Asynchronous networks address this problem 
through the use of arbitration, but introduce unpredictability regarding message 
transmission time and unintended system states.  

A synchronous network is a network in which some clock service is used to 
coordinate the transmission of messages such that this contention cannot occur, so no 
arbitration method is required.  This coordination is commonly achieved using a Time 
Division Multiple Access (TDMA) access scheme, in which specific time slots in which to 
communicate are allocated to each transmitter.  Generally, communication is scheduled 
offline and devices are pre-configured using static messaging tables.  Some method of 
synchronization is required to maintain a common time base between devices, and is 
generally provided by means of a common external reference or distributed global 
clock.  By nature of its scheduled communication, synchronous networks are generally 
able to provide improved determinism over asynchronous technologies – that is, near 
constant latency (jitter <10 µs for some technologies) with guaranteed in-order message 
delivery.   

However, synchronous networks have downsides that make them impractical for some 
spacecraft applications.  Considerable effort is required to specify the timing properties 
and access patterns of all participants upfront, and once deployed, changes to this 
network configuration or the addition of new devices necessitate changes to the 
communication schedule.  Moreover, depending on the granularity at which scheduled 
events may occur, the overall effective throughput of synchronous traffic may be 
severely limited. 

Overall, scheduled communication sacrifices flexibility in order to ensure predictable 
network loading and deterministic traffic performance.  By nature of their designs, 
synchronous networks are generally best suited for critical applications requiring hard 
real-time distributed control, periodic communication, and which do not require 
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extensive modification once deployed.  These domains include networking for vehicle 
command and control (e.g. onboard computers (OBCs), inertial measurement units 
(IMUs), star trackers, sensors/actuators, and telerobotics (e.g. motor controllers, 
embedded processors). 

Traditionally, vehicle control networks have been implemented using a multi-drop bus 
network.  This choice of topology is partially motivated by the transaction patterns 
generally found in this application, in which traffic flow is required between end devices 
(e.g. sensors/effectors) and one or more OBCs, but not between the end devices 
themselves.  Furthermore, the required throughput in most vehicle control networks is 
relatively low (e.g. < 2Mbit/s), which can be accommodated by multiple modern 
deterministic buses. 
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PREFACE 

INTERNATIONAL COMMUNICATION SYSTEM INTEROPERABILITY STANDARDS 

This Communication System Interoperability standard is to ensure end-to-end 
compatibility, and interoperability between the Deep Space Gateway and Transport, 
visiting spacecraft and Earth, enabling on-orbit or surface crew operations and joint 
collaborative endeavors. 

Configuration control of this document is the responsibility of the International Space 
Station (ISS) Multilateral Coordination Board (MCB), which is comprised of the 
international partner members of the ISS. The National Aeronautics and Space 
Administration (NASA) will maintain the International Communication System 
Interoperability Standard under Human Exploration and Operations Mission Directorate 
(HEOMD). Any revisions to this document will be approved by the ISS MCB. 
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1.0  INTRODUCTION  

This International Communications System Standard is the result of a collaboration by 
the International Space Station (ISS) membership to establish, interoperable interfaces, 
terminology, techniques, and environments to facilitate collaborative endeavors of 
space exploration in cis-Lunar and deep space environments.  

Standards that are established and internationally recognized have been selected 
where possible to enable commercial solutions and a variety of providers.  Increasing 
commonality while decreasing unique configurations has the potential to reduce the 
traditional barriers in space exploration: overall mass and volume required to execute a 
mission.  Standardizing interfaces reduces the scope of the development effort and 
allows more focus on performance instead of form and fit.   

The information within this document represents a set of parameters enveloping a broad 

range of conditions, which if accommodated in the system architecture support greater 
efficiencies, promote cost savings, and increase the probability of mission 
success.  These standards are not intended to specify system details needed for 
implementation nor do they dictate design features behind the interface, specific 
requirements will be defined in unique documents.  

1.1  PURPOSE AND SCOPE 

The purpose of the International Communication System Interoperability Standards 
(ICSIS) Document is to define the functional, interface and performance standards 
necessary to support interoperable and compatible communications between the Deep 
Space Gateway (DSG) and Deep Space Transport (DST), ground infrastructure, other 
space and surface vehicles.  Interoperable and compatible communications between 
space vehicles/systems, ground infrastructure, etc. is critical to the success of human 
exploration; it enables use of NASA, international partner, commercial and other assets 
interchangeably, decreases development and procurement costs and reduces 
operational and training complexity.  Some of the key challenges to a communication 
systems as humans venture further out into space are: 

a. the ability to operate over different mission phases and be compatible with 
different ground, surface and space-to-space interfaces; 

b. the need to handle spectrum constraints, longer latencies and disruptions; 

c. an evolving, highly networked architecture and its implications (dissimilar 
systems putting data onto a single link, quality of service, security and network 
management, etc.) and 

d. system integration across multiple levels (infrastructure, multiple users, multiple 
control centers, etc.). 

A common set of standards and interfaces at the different layers of the protocol stack is 
essential to addressing the above challenges while addressing size, weight and power 
constraints, and highly reliable operations.  Components, systems, or vehicles delivered 
from multiple sources need to work together as an effective system to ensure success 
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of actual missions.  Such interoperability also enables partners to assist each other in 
emergency or contingency situations that can occur during Exploration. 

The architecture, standards and protocols in the ICSIS document address both cislunar 
space as well as deep space missions (DSG and DST).  However, the focus of this 
version of the document is on the cislunar space missions.  The team is making every 
effort possible to ensure compatibility and extensibility of protocols and standards 
selected here to deep space missions. Future revisions of this document will include 
any modifications to the protocols and standards for deep space applicability.  For 
example, the frequencies defined for the cislunar applications are per the near-Earth 
spectrum allocations.  The frequencies for deep space excursions need to be added to 
be compliant with deep space spectrum allocations. 

The communication standard makes use of existing Interagency Operations Advisory 

Group (IOAG) standard services and Consultative Committee on Space Data Systems 
(CCSDS) standards and protocols wherever possible. CCSDS is a multi-national forum 
for the development of communications and data systems standards for spaceflight and 
has worked over the years to develop, reach agreement and implement standards and 
protocols for space vehicles.  In cases where the team identifies a gap in CCSDS 
standards for a particular application or link, they will work with the applicable CCSDS 
working group or other relevant standards development organization to standardize a 
commercial/industry standard or develop a new standard as appropriate. 

1.2  RESPONSIBILITY AND CHANGE AUTHORITY 

Any proposed changes to this standard by the participating partners of this agreement 
shall be brought forward to the Communication System Interoperability Standards 
committee for review. 

Configuration control of this document is the responsibility of the International Space 
Station (ISS) Multilateral Coordination Board (MCB), which is comprised of the 
international partner members of the ISS. The National Aeronautics and Space 
Administration (NASA) will maintain the International Communication System 
Interoperability Standards Document under HEOMD Configuration Management. Any 
revisions to this document will be approved by the ISS MCB. 

1.3  PRECEDENCE 

This paragraph describes the hierarchy of document authority and identifies the 
document(s) that take precedence in the event of a conflict between content.  
Applicable documents include requirements that must be met. Any conflicts between a 
given value in this standard and the applicable document will be resolved at the ISS 
MCB. 

Reference documents are either published research representing a specific point in 
time, or a document meant to guide work that does not have the full authority of an 
Applicable document. If a value in this document conflicts with a value in a referenced 
document, the value in this document takes precedent because the value here was 
selected based on new data or special constraints for the missions discussed. 
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2.0  DOCUMENTS 

2.1  APPLICABLE DOCUMENTS 

The following documents include specifications, models, standards, guidelines, 
handbooks, and other special publications. Applicable documents are levied by 
programs with authority to control system design or operations.  The documents listed in 
this paragraph are applicable to the extent specified herein. Inclusion of applicable 
documents herein does not in any way supersede the order of precedence identified in 
Section 1.3 of this document. 

Version numbers for DSG-Visiting Vehicle link applicable documents are explicitly called 
out to ensure compatibility and interoperability with Orion’s S-band system.  Version 
numbers for other Applicable documents will be added in as necessary to ensure 
compatibility and interoperability with ground stations and other users. 

REC SFCG 32-2R1 Communication Frequency Allocations and Sharing in the 
Lunar Region 

CCSDS 131.0-B-3 TM Synchronization and Channel Coding 

CCSDS 734.2-B-1 Bundle Protocol Specification 

CCSDS 734.1-B-1 Licklider Transmission Protocol (LTP) for CCSDS 

CCSDS 732.0.B-3 AOS Space Data Link Protocol 

CCSDS 401.0-B-26 Radio Frequency and Modulation Systems – Part 1 

CCSDS 727.0-B-4 CCSDS File Delivery Protocol (CFDP) – Recommended 
Standard 

CCSDS 735.1-B-1 Asynchronous Message Service (AMS) 

CCSDS 414.1-B-2 Pseudo-Noise (PN) Ranging Systems 

CCSDS 503.0-B-1 Tracking Data Message 

FIPS PUB 197 Advanced Encryption Standard 

NIST SP 800-38D Recommendation for Block Cipher Modes of Operation: 
Galois/Counter Mode (GCM) and GMAC 

CCSDS 355.0-B-1 Space Data Link Security Protocol 

CCSDS 133.1-B-2 Encapsulation Service 

CCSDS 211.1-B-4  Proximity-1 Space Link Protocol--Physical Layer 
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CCSDS 211.2-B-2 Proximity-1 Space Link Protocol--Coding and Synchronization 
Sublayer 

CCSDS 211.0-B-5 Proximity-1 Space Link Protocol-Data Link Layer 

CCSDS 301.0-B-4.  Time Code Formats 

CCSDS 320.0-B-6.  CCSDS Global Spacecraft Identification Field Code 
Assignment Control Procedures 

CCSDS 912.1-B-4.  Space Link Extension-- Space Link Extension--Forward CLTU 
Service Specification 

CCSDS 911.1-B-4.  Space Link Extension--Return All Frames Service 
Specification 

CCSDS 911.2-B-3.  Space Link Extension--Return Channel Frames Service 
Specification 

CCSDS 922.1-B-1.  

CCSDS 921.1-B-1.  

Cross Support Transfer Services--Monitored Data Service 

Cross Support Transfer Services—Specification Framework 

CCSDS 506.1-B-1 Delta-DOR Raw Data Exchange Format 

CCSDS 881.0-M-1 Spacecraft Onboard Interface Services – RFID Based 
Inventory Management Systems, Recommended Practice 

RFC 791 Internet Protocol 

RFC 8200 Internet Protocol version 6 

CCSDS 766.2-B-1 Voice and Audio Communications 

ANSI S3.2 Method For Measuring The Intelligibility Of Speech Over 
Communication Systems 

ITU P.863 Perceptual objective listening quality assessment 

CCSDS 766.1-B-1 Digital Motion Imagery 

NASA STD-2822 Still and Motion Imagery Metadata Standard 

CCSDS 352.0-B-1 CCSDS Cryptographic Algorithms 

RFC 7242 Delay-Tolerant Networking TCP Convergence Layer Protocol 

RFC 793 Transmission Control Protocol 

https://public.ccsds.org/Pubs/352x0b1.pdf
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RFC 768 User Datagram Protocol 

RFC 6071 IP Security (IPSec) and Internet Key Exchange (IKE) 
Document Roadmap 

2.2  REFERENCE DOCUMENTS 

The following documents contain supplemental information to guide the user in the 
application of this document.  These reference documents may or may not be 
specifically cited within the text of this document. 

 

450-SNUG Space Network Users' Guide (SNUG) 
https://sbir.gsfc.nasa.gov/sites/default/files/450-SNUG_V10.pdf 

DSN 820-100 Deep Space Network Service Catalog 
https://deepspace.jpl.nasa.gov/advmiss/missiondesigndocs/# 

DSN 810-005  DSN Telecommunications Link Design Handbook 
https://deepspace.jpl.nasa.gov/advmiss/missiondesigndocs/# 

453-NENUG Near Earth Network Users Guide 
https://sbir.gsfc.nasa.gov/sites/default/files/453-NENUG%20R2.pdf 

CCSDS 506.0-M-1 Delta-Differential One Way Ranging (Delta-DOR) Operations 
https://public.ccsds.org/Pubs/506x0m1.pdf 

CCSDS 901.1-M-1.  Space Communications Cross Support--Architecture 
Requirements Document 
https://public.ccsds.org/Pubs/901x1m1.pdf 

IOAG Service Catalog #2 Interagency Operations Advisory Group Service Catalog #2 
https://www.ioag.org/Public%20Documents/IOAG%20Service%20C

atalog%20Two.v1.1-Approved.pdf 

https://sbir.gsfc.nasa.gov/sites/default/files/450-SNUG_V10.pdf
https://deepspace.jpl.nasa.gov/advmiss/missiondesigndocs/%23
https://deepspace.jpl.nasa.gov/advmiss/missiondesigndocs/%23
https://sbir.gsfc.nasa.gov/sites/default/files/453-NENUG%20R2.pdf
https://public.ccsds.org/Pubs/506x0m1.pdf
https://public.ccsds.org/Pubs/901x1m1.pdf
https://www.ioag.org/Public%20Documents/IOAG%20Service%20Catalog%20Two.v1.1-Approved.pdf
https://www.ioag.org/Public%20Documents/IOAG%20Service%20Catalog%20Two.v1.1-Approved.pdf
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3.0    INTERNATIONAL COMMUNICATION SYSTEM INTEROPERABILITY STANDARDS 

3.1  GENERAL 

The goal of establishing standards and agreeing on assumptions is to maximize the 
interoperability of space vehicles, relays, and ground systems, etc. of future human 
spaceflight missions conducted as international partnerships.  The ability of 
components, systems, or vehicles delivered from multiple sources to work together as 
an effective system is important to the success of actual missions.  Such interoperability 
also enables partners to assist each other in emergency or contingency situations that 
can occur during Exploration.  Good collaboration can make technology development 
and system maturation more efficient, by sharing the lessons learned and failures that 
drive requirements.  Development of standards-based systems can also drive the costs 
to manufacture space systems lower, increasing the commercial and economic 

development potential of space and enabling more entities to participate.  Using 
standard assumptions can also make development more efficient by making tests 
conducted by one partner relevant and valid to multiple partners. 

Establishing a set of communication standards and designing it into the architecture, 
vehicles and supporting infrastructure is essential to ensure interoperability between 
communication end points to transfer data across multiple boundaries, networked 
communications and compatibility with partner assets (ground stations, relay satellites, 
etc.).  The communication systems interface extends beyond the spacecraft’s mold-line 
and an agreed to set of standards is the key to ensuring all parts of the interface “talk” 
with each other. 

3.1.1  ENGINEERING UNITS OF MEASURE 

This section clarifies nomenclature and units of measure as it pertains to space 
communication systems: 

1. Near Earth Frequency Band (also known as Near Space Frequency Band) –
Frequency bands used when space vehicle is within 2 million kilometers from Earth
as allocated by International Telecommunication Union (ITU).

2. Deep Space Frequency Band – frequency bands used when space vehicle is
beyond 2 million kilometers from Earth as allocated by ITU for space research use.

3. Bit numbering convention: the following convention is used to identify each bit in an
N-bit field. The first bit in the field to be transmitted (i.e., the most left justified when
drawing a figure) is defined to be ‘Bit 0’; the following bit is defined to be ‘Bit 1’ and
so on up to ‘Bit N-1’. When the field is used to express a binary value (such as a

counter), the Most Significant Bit (MSB) shall be the first transmitted bit of the field,
i.e., ‘Bit 0’ (see figure 1-1).
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FIGURE 3.1.1-1 BIT NUMBERING CONVENTION 

4. In accordance with standard data-communications practice, data fields are often 
grouped into 8- bit ‘words’ which conform to the above bit numbering convention - 
such an 8-bit word is called an ‘octet’. The numbering for octets within a data 
structure starts with 0. 

5. By CCSDS convention, all ‘spare’ bits shall be permanently set to ‘0’. 

3.2  INTERFACES 

The Deep Space Gateway (DSG) communication system includes the necessary 
equipment to handle all data, audio and video communications within the spacecraft 
and interfaces with the Command & Data Handling (C&DH) system as well as all other 
in-space vehicles, lunar surface vehicles, and ground communication sites.   

The terms relay, bent-pipe, and DSG-Ground are used in the interface definitions and 
standards.  For DSG, the term “Relay” is defined as forward data from other DSG 
elements /payloads on to its destination, store data if link is not available;  “Bent pipe” is 
where the header of the data is read and processed or modified, as needed, and 
(header + data) sent on to the correct user, actual user or payload data is not processed 
or modified;  “DSG-Ground” is the term used for the Earth side of the interface that 
performs the required function(s).  This could be ground station(s) (examples: Deep 
space network, near-earth network, etc.) or it could be a combination of ground 
station(s) and control center(s), etc.  The ground station(s) used could be any of the 
NASA ground stations, an international partner ground station, a commercial or other 
agency ground station or a combination of one or more available ground stations. 

The following sections describe the communication interfaces and provides the 
standards to be used to provide interoperability and compatibility. 

The standards defined for the interfaces provide for the minimum capability required to 
support interoperable communications across that interface at the physical, space data 
link, and network layers plus at some select application layers.  This allows for any 
ground station (or relay) to be able to communicate with the DSG during nominal or 
contingency operations. It is also expected that the DSG would be able to forward data 
between interfaces using either network layer routing or link layer switching. Therefore, 

if a DSG element implements an interface, then for all functions implemented on that 
interface, that element needs to, as a minimum, follow the respective standards defined 
in this document.  For example, if an element has a high rate RF link with Earth, then it 
will need to follow the standards given in 3.2.2.2.2.1.  The document is organized to 
facilitate this by defining all the requirements by function for each interface, thus making 
it “stand alone”.   

3.2.1  DESCRIPTION OF INTERFACES 
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The DSG communication system includes: 

 a DSG to Earth System that supports low rate data transfer as well as high rate 
data transfer between the DSG and Earth (direct-to-Earth or via relay);  
Standards are also provided for contingency communications link that supports 
spacecraft emergencies and contingencies.  The IOAG is currently working on 
defining the process and standards for contingency communications.  The 
contingency communications section will be finalized once the IOAG finalizes its 
recommendations.  

 a DSG to Visiting Vehicle System that supports communications and radiometric 
tracking during rendezvous and proximity operations between the DSG and a 
visiting vehicle (VV);  

 a DSG to Lunar Surface system that provides communications between the 
DSG and Lunar surface assets (direct link or via a relay);  

 a Proximity communication system to provide core communications between 
Extravehicular activity (EVA) and DSG; 

 a DSG Wireless communication system to support high rate communications 
between the Intra-vehicular activity (IVA), Extra-vehicular activity (EVA) and any 
other free flyers. 

The standards for audio and video communications between DSG and endpoints as 
well as within DSG elements are defined in this document.  There are hardline 
interfaces between the attached elements to allow data transfer (including audio and 
video) between the elements and this hardline interface is further defined in the 
International Avionic System Interoperability Standards (IASIS), and not covered in this 
document.   

The DSG Communication interfaces are shown in Figure 3.2.1.  As noted before, the 
DSG – Earth link could be a direct link or via a relay.  Similarly, the DSG- Surface link 
could be a direct link or via a relay. 

The detailed breakdown of data transferred between the DSG and Earth and between 
DSG and a visiting vehicle is given in Appendix D.  Similar data would be transferred 
between the DSG and Lunar surface vehicles; EVA and other free-flyers.  Functional 
data flow between the elements for a generic cislunar/planetary mission is given in 
Appendix E. 
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FIGURE 3.2-1 DEEP SPACE GATEWAY COMMUNICATION INTERFACES 

3.2.2  INTERFACE STANDARDS 

3.2.2.1  GENERAL 

This section has communication interoperability requirements common to all DSG links. 

3.2.2.1.1  SPECTRUM 

Comm-1: DSG shall comply with radio frequency selection as defined in 
Recommendation SFCG 32-2R1, Communication Frequency Allocations 
and Sharing in the Lunar Region. 

Rationale: Compliance with the Space Frequency Coordination Group 
recommendation on frequency use for the lunar region.   

Comm-2: DSG shall comply with radio frequency allocation and conditions of 
assignment for frequency spectrum usage approved by the International 
Telecommunication Union (ITU) and respective ISS international partners’ 
national spectrum usage regulations. 

Rationale: Allocations of spectrum and constraints of its use is governed by 
each international partner’s national regulations.  For example, there is a 
European Regulation for allocated frequency selection and spectrum use 
(ERC Report 25) dictated by the ECC & CEPT from Europe.  Allocations of 
frequency spectrum for U.S. Government systems, including NASA, are 
managed by the National Telecommunications and Information 
Administration (NTIA). 

https://www.sfcgonline.org/Resources/recommendations/default.aspx
https://www.itu.int/en/Pages/default.aspx
https://www.ntia.doc.gov/category/spectrum-management
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3.2.2.1.2  AUDIO 

DSG audio communications will be used by the crew while on-board the DSG, during 
EVAs. Discussions with DSG-Ground, and personal communications with family and 
medical personnel.  The requirements below are the minimum requirements to support 
interoperable audio communications.   

Comm-3: DSG shall comply with Voice and Audio Communications, CCSDS 766.2-B-
1 for all voice and audio exchanges. 

Rationale:  Crew on DSG will need voice and audio communications with 

DSG-Ground, Orion, Lunar assets, EVAs, etc. and having interoperable 
communications between them is essential to save cost, complexity and 
size weight and power. 

Comm-4: DSG audio system shall be tested in accordance with ANSI S3.2 “Method 
for Measuring the Intelligibility of Speech over Communication Systems” for 
subjective speech intelligibility.  

Rationale:  DSG audio system needs to meet the intelligibility requirements 

to ensure that the audio and voice of different speakers over the system is 
comprehensible under different conditions. 

Comm-5: DSG audio system shall be tested in accordance with ITU P.863 
“Perceptual objective listening quality assessment”, International standard 
for objective testing for speech quality.  

Rationale:  DSG audio system needs to meet the “speech quality” 
requirements to ensure system maintains a certain subjective quality or 
acceptability under different conditions. 

3.2.2.1.3  VIDEO 

DSG’s video will be sent across multiple links for the purposes of engineering, science 
and public awareness.  The crew will also use the video interface for personal 
communications with family and medical personnel.  To ensure interoperability over 
these multiple interfaces and display conditions, DSG’s video formats, interfaces, 
encapsulation, and transmission protocols need to be consistent with CCSDS 766.1-B-2 
where practical depending on interoperability with avionics, human system interfaces, 
and other areas where video interoperates with other systems.  

Comm-6: DSG shall comply with interface standards for compressed and non-

compressed television signals specifically referenced in Digital Motion 
Imagery, CCSDS 766.1-B-2.  

Rationale:  DSG elements are likely to have camera and video systems 
from multiple sources that need to be interoperable.  The CCSDS standard 
has already been agreed upon by multiple agencies and references video 
industry standards. 

https://public.ccsds.org/Pubs/766x2b1.pdf
https://public.ccsds.org/Pubs/766x2b1.pdf
https://www.itu.int/rec/T-REC-P.863-201409-I
https://www.itu.int/rec/T-REC-P.863-201409-I
https://public.ccsds.org/Pubs/766x1b2.pdf
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Comm-7: DSG shall acquire and distribute multiple resolutions and frame rates 
consistent with CCSDS 766.1-B-2.  

Rationale:  DSG elements video system will need to be scalable to support 
multiple operational scenarios where bandwidth is limited or communication 

links are limited.  The CCSDS standard has already been agreed upon by 
multiple agencies and references multiple video resolutions and frame rates. 

Comm-8: DSG shall provide compressed video signals with encapsulation and 
internet protocol transmission consistent with CCSDS 766.1-B-2.  

Rationale:  Uncompressed video far exceeds the bandwidth available 
between space craft and from space craft to ground via real-time 
communication links, therefore video will need to be compressed.  

Compressed video will need to be encapsulated for routing between space 

craft elements and to the ground.  The CCSDS standard has already been 
agreed upon by multiple agencies and references multiple options for 
compression, encapsulation, and transmission, including DTN. 

Comm-9: DSG should (TBD-7) provide metadata with imagery consistent with the 
protocols outlined in NASA STD 2822 where practical depending on 
interoperability with other systems.  

Rationale:  Data such as timing, camera location, and azimuth will be critical 
for monitoring operations, health and status of space craft and crew.  The 
NASA Standard for imagery metadata references specific fields of data from 

NIST standards.  CCSDS is working on a red book CCSDS red book 876.1-
R-x, “XML Specification For Electronic Data Sheets” which should cover 
metadata.  Once this standard gets approved and agreed to implementation 
by the international partners, the above requirement will be updated. 

3.2.2.2  DSG – EARTH COMMUNICATION LINKS 

The subsections below contain the communication standards specific to the DSG to 
Earth Links.  The standards are selected to maximize interoperability/compatibility with 
the different ground networks/stations (including NASA, International partners, 
commercial, etc.).   

3.2.2.2.1  COMMAND AND TELEMETRY COMMUNICATION LINKS 

The communications link between DSG to Earth is used for sending: 

1. commands, configuration updates, GNC state information, file uploads, audio, 
video, etc., from Earth to DSG; and  

2. health and status data, engineering/science data, file downloads, audio, video, 
etc. from DSG to Earth.   

Detailed list of data transferred between DSG and Earth during crewed and un-crewed 
operations of the DSG is given in Appendix D.  This communication link uses X-band for 
uplink and downlink. 

https://public.ccsds.org/Pubs/766x1b2.pdf
https://public.ccsds.org/Pubs/766x1b2.pdf
https://standards.nasa.gov/standard/nasa/nasa-std-2822
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The rationale for selecting X-band is: 

a. scalability to Mars and other deep space destinations; 

b. power efficiency compared to S-band; 

c. ability to handle higher data rates than S-band (its spectrum allocation allows for 
higher data rates than S-band); the bandwidth limitations on X-band is 10MHz 
(data rate is dependent on the modulation used (example 10Mbps for QPSK)). 

d. better trade with antenna size/gain 

e. supports radiometric tracking;  

f. ground stations support both uplink and downlink (Ka-band uplink currently not 
supported by NASA or partners); 

g. availability of space heritage, mature technology. 

The summary of the standards for the Command and Telemetry link is given in Table 
3.2.2.2-1. 

TABLE 3.2.2.2-1 SUMMARY OF STANDARDS FOR DSG COMMAND AND TELEMETRY LINK 

 Frequency 

Bands1 

Modulation2 Coding3  Space Data 

Link Protocol 

Space Data 

Link Security  

Ranging 

Earth to DSG 

Nominal:       

< 10 Msps 

 

7190-7235 
MHz 

 
PCM/PM/NRZ-L 

- Modulation on 
residual carrier 

 

 
LDPC3, 6: 

 Coding rates:  
- 1/2, 

2/3, 
4/5, 

7/8 

 Codeblock size: 
- 2048 octets (for 

rates 1/2, 
2/3, 

4/5,) 

- 1020 octets (for 

rate 7/8)  

 
AOS4, USLP5 

 AOS frame 
size: 
- 2048 octets 

and 64 bit 
ASM (for 

rates 1/2, 

2/3, 
4/5,) 

- 1020 octets 
and 32 bit 
ASM (for 

rate 7/8) 

 

 

CCSDS 
Space Data 
Link Security 
Protocol8 

 
CCSDS PN7 

 Non-
regenerative. 

 Ranging chip 
rate:  ≤ 4 Mcps. 

Simultaneous 
data and PN 
ranging for both 
modulation 
options. 

 

DSG to Earth 
Nominal:       
< 4 Msps 

 

8450-8500 
MHz 

 
PCM/PM/NRZ-L 

- Modulation on 
residual carrier 

 

 
LDPC3,6: 

 Coding rates:  

- 1/2, 
2/3, 

4/5, 
7/8 

 Codeblock size: 
- 2048 octets (for 

rates 1/2, 
2/3, 

4/5,) 

- 1020 octets (for 

rate 7/8)  

 
AOS4, USLP5 

 AOS frame 
size: 
- 2048 octets 

and 64 bit 
ASM (for 

rates 1/2, 

2/3, 
4/5,) 

- 1020 octets 
and 32 bit 
ASM (for 

rate 7/8) 

 

 
CCSDS 
Space Data 
Link Security 
Protocol8 

 

 
CCSDS PN7 

 Non-
regenerative. 

 Ranging chip 
rate:  ≤ 4 Mcps. 

Simultaneous 
data and PN 
ranging for both 
modulation 
options. 

1. SFCG 32-2R1 Communication Frequency Allocations and Sharing in the Lunar Region. 
2. CCSDS 401.0-B-27 Radio Frequency and Modulation Systems--Part 1: Earth Stations and Spacecraft. Blue Book. 
3. CCSDS 131.0-B-3 TM Synchronization and Channel Coding. Blue Book.  
4. CCSDS 732.0-B-3 AOS Space Data Link Protocol. Blue Book.  
5. CCSDS 732.1-R-3.1 Unified Space Data Link Protocol. Red Book. November 2017, currently undergoing publication. 
6. CCSDS (TBD Reference) Coding & Synchronization Sub-layer High Rate Uplink Protocol for AOS & USLP. 

https://public.ccsds.org/Pubs/131x0b3.pdf
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7. CCSDS 414.1-B-2 Pseudo-Noise (PN) Ranging Systems. Blue Book. 
8. CCSDS 355.0-B-1 Space Data Link Security Protocol. Blue Book. 

 

3.2.2.2.1.1  FREQUENCY 

Comm-10: DSG shall use 8450-8500 MHz (X-band) frequency band to transmit signals 
to DSG-Ground (Earth) on the Command and Telemetry link. 

Rationale: Use of near-Earth X-band is compliant with ITU and 
CCSDS/SFCG recommendations.  X-band is used for TT&C links since its 

allocation allows for data rates up to 10 Mbps (using QPSK modulation) 
from DSG to Earth. 

Comm-11: DSG-Ground shall use 8450-8500 MHz (X-band) frequency band to receive 
signals from DSG on the Command and Telemetry link. 

Rationale: Use of near-Earth X-band is compliant with ITU and 
CCSDS/SFCG recommendations.  X-band is used for TT&C links since its 

allocation allows for data rates up to 10 Mbps (using QPSK modulation) 
from DSG to Earth 

Comm-12: DSG shall use 7190-7235 MHz (X-band) frequency band to receive signals 
from DSG-Ground (Earth) on the Command and Telemetry link. 

Rationale: Use of near-Earth X-band is compliant with ITU and 
CCSDS/SFCG recommendations.  X-band is used for TT&C links since its 
allocation allows for data rates up to 1 Mbps from Earth to DSG. 

Comm-13: DSG-Ground shall use 7190-7235 MHz (X-band) frequency band to transmit 
signals to DSG on the Command and Telemetry link. 

Rationale: Use of near-Earth X-band is compliant with ITU and 
CCSDS/SFCG recommendations.  X-band is used for TT&C links since its 
allocation allows for data rates up to 1 Mbps from Earth to DSG. 

Comm-14: DSG shall use 7190-7235 MHz (X-band) frequency band to receive signals 
from DSG-Ground on the Command and Telemetry link. 

Rationale: Use of near-Earth X-band is compliant with ITU and 

CCSDS/SFCG recommendations.  X-band is used for TT&C links since its 
allocation allows for data rates up to 1 Mbps from Earth to DSG. 

3.2.2.2.1.2  MODULATION ON THE COMMAND AND TELEMETRY LINK 

Comm-15: DSG shall implement BPSK and OQPSK modulation schemes as described 
in Radio Frequency and Modulation Systems--Part 1: Earth Stations and 
Spacecraft, Section 2, CCSDS 401.0-B-27. 

Rationale: BPSK is selected because of the need for providing ranging.  
OQPSK is bandwidth efficient. 

Comm-16: DSG shall implement PCM/PM/NRZ-L with modulation on residual carrier to 
transmit signals to DSG-Ground as described in Radio Frequency and 

https://public.ccsds.org/Pubs/401x0b27.pdf
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Modulation Systems--Part 1: Earth Stations and Spacecraft, Section 2, 
CCSDS 401.0-B-27, on the Command and Telemetry link. 

Rationale: PCM/PM/NRZ-L with modulation on residual carrier provides 
interoperability between DSG and NASA/IP/etc. ground stations, provides 

spectrum efficiency and meets spectrum constraints imposed by SFCG and 
NTIA. 

Comm-17: DSG-Ground shall implement PCM/PM/NRZ-L with modulation on residual 
carrier signals to receive signals from DSG as described in Radio 
Frequency and Modulation Systems--Part 1: Earth Stations and Spacecraft, 
Section 2, CCSDS 401.0-B-27, on the Command and Telemetry link. 

Rationale: PCM/PM/NRZ-L with modulation on residual carrier provides 

interoperability between DSG and NASA/IP/etc. ground stations, provides 

spectrum efficiency and meets spectrum constraints imposed by SFCG and 
NTIA. 

Comm-18: DSG-Ground shall implement PCM/PM/NRZ-L with modulation on sub-
carrier to transmit signals to DSG as described in Radio Frequency and 

Modulation Systems--Part 1: Earth Stations and Spacecraft, Section 2, 
CCSDS 401.0-B-27, on the Command and Telemetry link. 

Rationale: PCM/PM/NRZ-L with modulation on sub-carrier provides 
interoperability between DSG and NASA/IP/etc. ground stations, provides 
spectrum efficiency and meets spectrum constraints imposed by SFCG and 
NTIA. 

Comm-19: DSG shall implement PCM/PM/NRZ-L with modulation on sub-carrier 
signals to receive signals from DSG-Ground as described in Radio 

Frequency and Modulation Systems--Part 1: Earth Stations and Spacecraft, 
Section 2, CCSDS 401.0-B-27, on the Command and Telemetry link. 

Rationale: PCM/PM/NRZ-L with modulation on sub-carrier provides 
interoperability between DSG and NASA/IP/etc. ground stations, provides 
spectrum efficiency and meets spectrum constraints imposed by SFCG and 
NTIA. 

3.2.2.2.1.3  CODING AND SYNCHRONIZATION ON THE COMMAND AND TELEMETRY 

LINK 

Comm-20: DSG shall be able to enable or disable forward error correction (FEC) to 

support contingency operations with DSG-Ground on the Command and 
Telemetry link 

Rationale: DSG needs to able to enable or disable FEC to support 
contingency and other operational scenarios. 

Comm-21: DSG-Ground shall be able to enable or disable forward error correction 
(FEC) to support contingency operations with DSG on the Command and 
Telemetry link 

https://public.ccsds.org/Pubs/401x0b27.pdf
https://public.ccsds.org/Pubs/401x0b27.pdf
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Rationale: DSG needs to able to enable or disable FEC to support 
contingency and other operational scenarios. 

Comm-22: DSG shall use CCSDS Low Density Parity Codes, rate ½, rate 2/3, rate 4/5, 
or rate 7/8 for encoding data to DSG-Ground as defined in Section 7, TM 
Synchronization and Channel Coding, CCSDS 131.0-B-3, on the Command 
and Telemetry link. 

Rationale: Coding gain provided by LDPC codes is ~2dB more than that 
provided by concatenated Reed-Solomon/convolutional codes.   Can 
implement one, two, three or all four of the above LDPC codes based on 
data rates and other system needs/constraints. 

Comm-23: DSG-Ground shall use CCSDS Low Density Parity Codes, rate ½, rate 2/3, 
rate 4/5, and rate 7/8 for decoding data from DSG as defined in Section 7, TM 

Synchronization and Channel Coding. CCSDS 131.0-B-3, on the Command 
and Telemetry link. 

Rationale: Coding gain provided by LDPC codes is ~2dB more than that 
provided by concatenated Reed-Solomon/convolutional codes.    

Comm-24: DSG-Ground shall use CCSDS Low Density Parity Codes, rate ½, rate 2/3, 
rate 4/5, and rate 7/8 for encoding data to DSG as defined in Section 7, TM 
Synchronization and Channel Coding CCSDS 131.0-B-3, on the Command 
and Telemetry link. 

Rationale: Coding gain provided by LDPC codes is ~2dB more than that 
provided by concatenated Reed-Solomon/convolutional codes.    

Note: Forward error correction (FEC) codes defined in CCSDS 131.0-B-3 TM 

Synchronization and Channel Coding Blue book are currently only applicable to spacecraft-

to-Earth links.  However, in view of the symmetric property of the AOS space data link 

protocol, the CCSDS LDPC code can be applied to the AOS frames over DSG-to-Earth 

link.  In order to reduce the burden on the links, we are using it over DSG-Ground-to-DSG 

links. 

Comm-25: DSG shall use CCSDS Low Density Parity Codes, rate ½, rate 2/3, rate 4/5, or 
rate 7/8 for decoding data from DSG-Ground as defined in Section 7, TM 
Synchronization and Channel Coding CCSDS 131.0-B-3, on the Command 
and Telemetry link.  

Rationale: Coding gain provided by LDPC codes is ~2dB more than that 
provided by concatenated Reed-Solomon/convolutional codes. Can 
implement one, two, three or all four of the above LDPC codes based on 
data rates and other system needs/constraints. 

Comm-26: DSG shall apply the Attached Sync Marker (ASM) defined in Section 9, TM 

Synchronization and Channel Coding CCSDS 131.0-B-3, to transmitted 
frames to DSG-Ground per Table 3.2.2.2-2 on the Command and Telemetry 
link. 

https://public.ccsds.org/Pubs/131x0b3.pdf
https://public.ccsds.org/Pubs/131x0b3e1.pdf
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Rationale: Use of the 64-bit CCSDS frame sync pattern identified as ASM 
for rate ½, rate 2/3, or rate 4/5 and the 32-bit CCSDS frame sync pattern 
identified for rate 7/8 LDPC Coded Data provides the receiver the ability to 
synchronize at the start of a FEC code block frame and will ensure 
interoperability between DSG and NASA/IP ground stations.  Using the 

same 64 bit/32 bit ASM for non-FEC coded block frames will maintain a 
common frame structure for all coded and uncoded frames, which will 
reduce Program implementation complexity and costs. 

Comm-27: DSG-Ground shall use the Attached Sync Marker (ASM) defined in Section 
9, TM Synchronization and Channel Coding CCSDS 131.0-B-3, for 
synchronization of received frames from DSG per Table 3.2.2.2-2 on the 
Command and Telemetry link. 

Rationale: Use of the 64-bit CCSDS frame sync pattern identified as ASM 

for rate ½, rate 2/3, or rate 4/5 and the 32-bit CCSDS frame sync pattern 
identified for rate 7/8 LDPC Coded Data provides the receiver the ability to 

synchronize at the start of a FEC code block frame and will ensure 
interoperability between DSG and NASA/IP ground stations.  Using the 
same 64 bit/32 bit ASM for non-FEC coded block frames will maintain a 

common frame structure for all coded and uncoded frames, which will 
reduce Program implementation complexity and costs. 

 

TABLE 3.2.2.2-2 ASM MARKER FOR SELECTED LDPC CODES 

 Rate ½ LDPC Code Rate 2/3 LDPC Code Rate 4/5  LDPC Code Rate 7/8  LDPC Code 

ASM Length  64 bits 64 bits 64 bits 32 bits 

ASM Pattern (hex) 034776C7272895B0 034776C7272895B0 034776C7272895B0 1ACFFC1D 

 

Comm-28: DSG-Ground shall apply the Attached Sync Marker (ASM) defined in 
Section 9, TM Synchronization and Channel Coding CCSDS 131.0-B-3, to 
transmitted frames to DSG per Table 3.2.2.2-2 on the Command and 
Telemetry link. 

Rationale: Use of the 64-bit CCSDS frame sync pattern identified as ASM 

for rate ½, rate 2/3, or rate 4/5 and the 32-bit CCSDS frame sync pattern 
identified for rate 7/8 LDPC Coded Data provides the receiver the ability to 
synchronize at the start of a FEC code block frame and will ensure 
interoperability between DSG and NASA/IP ground stations.  Using the 

same 64 bit/32 bit ASM for non-FEC coded block frames will maintain a 
common frame structure for all coded and uncoded frames, which will 
reduce Program implementation complexity and costs. 

https://public.ccsds.org/Pubs/131x0b3e1.pdf
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Comm-29: DSG shall use the Attached Sync Marker (ASM) defined in Section 9, TM 
Synchronization and Channel Coding CCSDS 131.0-B-3, for 
synchronization of received frames from DSG-Ground per Table 3.2.2.2-2 
on the Command and Telemetry link. 

Rationale: Use of the 64-bit CCSDS frame sync pattern identified as ASM 
for rate ½, rate 2/3, or rate 4/5 and the 32-bit CCSDS frame sync pattern 
identified for rate 7/8 LDPC Coded Data provides the receiver the ability to 

synchronize at the start of a FEC code block frame and will ensure 
interoperability between DSG and NASA/IP ground stations.  Using the 
same 64 bit/32 bit ASM for non-FEC coded block frames will maintain a 

common frame structure for all coded and uncoded frames, which will 
reduce Program implementation complexity and costs. 

Comm-30: DSG shall use bit randomization techniques in accordance with CCSDS 
131.0-B-3 for randomization of transmitted data streams to DSG-Ground on 
the Command and Telemetry link. 

Rationale: Use of bit randomization techniques as specified in CCSDS 
131.0-B-2 will ensure the proper bit synchronization process and 
interoperability between DSG and NASA/IP ground stations 

Comm-31: DSG-Ground shall use bit derandomization techniques in accordance with 
CCSDS 131.0-B-3 for derandomization of received data streams from DSG 
on the Command and Telemetry link. 

Rationale: Use of bit derandomization techniques as specified in CCSDS 
131.0-B-2 will ensure the proper bit synchronization process and 
interoperability between DSG and NASA/IP ground stations. 

Comm-32: DSG-Ground shall use bit randomization techniques in accordance with 
CCSDS 131.0-B-3 for randomization of transmitted data streams to DSG on 
the Command and Telemetry link. 

Rationale: Use of bit randomization techniques as specified in CCSDS 
131.0-B-2 will ensure the proper bit synchronization process and 
interoperability between DSG and NASA/IP ground stations 

Comm-33: DSG shall use bit derandomization techniques in accordance with CCSDS 
131.0-B-3 for derandomization of received data streams from DSG-Ground 
on the Command and Telemetry link. 

Rationale: Use of bit derandomization techniques as specified in CCSDS 
131.0-B-2 will ensure the proper bit synchronization process and 
interoperability between DSG and NASA/IP ground stations. 

Comm-34: DSG shall use Non-Return-to-Zero-Level (NRZ-L) encoding for transmission 
of data streams to DSG-Ground on the Command and Telemetry link. 

Rationale: NRZ-L is required to allow LDPC FEC codes to operate at 
maximum efficiency, producing the highest possible amount of coding gain.  

https://public.ccsds.org/Pubs/131x0b3e1.pdf
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NRZ-L symbol L format encoding has better Eb/No performance than 
differential symbol format encoding like Non-Return-to-Zero-Mark (NRZ-M). 

Phase ambiguity resolution will be resolved by using a frame Attached Sync 
Marker (ASM) rather than using differential encoding like NRZ-M. 

Comm-35: DSG-Ground shall use Non-Return-to-Zero-Level (NRZ-L) encoding for 
transmission of data streams to DSG on the Command and Telemetry link. 

Rationale: NRZ-L is required to allow LDPC FEC codes to operate at 
maximum efficiency, producing the highest possible amount of coding gain.  
NRZ-L symbol L format encoding has better Eb/No performance than 

differential symbol format encoding like Non-Return-to-Zero-Mark (NRZ-M). 
Phase ambiguity resolution will be resolved by using a frame Attached Sync 
Marker (ASM) rather than using differential encoding like NRZ-M. 

Comm-36: DSG shall use the ASM for resolution of symbol phase ambiguity of 
received data streams from DSG-Ground on the Command and Telemetry 
link. 

Rationale: Phase ambiguity resolution will be resolved by using a frame 

ASM rather than using differential symbol format encoding like Non-Return-
to-Zero-Mark (NRZ-M) since NRZ-L is needed to allow LDPC FEC codes to 
operate at maximum efficiency.  NRZ-L also has better Eb/No performance 
than differential encoding like NRZ-M. 

Comm-37: DSG-Ground shall use the ASM for resolution of symbol phase ambiguity of 
received data streams from DSG on the Command and Telemetry link. 

Rationale: Phase ambiguity resolution will be resolved by using a frame 

ASM rather than using differential symbol format encoding like Non-Return-

to-Zero-Mark (NRZ-M) since NRZ-L is needed to allow LDPC FEC codes to 
operate at maximum efficiency.  NRZ-L also has better Eb/No performance 
than differential encoding like NRZ-M. 

3.2.2.2.1.4  RANGING ON THE COMMAND AND TELEMETRY LINK 

Comm-38: DSG shall support radiometric tracking (PN ranging) as defined in Pseudo-
Noise (PN) Ranging Systems, CCSDS 414.1-B-2 on the Command and 
Telemetry link. 

Rationale: DSG needs to support radiometric tracking/ranging to support 
GN&C since there are currently no “GPS” like capabilities.  Note: NASA-

DSN will only support CCSDS PN ranging using k & l parameter values that 
equate to < 4 Mchips/sec. DSN currently does its own version of PN ranging 
that is not CCSDS-compliant. DSN does have a requirement to upgrade to 
CCSDS PN ranging in their baseline but haven’t determined when the 
upgrade will be implemented. Requiring DSG to implement CCSDS PN 
Ranging for interoperability gives DSN a mission-driven date. 

https://public.ccsds.org/Pubs/414x1b2.pdf
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Comm-39: DSG shall use non-regenerative ranging with DSG-Ground using a PN chip 
rate of 4 ≤ Mcps as defined in Pseudo-Noise (PN) Ranging Systems, 
CCSDS 414.1-B-2 on the Command and Telemetry link. 

Rationale: DSG needs to support radiometric tracking/ranging to support 

GN&C since there are currently no “GPS” like capabilities.  The ranging 
mode selected provides for simultaneous data with ranging. Note: NASA-
DSN will only support CCSDS PN ranging using k & l parameter values that 
equate to < 4 Mchips/sec. DSN currently does its own version of PN ranging 
that is not CCSDS-compliant. DSN does have a requirement to upgrade to 
CCSDS PN ranging in their baseline but haven’t determined when the 
upgrade will be implemented. Requiring DSG to implement CCSDS PN 
Ranging for interoperability gives DSN a mission-driven date. 

Comm-40: DSG-Ground shall use non-regenerative ranging with a chip rate of ≤ 4 
Mcps with DSG to provide radiometric tracking (PN ranging) as defined in 
Pseudo-Noise (PN) Ranging Systems, CCSDS 414.1-B-2 on the Command 
and Telemetry link. 

Rationale: DSG needs to support radiometric tracking/ranging to support 

GN&C since there are currently no “GPS” like capabilities.  The ranging 
mode selected provides for simultaneous data with ranging. Note: NASA-
DSN will only support CCSDS PN ranging using k & l parameter values that 
equate to < 4 Mchips/sec. DSN currently does its own version of PN ranging 
that is not CCSDS-compliant. DSN does have a requirement to upgrade to 
CCSDS PN ranging in their baseline but haven’t determined when the 
upgrade will be implemented. Requiring DSG to implement CCSDS PN 
Ranging for interoperability gives DSN a mission-driven date. 

Comm-41: DSG shall use Tracking Data Message to support tracking as defined in 
Tracking Data Message. CCSDS 503.0-B-1 on the Command and 
Telemetry link. 

Rationale: This is the standard for radiometric data formats. It is relevant to 
the ground station-to-user MOC interface. 

Comm-42: DSG shall use Delta-DOR Raw data exchange format (TBR-2) as defined in 
CCSDS 506.1-B-1, Delta-DOR Raw Data Exchange Format to exchange 
radiometric data with DSG-Ground on the Command and Telemetry link. 

Rationale: DSG needs to support radiometric tracking/ranging to support 

GN&C since there are currently no “GPS” like capabilities.  Note: NASA-

DSN will only support CCSDS PN ranging using k & l parameter values that 
equate to < 4 Mchips/sec. DSN currently does its own version of PN ranging 
that is not CCSDS-compliant. DSN does have a requirement to upgrade to 

CCSDS PN ranging in their baseline but haven’t determined when the 
upgrade will be implemented. Requiring DSG to implement CCSDS PN 
Ranging for interoperability gives DSN a mission-driven date. 

https://public.ccsds.org/Pubs/414x1b2.pdf
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3.2.2.2.1.5  DATA LINK LAYER FRAMING ON THE COMMAND AND TELEMETRY LINK 

Comm-43: DSG shall transmit data streams to DSG-Ground using data link framing as 
defined in CCSDS Advanced Orbiting Systems (AOS) Space Data Link 
Protocol, CCSDS 732.0-B-3 on the Command and Telemetry link. 

Rationale: CCSDS 732.0-B-3 provides the structure for frame construction.  
Need to follow this standard to ensure interoperability between DSG and 
NASA/IP ground stations.   

NOTE: CCSDS is working to baseline the Unified Space Link Protocol 
(USLP).  Once the USLP blue book is baselined and all partners agree to 
implement it, the above standard (CCSDS 732.0-B-3) will be updated with 
the USLP blue book. 

Comm-44: DSG-Ground shall receive data streams from DSG using data link framing 
as defined in CCSDS Advanced Orbiting Systems (AOS) Space Data Link 
Protocol, CCSDS 732.0-B-3 on the Command and Telemetry link. 

Rationale: CCSDS 732.0-B-3 provides the structure for frame construction.  

Need to follow this standard to ensure interoperability between DSG and 
NASA/IP ground stations.   

NOTE: CCSDS is working to baseline the Unified Space Link Protocol 
(USLP).  Once the USLP blue book is baselined and all partners agree to 
implement it, this standard will be updated with the USLP blue book. 

Comm-45: DSG-Ground shall transmit data streams to DSG using data link framing as 
defined in CCSDS Advanced Orbiting Systems (AOS) Space Data Link 
Protocol, CCSDS 732.0-B-3 on the Command and Telemetry link. 

Rationale: CCSDS 732.0-B-3 provides the structure for frame construction.  

Need to follow this standard to ensure interoperability between DSG and 
NASA/IP ground stations.   

NOTE: CCSDS is working to baseline the Unified Space Link Protocol 
(USLP).  Once the USLP blue book is baselined and all partners agree to 
implement it, the above standard (CCSDS 732.0-B-3) will be updated with 
the USLP blue book. 

Comm-46: DSG shall receive data streams from DSG-Ground using data link framing 
as defined in CCSDS Advanced Orbiting Systems (AOS) Space Data Link 
Protocol, CCSDS 732.0-B-3 on the Command and Telemetry link. 

Rationale: CCSDS 732.0-B-3 provides the structure for frame construction.  

Need to follow this standard to ensure interoperability between DSG and 
NASA/IP ground stations.   

NOTE: CCSDS is working to baseline the Unified Space Link Protocol 
(USLP).  Once the USLP blue book is baselined and all partners agree to 
implement it, this standard will be updated with the USLP blue book. 

https://public.ccsds.org/Pubs/732x0b3.pdf
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3.2.2.2.1.6  NETWORK LAYERS AND ABOVE ON THE COMMAND AND TELEMETRY LINK 

The sub-sections below address the standards for the layers of the protocol stack at the 
network layer and above, as illustrated in Figure 3.  DSG will transmit and receive data 
using network-based applications, with some exceptions for contingency operations. 
These applications will use either DTN or IP protocols to allow communications over the 
data link layer options described above and over multiple hops.  

 

FIGURE 3.2-2 PROTOCOL STACK – OPTIONS 

This document currently does not include any terrestrial interfaces in support of DTN 
and IP – this is part of the forward work defined in Section 4.0. The CCSDS Space 
Communications Cross Support--Architecture Requirements Document (CCSDS 901.1-
M-1.) provides a reference for that topic. A particular element may not need to 
implement all the applications listed in the following sections to support its mission 
objectives.  However, for any applications in these sections that the element 
implements, it needs to follow the standards called out in the respective sections. 

3.2.2.2.1.6.1  NETWORK LAYER  

Comm-47: DSG shall transmit and receive data streams using the CCSDS 
Encapsulation Service as defined in CCSDS 133.1-B-2  when 
communicating over CCSDS Data Link Layer Protocols with DSG-Ground 
on the Command and Telemetry link. 

Rationale: CCSDS Data Link Layers are designed to carry either CCSDS 

Space Packets or Encapsulation Packets. The Encapsulation Service 
provides the compatibility between the higher layer data units and the 
CCSDS Data Link Layers. 

Comm-48: DSG-Ground shall transmit and receive data streams using the CCSDS 
Encapsulation Service as defined in CCSDS 133.1-B-2  when 

https://public.ccsds.org/Pubs/133x1b2c2.pdf
https://public.ccsds.org/Pubs/133x1b2c2.pdf
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communicating over CCSDS Data Link Layer Protocols with DSG on the 
Command and Telemetry link. 

Rationale: CCSDS Data Link Layers are designed to carry either CCSDS 
Space Packets or Encapsulation Packets. The Encapsulation Service 

provides the compatibility between the higher layer data units and the 
CCSDS Data Link Layers. 

Comm-49: DSG shall transmit and receive IP packets using the CCSDS IP over 
CCSDS standard CCSDS 702.1-B-1 when using IP packets over CCSDS 
Data Link Layers with DSG-Ground on the Command and Telemetry link. 

Rationale: This allows IP packet use interoperability over CCSDS links. 

Comm-50: DSG –Ground shall transmit and receive IP packets using the CCSDS IP 

over CCSDS standard CCSDS 702.1-B-1 when using IP packets over 
CCSDS Data Link Layers with DSG on the Command and Telemetry link. 

Rationale: This allows IP packet use interoperability over CCSDS links 

Comm-51: DSG shall use IP as specified in IPv4 (RFC 791) or IPv6 (RFC 8200) (TBR-16) 
as a network layer with DSG-Ground on the Command and Telemetry link.  

Rationale: IP provides for network layer services over interfaces that have 
low delay (under 5 sec (TBD)) and an expectation of real time end-to-end 
connectivity. Use of IP allows for maximum leverage of terrestrial 

networking developments under appropriate circumstances. IPv4-based 
technology is widely available in the commercial market.  IPv6-only stack 
provides advantages such as increased security and more efficient 
routing.  IPv6 technology is not as readily available. 

Comm-52: DSG-Ground shall use IP as specified in IPv4 (RFC 791) or IPv6 (RFC 8200) 

(TBR-16) as a network layer with DSG on the Command and Telemetry link.  

Rationale: IP provides for network layer services over interfaces that have 

low delay (under 5 sec (TBD)) and an expectation of real time end-to-end 
connectivity. Use of IP allows for maximum leverage of terrestrial 
networking developments under appropriate circumstances.  IPv4-based 
technology is widely available in the commercial market.  IPv6-only stack 
provides advantages such as increased security and more efficient 
routing.  IPv6 technology is not as readily available. 

3.2.2.2.1.6.2  TRANSPORT LAYER 

Comm-53: DSG shall (TBR-7) implement Licklider Transmission Protocol (LTP) as 
specified in CCSDS Licklider Transmission Protocol for CCSDS, CCSDS 
734.1-B-1 on the Command and Telemetry link. 

Rationale: LTP is a reliable point-to-point transport protocol, over which the 
Bundle Protocols will run.  LTP is not expected to be used for all links, but 
was designed for long-haul links with high delay. 

https://public.ccsds.org/Pubs/702x1b1c1.pdf
https://public.ccsds.org/Pubs/702x1b1c1.pdf
https://tools.ietf.org/html/rfc791
https://tools.ietf.org/html/rfc8200
https://tools.ietf.org/html/rfc791
https://tools.ietf.org/html/rfc8200
https://public.ccsds.org/Pubs/734x1b1.pdf
https://public.ccsds.org/Pubs/734x1b1.pdf
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Comm-54: DSG shall implement Transmission Control Protocol (TCP) as specified in 
RFC 793 on the Command and Telemetry link. 

Rationale: TCP is a reliable transport protocol for use on IP networks. 

Comm-55: DSG shall implement User Datagram Protocol (UDP) as specified in RFC 
768 on the Command and Telemetry link. 

Rationale: UDP provides best effort transport protocol for use on IP 
networks. 

3.2.2.2.1.6.3  BUNDLE AND BUNDLE CONVERGENCE LAYER 

Comm-56: DSG shall implement Delay Tolerant Networking Bundle Protocol as 
specified in CCSDS Bundle Protocol Specification, CCSDS 734.2-B-1 on 
the Command and Telemetry link. 

Rationale: Provide lunar network and inter-planetary network functionality, 
e.g., network addressing, routing, and QoS management, in end-to-end 
communications environment of intermittent connectivity.  When functioning 

as a relay, the DSG must have the capability to multiplex/demultiplex 
capability to deal with multiple data streams from multiple sources over 
heterogeneous links. 

Comm-57: DSG should (TBR-18) implement the CCSDS standard “Streamlined 
Bundle Security Protocol” (DRAFT CCSDS 734.5-B-1) to secure DTN 
standard data bundles. 

Rationale:  Securing DTN bundles for transport is essential. 

Comm-58: When DSG data links are not using secure DTN bundling, they should 
(TBR-19) provide for the option to implement Internet Protocol Security 
(IPSec) over IP links. IPSec is specified in RFC 6071. 

Rationale:  Application of IPSec to these data flows is strongly 

recommended to reduce mission risk when the data flows are not secured 
by the DTN Bundle security protocol.  

Comm-59: DSG shall implement the Licklider Transmission Protocol Convergence 
Layer Adapter as specified in CCSDS 734.2-B-1 on the Command and 
Telemetry. 

Rationale: In cases when Bundle Protocol is used over long delay or 
environments not conducive to IP-based convergence layers, LTP can 
provide reliable delivery. LTP may optionally be used over UDP [TBR] 

Comm-60: DSG shall implement the Encapsulation Convergence Layer Adapter as 
specified in CCSDS 734.2-B-1 on the Command and Telemetry link. 

Rationale: In circumstances when Bundle Protocol is used without a 
transport layer protocol, the encapsulation convergence layer adapter will 

https://tools.ietf.org/html/rfc793
https://tools.ietf.org/html/rfc768
https://tools.ietf.org/html/rfc768
https://public.ccsds.org/Pubs/734x2b1.pdf
https://tools.ietf.org/html/rfc6071
https://public.ccsds.org/Pubs/734x2b1.pdf
https://public.ccsds.org/Pubs/734x2b1.pdf
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allow bundles to be directly encapsulated and transmitted over CCSDS link 
layer protocols.  

Comm-61: DSG should implement the TCP Convergence Layer Adapter as specified in 
RFC 7242 (TBR-17) on the Command and Telemetry link. 

Rationale: When a hop between DTN nodes is carried over an IP network, 
the TCP convergence layer will provide reliable delivery of bundles. RFC 
7242 is in the experimental stage and not a finalized standard. 

Comm-62: DSG should implement the UDP Convergence Layer Adapter as specified in 
CCSDS 734.2-B-1 on the Command and Telemetry link. 

Rationale: When a hop between DTN nodes is carried over an IP network, 

the UDP convergence layer will provide unreliable delivery of bundles. 

Addition of LTP over the UDP convergence layer may be used to provide 
reliable bundle delivery. 

3.2.2.2.1.6.4  APPLICATION LAYER 

Comm-63: All applications transferring data over this interface shall use either DTN 
Bundle Protocol or IP as specified above on the Command and Telemetry 
link. 

Rationale: This will allow all data flows to be routable by intermediate nodes. 
Any application that expects to flow data to and from Earth either directly or 

relayed should use BP to accommodate delays or end-to-end link 
availability. Though IP may work in some cislunar cases, use of BP will 
allow the application to also function in deep space cases.  

Comm-64: DSG shall use CCSDS File Delivery Protocol Class 1 and Class 2 as 
defined in CCSDS File Delivery Protocol (CFDP), CSDS 727.0-B-4 transmit 
and receive application layer files on the Command and Telemetry link. 

Rationale: Provide reliable, accountable transfer of files. 

Comm-65: DSG should (TBR-14) use asynchronous message service (AMS) as 
defined in Asynchronous Message Service (AMS) CCSDS 735.1-B-1 to 
transmit and receive messages on the Command and Telemetry link. 

Rationale: provides a standard, reusable infrastructure for the exchange of 
information among data system modules in a manner that is simple to use, 
highly automated, flexible, robust, scalable, and efficient. 

3.2.2.2.1.7  SECURITY ON THE COMMAND AND TELEMETRY LINK 

The following define the security standards to ensure interoperability for the Command 
and Telemetry DSG to DSG-Ground links.  The actual links & data to be protected, 
security & key management, etc. will be based on the International Partner agreement 
on security policies for the Program(s). 

https://tools.ietf.org/html/rfc7242
https://public.ccsds.org/Pubs/734x2b1.pdf
https://public.ccsds.org/Pubs/727x0b4.pdf
https://public.ccsds.org/Pubs/735x1b1.pdf
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Comm-66: DSG shall implement CCSDS Cryptographic Algorithms, CCSDS 352.0-B-
1, Advanced Encryption Standard (AES), for encryption/decryption of data 
exchanges with DSG-Ground on the Command and Telemetry link. 

Rationale: AES is the algorithm of choice for Federal Information Systems 
per FIPS PUB 197.  

Comm-67: DSG-Ground shall implement CCSDS Cryptographic Algorithms, CCSDS 

352.0-B-1, Advanced Encryption Standard (AES), for encryption/decryption 
of data exchanges with DSG on the Command and Telemetry link. 

Rationale: AES is the algorithm of choice for Federal Information Systems 
per FIPS PUB 197.  

Comm-68: DSG shall implement the Advanced Encryption Standard specifically the 

Galois Counter Mode (AES-GCM) algorithm per NIST SP 800-38D, with 
256-bit keys, 96-bit Initialization Vectors (IVs), and with authentication tag 
lengths of 128 bits truncated to 64 bits for data exchanges with DSG-
Ground on the Command and Telemetry link.  Programs need to assess the 
level of Security Information Assurance and Risks for non-command and 

control links, and shall select an appropriate AES mode commensurate with 
those risks, and implement MOU/MOA agreements to handle applicable 
circumstances. 

Rationale: The use of AES-GCM is an efficient implementation for 
encryption and authentication of data and information exchanges. 

Comm-69: DSG-Ground shall implement the Advanced Encryption Standard 
specifically the Galois Counter Mode (AES-GCM) algorithm per NIST SP 
800-38D, with 256-bit keys, 96-bit Initialization Vectors (IVs), and with 
authentication tag lengths of 128 bits truncated to 64 bits for data 
exchanges with DSG on the Command and Telemetry link.  Programs need 

to assess the level of Security Information Assurance and Risks for non-

command and control links, and shall select an appropriate AES mode 
commensurate with those risks, and implement MOU/MOA agreements to 
handle applicable circumstances. 

Rationale: The use of AES-GCM is an efficient implementation for 
encryption and authentication of data and information exchanges. 

Comm-70: DSG shall implement link layer security as specified by CCSDS 355.0-B-1, 
Space Data Link Security Protocol for data exchanges with DSG-Ground on 
the Command and Telemetry link. 

Rationale: Use CCSDS standards to ensure interoperability and 
compatibility. 

Comm-71: DSG-Ground shall implement link layer security as specified by CCSDS 
355.0-B-1, Space Data Link Security Protocol for data exchanges with DSG 
on the Command and Telemetry link. 

https://public.ccsds.org/Pubs/352x0b1.pdf
https://public.ccsds.org/Pubs/352x0b1.pdf
https://public.ccsds.org/Pubs/352x0b1.pdf
https://public.ccsds.org/Pubs/352x0b1.pdf
https://public.ccsds.org/Pubs/355x0b1.pdf
https://public.ccsds.org/Pubs/355x0b1.pdf
https://public.ccsds.org/Pubs/355x0b1.pdf


ICSIS Draft Review Copy 

February 2018 

Verify this is the current version before use 3-21 

Rationale: Use CCSDS standards to ensure interoperability and 
compatibility. 

Comm-72: DSG shall implement authentication as specified by CCSDS 355.0-B-1 
CCSDS Cryptographic Algorithms for data exchanges with DSG-Ground on 
the Command and Telemetry link. 

Rationale: DSG needs to support authentication in addition to encryption. 

Comm-73: DSG-Ground shall implement authentication as specified by CCSDS 355.0-
B-1 CCSDS Cryptographic Algorithms for data exchanges with DSG on the 
Command and Telemetry link. 

Rationale: DSG needs to support authentication in addition to encryption. 

Comm-74: DSG shall be able to enable or disable encryption to support contingency 
operations with DSG-Ground on the Command and Telemetry link. 

Rationale: DSG needs to be able to turn off encryption to support 
spacecraft recovery, contingency modes, etc. 

Comm-75: DSG-Ground shall be able to enable or disable encryption to support 
contingency operations with DSG on the Command and Telemetry link. 

Rationale: DSG-Ground needs to be able to turn off encryption to support 
spacecraft recovery, contingency modes, etc 

Comm-76: DSG shall employ key management techniques as defined in TBD-1 with 
DSG-Ground on the Command and Telemetry link. (TBD-1 could be SDLS 
Extended Procedures standard (draft CCSDS 355.1-B-1) as noted below) 

Rationale: This requirement ensures that keys are managed in an 
interoperable manner. 

Note: CCSDS is working on the SDLS Extended Procedures standard 
(CCSDS 355.1-B-1). Once the standard is baselined and all partners agree 

to implement it, this standard will be updated with the Symmetric Key 
Management blue book. 

Comm-77: DSG-Ground shall employ key management techniques as defined in TBD-
1 with DSG on the Command and Telemetry link. (TBD-1 could be SDLS 
Extended Procedures standard (draft CCSDS 355.1-B-1) as noted below) 

Rationale: This requirement ensures that keys are managed in an 
interoperable manner. 

Note: CCSDS is working on the SDLS Extended Procedures standard 
(CCSDS 355.1-B-1). Once the standard is baselined and all partners agree 
to implement it, this standard will be updated with the Symmetric Key 
Management blue book. 

 

https://public.ccsds.org/Pubs/355x0b1.pdf
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3.2.2.2.2  HIGH RATE COMMUNICATION LINKS 

This subsection defines standards for high rate data transfer between DSG and DSG-
Ground.  Ka-band and Optical communication links are selected for this application.  
Ka-band is considered in accordance with CCSDS/SFCG recommendations since it is 
bandwidth efficient and there is no need for a ranging channel on the high rate link. The 
X-band Command and Telemetry link supports ranging needs.  NASA and partner 
ground stations currently only support Ka-band downlink and do not support Ka-band 
uplink capability – however, having a high rate uplink is necessary to support human 
exploration and it is anticipated that the ground stations will be upgraded to provide this 
capability.  A minimum set of standards for the Ka-band uplink is also provided in this 
section to provide the implementers some guidance on what a Ka-band forward link 
might support, These links are marked with a TBR to indicate that this still need to be 
resolved. 

Optical links are selected for their power efficiency i.e. ability to transfer large volumes 
of data over long distances at lower power than Ka-band as well as providing both a 
high rate uplink and downlink. 

3.2.2.2.2.1  HIGH RATE RF LINK 

A summary of the standards for the DSG to DSG-Ground high rate RF link is provided 
in Table 3.2.2.2-3. 

TABLE 3.2.2.2-3 SUMMARY OF STANDARDS FOR DSG HIGH RATE RF LINK 

 Frequency 

Bands1 

Modulation2 Coding3  Space Data Link 

Protocol 

Space Data 

Link Security  

Ranging 

Earth to DSG High 

rate 

Nominal > 10 Msps 

 

22.55-
23.15 GHz 

 

 OQPSK 

- Modulation on 
suppressed 
carrier 

 
LDPC3, 6: 

 Coding rates:  
- 1/2, 

2/3, 
4/5, 

7/8 

 Codeblock size: 
- 2048 octets (for 

rates 1/2, 
2/3, 

4/5,) 

- 1020 octets (for 

rate 7/8)  

 
AOS4, USLP5 

 AOS frame size: 
- 2048 octets and 

64 bit ASM (for 

rates 1/2, 
2/3, 

4/5,) 

- 1020 octets and 
32 bit ASM (for 

rate 7/8) 

 

 

CCSDS 
Space Data 
Link Security 
Protocol8 

 

None 

 

DSG to Earth High 
rate 

Nominal > 4 Msps 

 

25.5-27.0 
GHz 

 

 OQPSK 

Modulation on 
suppressed carrier 

 

 
LDPC3,6: 

 Coding rates:  

- 1/2, 
2/3, 

4/5, 
7/8 

 Codeblock size: 
- 2048 octets (for 

rates 1/2, 
2/3, 

4/5,) 

- 1020 octets (for 

rate 7/8)  

 
AOS4, USLP5 

 AOS frame size: 
- 2048 octets and 

64 bit ASM (for 

rates 1/2, 
2/3, 

4/5,) 

- 1020 octets and 
32 bit ASM (for 

rate 7/8) 

 

 
CCSDS 
Space Data 
Link Security 
Protocol8 

 

None 

9. SFCG 32-2R1 Communication Frequency Allocations and Sharing in the Lunar Region. 
10. CCSDS 401.0-B-27 Radio Frequency and Modulation Systems--Part 1: Earth Stations and Spacecraft. Blue Book. 
11. CCSDS 131.0-B-3 TM Synchronization and Channel Coding. Blue Book.  
12. CCSDS 732.0-B-3 AOS Space Data Link Protocol. Blue Book.  
13. CCSDS 732.1-R-3.1 Unified Space Data Link Protocol. Red Book. November 2017, currently undergoing publication. 
14. CCSDS (TBD Reference) Coding & Synchronization Sub-layer High Rate Uplink Protocol for AOS & USLP. 
15. CCSDS 414.1-B-2 Pseudo-Noise (PN) Ranging Systems. Blue Book. 
16. CCSDS 355.0-B-1 Space Data Link Security Protocol. Blue Book. 

https://public.ccsds.org/Pubs/131x0b3.pdf
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3.2.2.2.2.1.1  FREQUENCY FOR HIGH RATE RF LINKS 

Comm-78: DSG shall use 25.5 - 27 GHz (Ka-band) frequency band to transmit signals 
to DSG-Ground on the High Rate RF link. 

Rational: Use of near-Earth Ka-band is compliant with ITU and 
CCSDS/SFCG recommendations.  Ka-band is used for high rate downlinks 
since its allocation allows for very high data rates. 

Comm-79: DSG-Ground shall use 25.5 - 27 GHz (Ka-band) frequency band to receive 
signals from DSG on the High Rate RF link. 

Rational: Use of near-Earth Ka-band is compliant with ITU and 
CCSDS/SFCG recommendations.  Ka-band is used for high rate downlinks 
since its allocation allows for very high data rates. 

Comm-80: DSG-Ground shall use 22.55 – 23.15 GHz (Ka-band) frequency band to 
transmit signals to DSG on the High Rate RF link. 

Rational: Use of near-Earth Ka-band is compliant with ITU and 

CCSDS/SFCG recommendations.  Ka-band is used for high rate downlinks 
since its allocation allows for very high data rates. 

Comm-81: DSG shall use 22.55 – 23.15 GHz (Ka-band) frequency band to receive 
signals from DSG-Ground on the High Rate RF link. 

Rational: Use of near-Earth Ka-band is compliant with ITU and 
CCSDS/SFCG recommendations.  Ka-band is used for high rate downlinks 
since its allocation allows for very high data rates. 

3.2.2.2.2.1.2  MODULATION HIGH RATE RF LINKS 

Comm-82: DSG shall implement OQPSK with modulation on suppressed carrier to 
transmit signals to DSG-Ground as described in Radio Frequency and 
Modulation Systems--Part 1: Earth Stations and Spacecraft, Section 2, 
CCSDS 401.0-B-27, on the High Rate RF link. 

Rationale: OQPSK with modulation on suppressed carrier provides spectral 
efficiency and interoperability between DSG and NASA/IP/etc. ground 
stations, provides spectrum efficiency and meets spectrum constraints 
imposed by SFCG and NTIA. 

Comm-83: DSG-Ground shall implement OQPSK with modulation on suppressed 
carrier to receive signals from DSG as described in Radio Frequency and 
Modulation Systems--Part 1: Earth Stations and Spacecraft, Section 2, 
CCSDS 401.0-B-27, on the High Rate RF link. 

Rationale: OQPSK with modulation on suppressed carrier provides spectral 

efficiency and interoperability between DSG and NASA/IP/etc. ground 
stations, provides spectrum efficiency and meets spectrum constraints 
imposed by SFCG and NTIA. 

https://public.ccsds.org/Pubs/401x0b27.pdf
https://public.ccsds.org/Pubs/401x0b27.pdf
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Comm-84: DSG-Ground shall implement OQPSK with modulation on suppressed 
carrier to transmit signals to DSG as described in Radio Frequency and 

Modulation Systems--Part 1: Earth Stations and Spacecraft, Section 2, 
CCSDS 401.0-B-27, on the High Rate RF link. (TBR-15) 

Rationale: OQPSK with modulation on suppressed carrier provides spectral 
efficiency and interoperability between DSG and NASA/IP/etc. ground 
stations, provides spectrum efficiency and meets spectrum constraints 
imposed by SFCG and NTIA. 

Comm-85: DSG shall implement OQPSK with modulation on suppressed carrier to 
receive signals from DSG-Ground as described in Radio Frequency and 
Modulation Systems--Part 1: Earth Stations and Spacecraft, Section 2, 
CCSDS 401.0-B-27, on the High Rate RF link.(TBR-15) 

Rationale: OQPSK with modulation on suppressed carrier provides spectral 
efficiency and interoperability between DSG and NASA/IP/etc. ground 

stations, provides spectrum efficiency and meets spectrum constraints 
imposed by SFCG and NTIA. 

3.2.2.2.2.1.3  CODING AND SYNCHRONIZATION HIGH RATE RF LINKS 

Comm-86: DSG shall use CCSDS Low Density Parity Codes, rate ½, rate 2/3, rate 4/5, 
or rate 7/8 for encoding data to DSG-Ground as defined in Section 7, TM 
Synchronization and Channel Coding CCSDS 131.0-B-3, on the High Rate 
RF link. 

Rationale: Coding gain provided by LDPC codes is ~2dB more than that 
provided by concatenated Reed-Solomon/convolutional codes.   Can 

implement one, two, three or all four of the above LDPC codes based on 
data rates and other system needs/constraints. 

Comm-87: DSG-Ground shall use CCSDS Low Density Parity Codes, rate ½, rate 2/3, 
rate 4/5, and rate 7/8 for decoding data from DSG as defined in Section 7, TM 
Synchronization and Channel Coding CCSDS 131.0-B-3on the High Rate 
RF link. 

Rationale: Coding gain provided by LDPC codes is ~2dB more than that 
provided by concatenated Reed-Solomon/convolutional codes.    

Comm-88: DSG-Ground shall use CCSDS Low Density Parity Codes, rate ½, rate 2/3, 
rate 4/5, and rate 7/8 for encoding data to DSG as defined in Section 7, TM 

Synchronization and Channel Coding CCSDS 131.0-B-3 on the High Rate 
RF link. (TBR-15) 

Rationale: Coding gain provided by LDPC codes is ~2dB more than that 
provided by concatenated Reed-Solomon/convolutional codes.    

Note: Forward error correction (FEC) codes defined in CCSDS 131.0-B-3 TM 

Synchronization and Channel Coding Blue book are currently only applicable to spacecraft-

to-Earth links.  However, in view of the symmetric property of the AOS space data link 

https://public.ccsds.org/Pubs/401x0b27.pdf
https://public.ccsds.org/Pubs/401x0b27.pdf
https://public.ccsds.org/Pubs/131x0b3e1.pdf
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protocol, the CCSDS LDPC code can be applied to the AOS frames over DSG-to-Earth 

link.  In order to reduce the burden on the links, we are using it over DSG-Ground-to-DSG 

links. 

Comm-89: DSG shall use CCSDS Low Density Parity Codes, rate ½, rate 2/3, rate 4/5, or 
rate 7/8 for decoding data from DSG-Ground as defined in Section 7, TM 
Synchronization and Channel Coding CCSDS 131.0-B-3 on the High Rate 
RF link.  

Rationale: Coding gain provided by LDPC codes is ~2dB more than that 
provided by concatenated Reed-Solomon/convolutional codes. Can 

implement one, two, three or all four of the above LDPC codes based on 
data rates and other system needs/constraints. 

Comm-90: DSG shall apply the Attached Sync Marker (ASM) defined in Section 9, TM 

Synchronization and Channel Coding CCSDS 131.0-B-3, to transmitted 
frames to DSG-Ground per Table 3.2.2.2-2 on the High Rate RF link. 

Rationale: Use of the 64-bit CCSDS frame sync pattern identified as ASM 
for rate ½, rate 2/3, or rate 4/5 and the 32-bit CCSDS frame sync pattern 
identified for rate 7/8 LDPC Coded Data provides the receiver the ability to 
synchronize at the start of a FEC code block frame and will ensure 
interoperability between DSG and NASA/IP ground stations.  Using the 

same 64 bit/32 bit ASM for non-FEC coded block frames will maintain a 
common frame structure for all coded and uncoded frames, which will 
reduce Program implementation complexity and costs. 

Comm-91: DSG-Ground shall use the Attached Sync Marker (ASM) defined in Section 
9, TM Synchronization and Channel Coding CCSDS 131.0-B-3, for 
synchronization of received frames from DSG per Table 3.2.2.2-2 on the 
High Rate RF link. 

Rationale: Use of the 64-bit CCSDS frame sync pattern identified as ASM 

for rate ½, rate 2/3, or rate 4/5 and the 32-bit CCSDS frame sync pattern 
identified for rate 7/8 LDPC Coded Data provides the receiver the ability to 
synchronize at the start of a FEC code block frame and will ensure 
interoperability between DSG and NASA/IP ground stations.  Using the 
same 64 bit/32 bit ASM for non-FEC coded block frames will maintain a 
common frame structure for all coded and uncoded frames, which will 
reduce Program implementation complexity and costs. 

Comm-92: DSG-Ground shall apply the Attached Sync Marker (ASM) defined in 
Section 9, TM Synchronization and Channel Coding CCSDS 131.0-B-3, to 
transmitted frames to DSG per Table 3.2.2.2-2 on the High Rate RF link. 
(TBR-15) 

Rationale: Use of the 64-bit CCSDS frame sync pattern identified as ASM 
for rate ½, rate 2/3, or rate 4/5 and the 32-bit CCSDS frame sync pattern 
identified for rate 7/8 LDPC Coded Data provides the receiver the ability to 

https://public.ccsds.org/Pubs/131x0b3e1.pdf
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synchronize at the start of a FEC code block frame and will ensure 
interoperability between DSG and NASA/IP ground stations.  Using the 

same 64 bit/32 bit ASM for non-FEC coded block frames will maintain a 
common frame structure for all coded and uncoded frames, which will 
reduce Program implementation complexity and costs. 

Comm-93: DSG shall use the Attached Sync Marker (ASM) defined in Section 9, TM 
Synchronization and Channel Coding CCSDS 131.0-B-3 for synchronization 
of received frames from DSG-Ground per Table 3.2.2.2-2 on the High Rate 
RF link. (TBR-15) 

Rationale: Use of the 64-bit CCSDS frame sync pattern identified as ASM 
for rate ½, rate 2/3, or rate 4/5 and the 32-bit CCSDS frame sync pattern 
identified for rate 7/8 LDPC Coded Data provides the receiver the ability to 

synchronize at the start of a FEC code block frame and will ensure 

interoperability between DSG and NASA/IP ground stations.  Using the 
same 64 bit/32 bit ASM for non-FEC coded block frames will maintain a 

common frame structure for all coded and uncoded frames, which will 
reduce Program implementation complexity and costs. 

Comm-94: DSG shall use bit randomization techniques in accordance with CCSDS 
131.0-B-3 for randomization of transmitted data streams to DSG-Ground on 
the High Rate RF link. 

Rationale: Use of bit randomization techniques as specified in CCSDS 
131.0-B-2 will ensure the proper bit synchronization process and 
interoperability between DSG and NASA/IP ground stations 

Comm-95: DSG-Ground shall use bit derandomization techniques in accordance with 
CCSDS 131.0-B-3 for derandomization of received data streams from DSG 
on the High Rate RF link. 

Rationale: Use of bit derandomization techniques as specified in CCSDS 

131.0-B-2 will ensure the proper bit synchronization process and 
interoperability between DSG and NASA/IP ground stations. 

Comm-96: DSG-Ground shall use bit randomization techniques in accordance with 
CCSDS 131.0-B-3 for randomization of transmitted data streams to DSG on 
the High Rate RF link. (TBR-15) 

Rationale: Use of bit randomization techniques as specified in CCSDS 
131.0-B-2 will ensure the proper bit synchronization process and 
interoperability between DSG and NASA/IP ground stations 

Comm-97: DSG shall use bit derandomization techniques in accordance with CCSDS 
131.0-B-3 for derandomization of received data streams from DSG-Ground 
on the High Rate RF link. (TBR-15) 

https://public.ccsds.org/Pubs/131x0b3e1.pdf
https://public.ccsds.org/Pubs/131x0b3e1.pdf
https://public.ccsds.org/Pubs/131x0b3e1.pdf
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Rationale: Use of bit derandomization techniques as specified in CCSDS 
131.0-B-2 will ensure the proper bit synchronization process and 
interoperability between DSG and NASA/IP ground stations. 

Comm-98: DSG shall use Non-Return-to-Zero-Level (NRZ-L) encoding for transmission 
of data streams to DSG-Ground on the High Rate RF link. 

Rationale: NRZ-L is required to allow LDPC FEC codes to operate at 

maximum efficiency, producing the highest possible amount of coding gain.  
NRZ-L symbol L format encoding has better Eb/No performance than 
differential symbol format encoding like Non-Return-to-Zero-Mark (NRZ-M). 

Phase ambiguity resolution will be resolved by using a frame Attached Sync 
Marker (ASM) rather than using differential encoding like NRZ-M. 

Comm-99: DSG-Ground shall use Non-Return-to-Zero-Level (NRZ-L) encoding for 
transmission of data streams to DSG on the High Rate RF link. (TBR-15) 

Rationale: NRZ-L is required to allow LDPC FEC codes to operate at 
maximum efficiency, producing the highest possible amount of coding gain.  
NRZ-L symbol L format encoding has better Eb/No performance than 

differential symbol format encoding like Non-Return-to-Zero-Mark (NRZ-M). 
Phase ambiguity resolution will be resolved by using a frame Attached Sync 
Marker (ASM) rather than using differential encoding like NRZ-M. 

Comm-100: DSG shall use the ASM for resolution of symbol phase ambiguity of 
received data streams from DSG-Ground on the High Rate RF link. (TBR-
15) 

Rationale: Phase ambiguity resolution will be resolved by using a frame 

ASM rather than using differential symbol format encoding like Non-Return-

to-Zero-Mark (NRZ-M) since NRZ-L is needed to allow LDPC FEC codes to 
operate at maximum efficiency.  NRZ-L also has better Eb/No performance 
than differential encoding like NRZ-M. 

Comm-101: DSG-Ground shall use the ASM for resolution of symbol phase ambiguity of 
received data streams from DSG on the High Rate RF link. 

Rationale: Phase ambiguity resolution will be resolved by using a frame 
ASM rather than using differential symbol format encoding like Non-Return-
to-Zero-Mark (NRZ-M) since NRZ-L is needed to allow LDPC FEC codes to 
operate at maximum efficiency.  NRZ-L also has better Eb/No performance 
than differential encoding like NRZ-M. 

3.2.2.2.2.1.4  DATA LINK LAYER FRAMING HIGH RATE RF LINKS 

Comm-102: DSG shall transmit data streams using data link framing as defined in 
CCSDS Advanced Orbiting Systems (AOS) Space Data Link Protocol, 
CCSDS 732.0-B-3, to DSG-Ground on the High Rate RF link. 

https://public.ccsds.org/Pubs/732x0b3.pdf
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Rationale: CCSDS 732.0-B-3 provides the structure for frame construction.  
Need to follow this standard to ensure interoperability between DSG and 
NASA/IP ground stations.   

NOTE: CCSDS is working to baseline the Unified Space Link Protocol 
(USLP).  Once the USLP blue book is baselined and all partners agree to 
implement it, this standard will be updated with the USLP blue book. 

Comm-103: DSG-Ground shall receive data streams using data link framing as defined 
in CCSDS Advanced Orbiting Systems (AOS) Space Data Link Protocol, 
CCSDS 732.0-B-3, with DSG on the High Rate RF link. 

Rationale: CCSDS 732.0-B-3 provides the structure for frame construction.  
Need to follow this standard to ensure interoperability between DSG and 
NASA/IP ground stations.   

NOTE: CCSDS is working to baseline the Unified Space Link Protocol 
(USLP).  Once the USLP blue book is baselined and all partners agree to 
implement it, this standard will be updated with the USLP blue book. 

Comm-104: DSG-Ground shall transmit data streams using data link framing as defined 
in CCSDS Advanced Orbiting Systems (AOS) Space Data Link Protocol, 
CCSDS 732.0-B-3, to DSG on the High Rate RF link. (TBR-15) 

Rationale: CCSDS 732.0-B-3 provides the structure for frame construction.  
Need to follow this standard to ensure interoperability between DSG and 
NASA/IP ground stations.   

NOTE: CCSDS is working to baseline the Unified Space Link Protocol 
(USLP).  Once the USLP blue book is baselined and all partners agree to 
implement it, this standard will be updated with the USLP blue book. 

Comm-105: DSG shall receive data streams using data link framing as defined in 
CCSDS Advanced Orbiting Systems (AOS) Space Data Link Protocol, 
CCSDS 732.0-B-3, with DSG-Ground on the High Rate RF link. (TBR-15) 

Rationale: CCSDS 732.0-B-3 provides the structure for frame construction.  
Need to follow this standard to ensure interoperability between DSG and 
NASA/IP ground stations.   

NOTE: CCSDS is working to baseline the Unified Space Link Protocol 
(USLP).  Once the USLP blue book is baselined and all partners agree to 
implement it, this standard will be updated with the USLP blue book. 

3.2.2.2.2.1.5  NETWORK LAYER AND ABOVE FOR HIGH RATE RF LINKS 

3.2.2.2.2.1.5.1  NETWORK LAYER  

Comm-106: DSG shall transmit and receive (TBR-15) data streams using the CCSDS 
Encapsulation Service as defined in CCSDS 133.1-B-2  when 

https://public.ccsds.org/Pubs/732x0b3.pdf
https://public.ccsds.org/Pubs/732x0b3.pdf
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communicating over CCSDS Data Link Layer Protocols with DSG-Ground 
on the High Rate RF link. 

Rationale: CCSDS Data Link Layers are designed to carry either CCSDS 
Space Packets or Encapsulation Packets. The Encapsulation Service 

provides the compatibility between the higher layer data units and the 
CCSDS Data Link Layers. 

Comm-107: DSG-Ground shall transmit (TBR-15) and receive data streams using the 
CCSDS Encapsulation Service as defined in CCSDS 133.1-B-2  when 
communicating over CCSDS Data Link Layer Protocols with DSG on the 
High Rate RF link. 

Rationale: CCSDS Data Link Layers are designed to carry either CCSDS 

Space Packets or Encapsulation Packets. The Encapsulation Service 

provides the compatibility between the higher layer data units and the 
CCSDS Data Link Layers. 

Comm-108: DSG shall transmit and receive (TBR-15) IP packets using the CCSDS IP 
over CCSDS standard CCSDS 702.1-B-1 when using IP packets over 
CCSDS Data Link Layers with DSG-Ground on the High Rate RF link. 

Rationale: This allows IP packet use interoperability over CCSDS links. 

Comm-109: DSG –Ground shall transmit (TBR-15) and receive IP packets using the 
CCSDS IP over CCSDS standard CCSDS 702.1-B-1 when using IP packets 
over CCSDS Data Link Layers with DSG on the High Rate RF link. 

Rationale: This allows IP packet use interoperability over CCSDS links 

Comm-110: DSG shall use IP as specified in IPv4 (RFC 791) or IPv6 (RFC 8200) (TBR-16) 
as a network layer with DSG-Ground on the High Rate RF link.  

Rationale: IP provides for network layer services over interfaces that have 
low delay (under 5 sec (TBD)) and an expectation of real time end-to-end 

connectivity. Use of IP allows for maximum leverage of terrestrial 
networking developments under appropriate circumstances. IPv4-based 
technology is widely available in the commercial market.  IPv6-only stack 
provides advantages such as increased security and more efficient 
routing.  IPv6 technology is not as readily available. 

Comm-111: DSG-Ground shall use IP as specified in IPv4 (RFC 791) or IPv6 (RFC 8200) 

(TBR-16) as a network layer with DSG on the High Rate RF link.  

Rationale: IP provides for network layer services over interfaces that have 

low delay (under 5 sec (TBD)) and an expectation of real time end-to-end 
connectivity. Use of IP allows for maximum leverage of terrestrial 
networking developments under appropriate circumstances. IPv4-based 

technology is widely available in the commercial market.  IPv6-only stack 
provides advantages such as increased security and more efficient 
routing.  IPv6 technology is not as readily available. 

https://public.ccsds.org/Pubs/133x1b2c2.pdf
https://public.ccsds.org/Pubs/702x1b1c1.pdf
https://public.ccsds.org/Pubs/702x1b1c1.pdf
https://tools.ietf.org/html/rfc791
https://tools.ietf.org/html/rfc8200
https://tools.ietf.org/html/rfc791
https://tools.ietf.org/html/rfc8200
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3.2.2.2.2.1.5.2  TRANSPORT LAYER 

Comm-112: DSG shall (TBR-7) implement Licklider Transmission Protocol (LTP) as 
specified in CCSDS Licklider Transmission Protocol for CCSDS, CCSDS 
734.1-B-1 on the High Rate RF link. 

Rationale: LTP is a reliable point-to-point transport protocol, over which the 
Bundle Protocols will run.  LTP is not expected to be used for all links, but 
was designed for long-haul links with high delay. 

Comm-113: DSG shall implement Transmission Control Protocol (TCP) as specified in 
RFC 793 on the High Rate RF link. 

Rationale: TCP is a reliable transport protocol for use on IP networks. 

Comm-114: DSG shall implement User Datagram Protocol (UDP) as specified in RFC 
768 on the High Rate RF link. 

Rationale: UDP provides best effort transport protocol for use on IP 
networks. 

3.2.2.2.2.1.5.3  BUNDLE AND BUNDLE CONVERGENCE LAYER 

Comm-115: DSG shall implement Delay Tolerant Networking Bundle Protocol as 
specified in CCSDS Bundle Protocol Specification, CCSDS 734.2-B-1 on 
the High Rate RF link. 

Rationale: Provide lunar network and inter-planetary network functionality, 
e.g., network addressing, routing, and QoS management, in end-to-end 

communications environment of intermittent connectivity.  When functioning 

as a relay, the DSG must have the capability to multiplex/demultiplex 
capability to deal with multiple data streams from multiple sources over 
heterogeneous links. 

Comm-116: DSG should (TBR-18) implement the CCSDS standard “Streamlined 
Bundle Security Protocol” (DRAFT CCSDS 734.5-B-1) to secure DTN 
standard data bundles. 

Rationale:  Securing DTN bundles for transport is essential. 

Comm-117: When DSG data links are not using secure DTN bundling, they should 
(TBR-19) provide for the option to implement Internet Protocol Security 
(IPSec) over IP links. IPSec is specified in RFC 6071. 

Rationale:  Application of IPSec to these data flows is strongly 

recommended to reduce mission risk when the data flows are not secured 
by the DTN Bundle security protocol.  

Comm-118: DSG shall implement the Licklider Transmission Protocol Convergence 
Layer Adapter as specified in CCSDS 734.2-B-1 on the High Rate RF. 

https://public.ccsds.org/Pubs/734x1b1.pdf
https://public.ccsds.org/Pubs/734x1b1.pdf
https://tools.ietf.org/html/rfc793
https://tools.ietf.org/html/rfc768
https://tools.ietf.org/html/rfc768
https://public.ccsds.org/Pubs/734x2b1.pdf
https://tools.ietf.org/html/rfc6071
https://public.ccsds.org/Pubs/734x2b1.pdf


ICSIS Draft Review Copy 

February 2018 

Verify this is the current version before use 3-31 

Rationale: In cases when Bundle Protocol is used over long delay or 
environments not conducive to IP-based convergence layers, LTP can 
provide reliable delivery. LTP may optionally be used over UDP [TBR] 

Comm-119: DSG shall implement the Encapsulation Convergence Layer Adapter as 
specified in CCSDS 734.2-B-1 on the High Rate RF link. 

Rationale: In circumstances when Bundle Protocol is used without a 

transport layer protocol, the encapsulation convergence layer adapter will 
allow bundles to be directly encapsulated and transmitted over CCSDS link 
layer protocols.  

Comm-120: DSG should implement the TCP Convergence Layer Adapter as specified in 
RFC 7242 (TBR-17) on the High Rate RF link. 

Rationale: When a hop between DTN nodes is carried over an IP network, 
the TCP convergence layer will provide reliable delivery of bundles. RFC 
7242 is in the experimental stage and not a finalized standard. 

Comm-121: DSG should implement the UDP Convergence Layer Adapter as specified in 
CCSDS 734.2-B-1 on the High Rate RF link. 

Rationale: When a hop between DTN nodes is carried over an IP network, 

the UDP convergence layer will provide unreliable delivery of bundles. 
Addition of LTP over the UDP convergence layer may be used to provide 
reliable bundle delivery. 

3.2.2.2.2.1.5.4  APPLICATION LAYER 

Comm-122: All applications transferring data over this interface shall use either DTN 
Bundle Protocol or IP as specified above on the High Rate RF link. 

Rationale: This will allow all data flows to be routable by intermediate nodes. 

Any application that expects to flow data to and from Earth either directly or 
relayed should use BP to accommodate delays or end-to-end link 

availability. Though IP may work in some Cislunar cases, use of BP will 
allow the application to also function in deep space cases.  

Comm-123: DSG shall use CCSDS File Delivery Protocol Class 1 and Class 2 as 
defined in CCSDS File Delivery Protocol (CFDP), CSDS 727.0-B-4 transmit 
and receive application layer files on the High Rate RF link. 

Rationale: Provide reliable, accountable transfer of files. 

Comm-124: DSG should (TBR-14) use asynchronous message service (AMS) as 
defined in Asynchronous Message Service (AMS) CCSDS 735.1-B-1 to 
transmit and receive messages on the High Rate RF link. 

Rationale: provides a standard, reusable infrastructure for the exchange of 
information among data system modules in a manner that is simple to use, 
highly automated, flexible, robust, scalable, and efficient. 

https://public.ccsds.org/Pubs/734x2b1.pdf
https://tools.ietf.org/html/rfc7242
https://public.ccsds.org/Pubs/734x2b1.pdf
https://public.ccsds.org/Pubs/727x0b4.pdf
https://public.ccsds.org/Pubs/735x1b1.pdf
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3.2.2.2.2.1.6  SECURITY ON HIGH RATE RF LINKS 

The following define the security standards to ensure interoperability for the High Rate 
RF DSG to DSG-Ground links.  The actual links & data to be protected, security & key 
management, etc. will be based on the International Partner agreement on security 
policies for the Program(s). 

Comm-125: DSG shall implement CCSDS Cryptographic Algorithms, CCSDS 352.0-B-

1, Advanced Encryption Standard (AES), for encryption and decryption 
(TBR-15) of data exchanges with DSG-Ground on the High Rate RF link. 

Rationale: AES is the algorithm of choice for Federal Information Systems 
per FIPS PUB 197.  

Comm-126: DSG-Ground shall implement CCSDS Cryptographic Algorithms, CCSDS 

352.0-B-1, Advanced Encryption Standard (AES), for encryption (TBR-15) 
and decryption of data exchanges with DSG on the High Rate RF link. 

Rationale: AES is the algorithm of choice for Federal Information Systems 
per FIPS PUB 197.  

Comm-127: DSG shall implement the Advanced Encryption Standard specifically the 
Galois Counter Mode (AES-GCM) algorithm per NIST SP 800-38D, with 
256-bit keys, 96-bit Initialization Vectors (IVs), and with authentication tag 
lengths of 128 bits truncated to 64 bits for data exchanges with DSG-
Ground on the High Rate RF link.  Programs need to assess the level of 

Security Information Assurance and Risks for non-command and control 
links, and shall select an appropriate AES mode commensurate with those 
risks, and implement MOU/MOA agreements to handle applicable 
circumstances. 

Rationale: The use of AES-GCM is an efficient implementation for 
encryption and authentication of data and information exchanges. 

Comm-128: DSG-Ground shall implement the Advanced Encryption Standard 
specifically the Galois Counter Mode (AES-GCM) algorithm per NIST SP 
800-38D, with 256-bit keys, 96-bit Initialization Vectors (IVs), and with 
authentication tag lengths of 128 bits truncated to 64 bits for data 
exchanges with DSG on the High Rate RF link.  Programs need to assess 
the level of Security Information Assurance and Risks for non-command 
and control links, and shall select an appropriate AES mode commensurate 
with those risks, and implement MOU/MOA agreements to handle 
applicable circumstances. 

Rationale: The use of AES-GCM is an efficient implementation for 
encryption and authentication of data and information exchanges. 

Comm-129: DSG shall implement link layer security as specified by CCSDS 355.0-B-1, 
Space Data Link Security Protocol for data exchanges with DSG-Ground on 
the High Rate RF link. 

https://public.ccsds.org/Pubs/352x0b1.pdf
https://public.ccsds.org/Pubs/352x0b1.pdf
https://public.ccsds.org/Pubs/352x0b1.pdf
https://public.ccsds.org/Pubs/352x0b1.pdf
https://public.ccsds.org/Pubs/355x0b1.pdf
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Rationale: Use CCSDS standards to ensure interoperability and 
compatibility. 

Comm-130: DSG-Ground shall implement link layer security as specified by CCSDS 
355.0-B-1, Space Data Link Security Protocol for data exchanges with DSG 
on the High Rate RF link. 

Rationale: Use CCSDS standards to ensure interoperability and 
compatibility. 

Comm-131: DSG shall implement authentication as specified by CCSDS 355.0-B-1 
CCSDS Cryptographic Algorithms for data exchanges with DSG-Ground on 
the High Rate RF link. 

Rationale: DSG needs to support authentication in addition to encryption. 

Comm-132: DSG-Ground shall implement authentication as specified by CCSDS 355.0-
B-1 CCSDS Cryptographic Algorithms for data exchanges with DSG on the 
High Rate RF link. 

Rationale: DSG needs to support authentication in addition to encryption. 

Comm-133: DSG shall be able to enable or disable encryption to support contingency 
operations with DSG-Ground on the High Rate RF link. 

Rationale: DSG needs to be able to turn off encryption to support 
spacecraft recovery, contingency modes, etc. 

Comm-134: DSG-Ground shall be able to enable or disable encryption to support 
contingency operations with DSG on the High Rate RF link. 

Rationale: DSG-Ground needs to be able to turn off encryption to support 
spacecraft recovery, contingency modes, etc 

Comm-135: DSG shall employ key management techniques as defined in TBD-1 with 
DSG-Ground on the High Rate RF link. (TBD-1 could be SDLS Extended 
Procedures standard (Draft CCSDS 355.1-B-1) as noted below) 

Rationale: This requirement ensures that keys are managed in an 
interoperable manner. 

Note: CCSDS is working on the SDLS Extended Procedures standard 
(CCSDS 355.1-B-1). Once the standard is baselined and all partners agree 
to implement it, this standard will be updated with the Symmetric Key 
Management blue book. 

Comm-136: DSG-Ground shall employ key management techniques as defined in TBD-
1 with DSG on the High Rate RF link. (TBD-1 could be SDLS Extended 
Procedures standard (Draft CCSDS 355.1-B-1) as noted below) 

Rationale: This requirement ensures that keys are managed in an 
interoperable manner. 

https://public.ccsds.org/Pubs/355x0b1.pdf
https://public.ccsds.org/Pubs/355x0b1.pdf
https://public.ccsds.org/Pubs/355x0b1.pdf
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Note: CCSDS is working on the SDLS Extended Procedures standard 
(CCSDS 355.1-B-1). Once the standard is baselined and all partners agree 

to implement it, this standard will be updated with the Symmetric Key 
Management blue book. 

3.2.2.2.2.2  OPTICAL LINKS  

Optical links between DSG and Earth can be used to validate performance and 
extensibility to deep space or to augment/provide higher rate links.  High-Photon 
Efficiency Optical standards (for Deep Space Optical links) have been agreed to at the 
CCSDS level and the working group is drafting a CCSDS Blue book to capture the 
standard.  The Blue Book will define downlink and uplink optical waveforms for 
communications at interplanetary distances.  For DSG operations in cis-Lunar space, 
the Blue Book downlink specification may be used to provide high rate communications 

for both forward and return links, as is being done for the Orion EM-2 Optical 
Communications system.  

For DSG to the lunar surface and for other proximity links, it may be possible in the 
future to use either a High Data Rate Optical (HDRO) Communications standard or an 
Orbital On-Off Keying (O3K) standard. The HDRO standard would offer higher data 
rates for shorter distances compared to the High Photon Efficiency system already 
envisioned. The CCSDS plans to develop a HDRO standard (Blue Book); in the 
meantime two Orange Books (experimental) are in development. One Orange Book is 
focused on 1550 nm systems while the other is focused on 1064 nm. Alternatively, an 
O3K standard would be consistent with emerging commercial capabilities offering lower 
performance at lower cost. The CCSDS plans to develop an O3K Blue Book. 

TBD-5 – standards for Optical Communication. 

3.2.2.2.3  CONTINGENCY COMMUNICATION LINKS 

(Future Work) TBD-8 

The IOAG is currently working on defining the standards for contingency/emergency 
communications as well as the process for declaring a spacecraft emergency.  Once 
their recommendations has been finalized and agreed to by all participating international 
partners, they will be included in this section. A summary of draft standards consistent 
with what is currently being considered by the IOAG is given in Table 3.2.2.2-4. 

TABLE 3.2.2.2-4 DRAFT STANDARDS FOR CONTINGENCY COMMUNICATION LINK 

 Frequency 

Bands1 

Modulation2 Coding3  Space Data 

Link Protocol 

Space Data 

Link 

Security  

Ranging 

Earth to DSG 

Emergency/contingency 

≤ 4 Ksps 

 

7190-7235 
MHz 

 
PCM/PSK/PM 

- Modulation on 
subcarrier 

 

 
Option 1 – BCH 
Option 2 - LDPC3 : 

 Coding rates:  
- 1/2,  

 Codeblock size: 
- 128 octets for 

LDPC rate 1/2, 

 
AOS4, USLP5 

 AOS frame 
size: 
- 128 

octets 
and 64 bit 
ASM for 

 

CCSDS 
Space Data 
Link 
Security 
Protocol8 

 
CCSDS PN7 

 Non-
regenerative. 

 Ranging chip 
rate: ≤ 2 Mcps. 
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LDPC  

rate 1/2),  

 

DSG to Earth Nominal:       
< 20 Ksps 

 

8450-8500 
MHz 

 
PCM/PSK/PM  

- Modulation on 
subcarrier 

 

 
Option 1 – 

concatenated 
RS, 
convolutional3 

Option 2 - LDPC3, 6: 

 Coding rates:  
- 1/2,  

 Codeblock size: 

128 octets for 

LDPC rate 1/2 

 
AOS4, USLP5 

- AOS 
frame 
size: 

- 128 
octets 
and 
64 bit 
ASM 
for 
LDPC  
rate 
1/2),) 

 

 
CCSDS 
Space Data 
Link 
Security 
Protocol8 

 

 
CCSDS PN7 

 Non-
regenerative. 

 Ranging chip 
rate: ≤ 2 Mcps. 

 

17. SFCG 32-2R1 Communication Frequency Allocations and Sharing in the Lunar Region. 
18. CCSDS 401.0-B-27 Radio Frequency and Modulation Systems--Part 1: Earth Stations and Spacecraft. Blue Book. 
19. CCSDS 131.0-B-3 TM Synchronization and Channel Coding. Blue Book.  
20. CCSDS 732.0-B-3 AOS Space Data Link Protocol. Blue Book.  
21. CCSDS 732.1-R-3.1 Unified Space Data Link Protocol. Red Book. November 2017, currently undergoing publication. 
22. CCSDS (TBD Reference) Coding & Synchronization Sub-layer High Rate Uplink Protocol for AOS & USLP. 
23. CCSDS 414.1-B-2 Pseudo-Noise (PN) Ranging Systems. Blue Book. 
24. CCSDS 355.0-B-1 Space Data Link Security Protocol. Blue Book. 

 

3.2.2.3  DSG – VISITING VEHICLE COMMUNICATION LINKS   

DSG to Visiting Vehicle (VV) link is the space to space link between DSG and a visiting 
vehicles like Orion.  The VV will rendezvous and dock/berth to the DSG.  The DSG to 
VV link will be used to exchange information as well as for radiometric tracking.  This 
link is compatible with the Orion Space to Space Link at S-band and needs to meet the 
Orion space-to-space link standards and requirements.  The detailed breakdown of data 
transferred between DSG and a visiting vehicle is given in Appendix D 

Orion’s S-band system is designed to support space-to-space ranging to provide 
radiometric measurements. The system, in Point B mode, generates, modulates and 
transmits the range channel data; and it receives and processes the coherent turn-
around ranging channel and carrier to obtain the range and range-rate measurements. 
The system, in Point A mode, coherently retransmits the received carrier and range 
channel to support radiometric measurements. The Orion system can support both 
Point A and Point B mode. For this application, the S-band system on the Orion/Visiting 
vehicle side is in Point B mode and the DSG is in Point A mode. Orion/Visiting vehicle 
generates, modulates and transmits the ranging channel, the DSG receives and 
coherently turns it around. Orion again receives, demodulates and processes the range 
channel and carrier to make the range and range rate measurements.  The section 
below describe the standards and protocols for the DSG – VV links. 

3.2.2.3.1  FREQUENCY 

Comm-137: DSG shall use 2200-2290 MHz (S-band) frequency band to transmit signals 
to the VV. 

Rational: Use of near-Earth S-band is compliant with ITU and 
CCSDS/SFCG recommendations.  S-band is used to communicate with 

https://public.ccsds.org/Pubs/131x0b3.pdf
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Visiting Vehicle (Orion) to be compatible with Orion S-band system.  The S-
band frequency pairs used for this link will be captured in the DSG – 
Orion/VV Interface Requirements Documents (IRDs). 

Comm-138: VV shall use 2200-2290 MHz (S-band) frequency band to receive signals 
from the DSG. 

Rational: Use of near-Earth S-band is compliant with ITU and 

CCSDS/SFCG recommendations.  S-band is used to communicate with 
Visiting Vehicle (Orion) to be compatible with Orion S-band system. The S-
band frequency pairs used for this link will be captured in the DSG – 
Orion/VV Interface Requirements Documents (IRDs). 

Comm-139: DSG shall use 2025-2110 MHz (S-band) frequency band to receive signals 
from VV. 

Rational: Use of near-Earth S-band is compliant with ITU and 

CCSDS/SFCG recommendations.  S-band is used to communicate with 
Visiting Vehicle (Orion) to be compatible with Orion S-band system. 

Comm-140: VV shall use 2025-2110 MHz (S-band) frequency band to transmit signals to 
DSG. 

Rational: Use of near-Earth S-band is compliant with ITU and 
CCSDS/SFCG recommendations.  S-band is used to communicate with 
Visiting Vehicle (Orion) to be compatible with Orion S-band system. 

3.2.2.3.2  MODULATION AND SIGNAL CHARACTERISTICS 

Comm-141: VV shall generate and transmit the carrier, short and long PN codes to the 
DSG. 

Rational: The VV will act like the Space Network ground terminal as 
described in 450-SNUG, Space Network Users Guide (SNUG).  

Comm-142: DSG shall coherently retransmit the received carrier with a turn-around ratio 
of 240/221(transmit/receive) for coherent DSG – VV operations. 

Rational: The 240/221 turn-around ratio is required to be compatible with 
Orion and is described in the 450-SNUG, Space Network Users Guide 
(SNUG). Coherent link operation is required for providing the radiometric 
measurements of range and range rate. 

Comm-143: DSG shall coherently retransmit the received range channel data to the VV. 

Rationale: In order to provide range data at the VV, the received range 
channel data at the DSG (Point A System) must be coherently retransmitted 
to VV (Point B Systems). 

Comm-144: DSG shall provide a non-coherent mode of operation on DSG – VV links. 
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Rationale: Non-coherent operation is required in order that DSG can deliver 
telemetry and permit tracking to be performed when it does not receive a 

signal from Earth. When two-way radiometric measurements are not 
required, a non-coherent mode of operation may be preferred since signal 
acquisition and tracking is easier, faster, and requires a lower Eb/No. 

Comm-145: DSG shall automatically switch to a non-coherent mode of operation on 
DSG – VV links if it loses the signal from the VV. 

Rationale: Without automatic switching to non-coherent mode, loss of the 
signal from VV could cause the DSG to stop transmitting as well.  A good 

option is to “freeze” the current carrier frequency and PN chip rate when the 
link from the VV is lost, and maintain the same modulation on DSG 
transmission to the VV. 

Comm-146: VV shall process the received carrier to make radiometric measurements of 
one-way or two-way range rate data for the DSG – VV links. 

Rationale: The VV (Point B) vehicle should measure one-way range rate 
(non-coherent DSG) or two-way range rate (coherent DSG) to support 
rendezvous maneuvering with the DSG. 

Comm-147: VV shall process the coherent turned-around ranging channel data to 
provide radiometric measurements of range data for the DSG – VV links. 

Rationale: The VV (Point B) vehicle should measure range to DSG to 
support rendezvous maneuvering with the DSG. 

Comm-148: VV shall receive signals with modulation schemes in accordance with Table 
3.2.2.3-1 Point A Signal Characteristics for DSG-VV links. 

Rationale: Proximity modulation schemes are chosen to be compatible with 

Orion and existing ground infrastructure as described in 450-SNUG, Section 

6.3 for the SN. The SN Data Group 1 (DG1)/mode 3 and DG2 modulations 
are supported by both the Point A and Point B side of a link for rendezvous 
radiometrics simultaneous with higher data rates. 

Comm-149: DSG shall transmit signals with modulation schemes in accordance with 
Table 3.2.2.3-1 Point A Signal Characteristics for DSG-VV links. 

Rationale: Proximity modulation schemes are chosen to be compatible with 
Orion and existing ground infrastructure as described in 450-SNUG, Section 

6.3 for the SN. The SN Data Group 1 (DG1)/mode 3 and DG2 modulations 
are supported by both the Point A and Point B side of a link for rendezvous 
radiometrics simultaneous with higher data rates. 

Comm-150: DSG shall transmit one data stream using alternate symbols on the inphase 
(I) and quadrature (Q) modulation channels when using Data Group 1 
(DG1) mode 1, DG1 mode 2, or DG2. 
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Rationale: DG1 can accept either one data stream (split between the I and 
Q channels) or two independent data streams. One data stream is chosen 
to be compatible with Orion. 

Comm-151: VV shall receive one data stream using alternate symbols on the inphase (I) 
and quadrature (Q) modulation channels when using Data Group 1 (DG1) 
mode 1, DG1 mode 2, or DG2. 

Rationale: DG1 can accept either one data stream (split between the I and 
Q channels) or two independent data streams. One data stream is chosen 
to be compatible with Orion. 

Comm-152: DSG shall transmit one data stream on the quadrature (Q) modulation 
channel and a Pseudo Noise (PN) ranging code on the inphase (I) 
modulation channel when using Data Group 1 (DG1) mode 3. 

Rationale: DG1 mode 3 is used when both PN code ranging and a higher 

data rate than can be accommodated by DG1 mode 1 or 2 is desired. DG1 
mode 3 accepts a high data rate stream on the Q channel. DG1 mode 3 can 
accept either a LDR stream on the I channel with the ranging code or no 

data on the I channel with the ranging code. One data stream on the Q 
channel is used to be compatible with Orion. 

Comm-153: VV shall receive one data stream on the quadrature (Q) modulation channel 
and a Pseudo Noise (PN) ranging code on the inphase (I) modulation 
channel when using Data Group 1 (DG1) mode 3. 

Rationale: DG1 mode 3 is used when both PN code ranging and a higher 
data rate than can be accommodated by DG1 mode 1 or 2 is desired. DG1 

mode 3 accepts a high data rate stream on the Q channel. DG1 mode 3 can 

accept either a LDR stream on the I channel with the ranging code or no 
data on the I channel with the ranging code. One data stream on the Q 
channel is used to be compatible with Orion. 

TABLE 3.2.2.3-1 POINT A SIGNAL CHARACTERISTICS FOR DSG-VISTING VEHICLE LINKS 

Link Type 
Coded  

Symbol 
Rate  

Data 
Group  

Mode  Doppler 
Measurement  

PN 
Ranging  

Modulation  PN 
Spreading  

DG1 
coherent 
mode 1  

>= 18 Ksps 
<= 600 Ksps  

DG1 
Coherent  

Mode 1  Two-Way  Yes  Balanced SQPN  Yes  

DG1 non-
coherent 
mode 2  

>= 18 Ksps 
<= 600 Ksps  

DG1 Non-
Coherent  

Mode 2  One-Way  No  Balanced SQPN  Yes  

DG1 
coherent 
mode 3  

>= 18 Ksps 
<= 6 Msps  

DG1 
Coherent  

Mode 3  Two-Way  Yes  Spread Spectrum 
(I Only) 
Unbalanced 

QPSK 
(1) 

 

Yes  
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DG2 
coherent  

>= 600 Ksps 
<= 6 Mbps  

DG2 
Coherent  

-  Two-Way  No  Balanced SQPSK  No  

DG2 non-
coherent  

>= 300 Ksps 
<= 6 Msps  

DG2 Non-
Coherent  

-  One-Way  No  Balanced SQPSK  No  

DG2 non-
coherent  

>= 6 Msps 
<= 20 Msps  

DG2 Non-
Coherent  

-  One-Way  No  Balanced SQPSK  No  

NOTE: (1) Power ratio is (1:4), I-channel is PN-only, and Q-channel is data-only 

 

Comm-154: VV shall transmit signals to DSG using SS-UQPSK modulation as shown in 
Table 3.2.2.3-2 Point B Signal Characteristics. 

Rationale: Proximity modulation schemes are chosen to be compatible with 

Orion and existing ground infrastructure as described in 450-SNUG, Section 
6.2 for the SN. The SS-UQPSK modulation is supported by both the Point A 
and Point B side of a link for rendezvous radiometrics simultaneous with low 
data rates. 

Comm-155: DSG shall receive signals from VV with SS-UQPSK modulation schemes in 
accordance with Table 3.2.2.3-2 Point B Signal Characteristics. 

Rationale: Modulation schemes are chosen to be compatible with Orion and 

existing ground infrastructure as described in 450-SNUG, Section 6.3 for the 

SN. The SS-UQPSK modulation is supported by both the Point A and Point 
B side of a link for rendezvous radiometrics simultaneous with low data 
rates. 

TABLE 3.2.2.3-2 POINT B SIGNAL CHARACTERISTICS FOR DSG-VISTING VEHICLE LINKS 

Link Type  Coded Symbol Rate  PN Ranging  Modulation  PN Spreading  

SQPN 1  >= 18 Ksps <= 300 
Ksps  

Yes  Spread Spectrum 
Unbalanced QPSK 
(10:1)  

Yes  

 

3.2.2.3.3  ANTENNA POLARIZATION 

Comm-156: DSG shall transmit using right hand circular polarization on DSG to VV links. 

Rationale: RHCP is selected because to be compatible with Orion. 

Comm-157: DSG shall receive using right hand circular polarization on VV to DSG links. 

Rationale: RHCP is selected because to be compatible with Orion. 

Comm-158: VV shall transmit using right hand circular polarization on DSG to VV links. 

Rationale: RHCP is selected because to be compatible with Orion. 

Comm-159: VV shall receive using right hand circular polarization on DSG to VV links. 
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Rationale: RHCP is selected because to be compatible with Orion. 

3.2.2.3.4  CODING AND SYNCHRONIZATION 

Comm-160: DSG and VV shall use CCSDS Rate 1/2 k=1024 Low Density Parity Code 
as defined in Section 7, TM Synchronization and Channel Coding, CCSDS 
131.0-B-3, for encoding data on DSG – VV links. 

Rationale: Coding gain provided by LDPC codes is ~2dB more than that 
provided by concatenated Reed-Solomon/convolutional codes. Using rate ½ 
LDPC code to be compatible with Orion. 

Comm-161: DSG and VV shall use CCSDS Rate ½ k=1024 Low Density Parity Code as 
defined in Section 7, TM Synchronization and Channel Coding. CCSDS 
131.0-B-3, for decoding data on DSG – VV links 

Rationale: Coding gain provided by LDPC codes is ~2dB more than that 

provided by concatenated Reed-Solomon/convolutional codes. Using rate ½ 
LDPC code to be compatible with Orion. 

Comm-162: DSG and VV shall enable and disable communication link forward error 
correction (FEC) on DSG- VV links upon receipt of command. 

Rationale: DSG needs to able to enable or disable FEC to support 
contingency and other operational scenarios. 

Comm-163: DSG and VV shall apply the 64-bit Attached Sync Marker (ASM) defined in 
Section 8, TM Synchronization and Channel Coding, CCSDS 131.0-B-3 to 
transmitted frames on the DSG – VV links. 

Rationale: Use of the 64-bit CCSDS frame sync pattern identified as ASM 
for Rate ½LDPC Coded Data provides the receiver the ability to synchronize 

at the start of a FEC code block frame and will ensure interoperability 

between DSG and Orion/VV.  Using the same 64 bit ASM for non-FEC 
coded block frames will maintain a common frame structure for all coded 
and uncoded frames. 

Comm-164: DSG and VV shall use the 64-bit Attached Sync Marker (ASM) defined in 
Section 8, TM Synchronization and Channel Coding, CCSDS 131.0-B-3 for 
synchronization of received frames on the DSG-VV links. 

Rationale: Use of the 64-bit CCSDS frame sync pattern identified as ASM 
for Rate ½, 2/3, and 4/5 LDPC Coded Data provides the receiver the ability 
to synchronize at the start of a FEC code block frame and will ensure 
interoperability between DSG and Orion/VV.  Using the same 64 bit ASM for 

non-FEC coded block frames will maintain a common frame structure for all 
coded and uncoded frames. 

Comm-165: DSG and VV shall use bit randomization techniques in accordance with 
CCSDS 131.0-B-3 for randomization of transmitted data streams on DSG-
VV links. 

https://public.ccsds.org/Pubs/131x0b3e1.pdf
https://public.ccsds.org/Pubs/131x0b3e1.pdf
https://public.ccsds.org/Pubs/131x0b3e1.pdf
https://public.ccsds.org/Pubs/131x0b3e1.pdf
https://public.ccsds.org/Pubs/131x0b3e1.pdf
https://public.ccsds.org/Pubs/131x0b3e1.pdf
https://public.ccsds.org/Pubs/131x0b3e1.pdf
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Rationale: Use of bit randomization techniques as specified in CCSDS 
131.0-B-2 will ensure the proper bit synchronization process and 
interoperability between DSG and Orion/VV 

Comm-166: DSG and VV shall use bit derandomization techniques in accordance with 
CCSDS 131.0-B-3 for derandomization of received data streams on DSG-
VV links. 

Rationale: Use of bit derandomization techniques as specified in CCSDS 
131.0-B-2 will ensure the proper bit synchronization process and 
interoperability between DSG and Orion. 

Comm-167: DSG and VV shall use Non-Return-to-Zero-Level (NRZ-L) encoding for 
transmission of data streams on DSG-VV links. 

Rationale: NRZ-L is required to allow LDPC FEC codes to operate at 
maximum efficiency, producing the highest possible amount of coding gain.  

NRZ-L symbol L format encoding has better Eb/No performance than 
differential symbol format encoding like Non-Return-to-Zero-Mark (NRZ-M). 
Phase ambiguity resolution will be resolved by using a frame Attached Sync 
Marker (ASM) rather than using differential encoding like NRZ-M. 

Comm-168: DSG and VV shall use the ASM for resolution of symbol phase ambiguity of 
received data streams. 

Rationale: Phase ambiguity resolution will be resolved by using a frame 

ASM rather than using differential symbol format encoding like Non-Return-
to-Zero-Mark (NRZ-M) since NRZ-L is needed to allow LDPC FEC codes to 
operate at maximum efficiency.  NRZ-L also has better Eb/No performance 
than differential encoding like NRZ-M. 

3.2.2.3.5  DATA LINK LAYER FRAMING 

Comm-169: DSG and VV shall transmit data streams using data link framing as defined 
in CCSDS Advanced Orbiting Systems (AOS) Space Data Link Protocol, 
CCSDS 732.0-B-3 September, 2015 on DSG-VV links. 

Rationale: CCSDS 732.0-B-3 provides the structure for frame construction.  
Need to follow this standard to ensure interoperability between DSG and 
Orion. 

Comm-170: DSG and VV shall receive data streams using data link framing as defined 

in CCSDS Advanced Orbiting Systems (AOS) Space Data Link Protocol, 
CCSDS 732.0-B-3 September, 2015 on DSG-VV links. 

Rationale: CCSDS 732.0-B-3 provides the structure for frame construction.  
Need to follow this standard to ensure interoperability between DSG and 
Orion. 

https://public.ccsds.org/Pubs/131x0b3e1.pdf
https://public.ccsds.org/Pubs/732x0b3.pdf
https://public.ccsds.org/Pubs/732x0b3.pdf
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Comm-171: DSG and VV shall use the Channel Access Data Unit (CADU) shown in 
Table 3.2.2.3-3 when transmitting or receiving FEC coded or uncoded data 
streams on DSG-VV links. 

Rationale: Required for compatibility with Orion. 

The protocol stack for coded DSG-VV link is provided in Figure 3.2.2.3-1 and the 
protocol stack for the uncoded DSG-VV link is provided in Figure 3.2.2.3-2 to provide a 
visualization of how the data is formatted into the frames 
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TABLE 3.2.2.3-3 - CHANNEL ACCESS DATA UNIT (CADU) CHARACTERISTICS (CODED AND UNCODED)  

 
Coding Security Mode ASM Transfer 

Frame 

Header 

Transfer Frame Data Frame 

Error 

Control 

LDPC 

Code 

Parity Field 

AOS-VCP 

Transfer 

Frame 

Length 

AOS Code 

Block Frame 

Length 

CADU 

Length 

Rate ½ 

LDPC 

Coded 

All 64 

bits 

48 bits 976 bits N/A 1024 bits 1024 bits 2048 bits 2112 bits 

   Security 

Header 

M_PDU 

Header 

M_PDU 

Packet 

Zone 

Security 

Trailer 

     

Encryption 

Only 

  64 bits 16 bits 896 bits N/A      

Encryption + 

Authentication 

  64 bits 16 bits 832 bits 64 bits      

Security 

Bypass 

  N/A 16 bits 960 bits N/A      

Uncoded All 64 

bits 

48 bits 1984 bits 16 bits N/A 2048 bits 2048 bits 2112 bits 

   Security 

Header 

M_PDU 

Header 

M_PDU 

Packet 

Zone 

Security 

Trailer 

     

Encryption 

Only 

  64 bits 16 bits 1904 bits N/A      

Encryption + 

Authentication 

  64 bits 16 bits 1840 bits 64 bits      

Security 

Bypass 

  N/A 16 bits 1968 bits N/A      

Notes:  

M_PDU or Encrypted M_PDU = M_PDU Header + M_PDU Packet Zone 

AOS-VCP Transfer Frame = Transfer Frame Header + Transfer Frame Data + Frame Error Control (if applicable) 

AOS Code Block Frame = AOS-VCP Transfer Frame + LDPC Code Parity Field 

CADU Length = ASM + AOS Code Block Frame 
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FIGURE 3.2.2.3-1 - PROTOCOL STACK FOR RATE ½ LDPC CODED LINKS 
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FIGURE 3.2.2.3-2 - PROTOCOL STACK OPTION FOR UNCODED LINKS
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3.2.2.3.6  NETWORK AND FILE/MESSAGE LAYERS 

Comm-172: DSG and VV shall use CCSDS File Delivery Protocol as defined in CCSDS 
File Delivery Protocol (CFDP), CCSDS 727.0-B-4 January 2007 on DSG-VV 
links. 

Rationale: Provide reliable, accountable transfer of application data between 
the end nodes or between 2 nodes over point-to-point space link. 

Comm-173: DSG and VV shall encapsulate IP packets using the CCSDS Encapsulation 
Service (CCSDS 133.1-B-2, Encapsulation Service, and CCSDS 702.1-B-1, 
IP Over CCSDS Space Links) on DSG-VV links. 

Rationale: The CCSDS standard for transferring IP packets over a space 

link is to prepend CCSDS Internet Protocol Extension (IPE) octet(s) to each 

IP packet and encapsulate the result in a CCSDS Encapsulation packet as 
described in CCSDS 702.1-B-1 and CCSDS 133.1-B.2. The Space 

Assigned Number Authority (SANA) registry lists the CCSDS recommended 
protocols to be encapsulated and their enumerations for the content of the 
IPE header. 

Comm-174: DSG shall implement Delay Tolerant Networking Bundle Protocol as 
specified in CCSDS Bundle Protocol Specification, CCSDS 734.2-B-1 on 
the DSG-VV link. 

Rationale: Provide lunar network and inter-planetary network functionality, 

e.g., network addressing, routing, and QoS management, in end-to-end 
communications environment of intermittent connectivity.  When functioning 
as a relay, the DSG must have the capability to multiplex/demultiplex 

capability to deal with multiple data streams from multiple sources over 
heterogeneous links. 

Comm-175: VV shall (TBR-20) implement Delay Tolerant Networking Bundle Protocol as 
specified in CCSDS Bundle Protocol Specification, CCSDS 734.2-B-1 on 
the DSG-VV link. 

Rationale: Provide lunar network and inter-planetary network functionality, 
e.g., network addressing, routing, and QoS management, in end-to-end 
communications environment of intermittent connectivity.  When functioning 
as a relay, the DSG must have the capability to multiplex/demultiplex 
capability to deal with multiple data streams from multiple sources over 
heterogeneous links 

Comm-176: DSG and VV should (TBR-18) implement the CCSDS standard 
“Streamlined Bundle Security Protocol” (DRAFT CCSDS 734.5-B-1) to 
secure DTN standard data bundles on the DSG-VV link. 

Rationale:  Securing DTN bundles for transport is essential. 

https://public.ccsds.org/Pubs/727x0b4.pdf
https://public.ccsds.org/Pubs/734x2b1.pdf
https://public.ccsds.org/Pubs/734x2b1.pdf
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Comm-177: When DSG – VV data links are not using secure DTN bundling, they should 
(TBR-19) provide for the option to implement Internet Protocol Security 
(IPSec) over IP links. IPSec is specified in RFC 6071. 

Rationale:  Application of IPSec to these data flows is strongly 

recommended to reduce mission risk when the data flows are not secured 
by the DTN Bundle security protocol.  

Comm-178: DSG shall implement the Licklider Transmission Protocol Convergence 
Layer Adapter as specified in CCSDS 734.2-B-1 on the DSG-VV link. 

Rationale: In cases when Bundle Protocol is used over long delay or 
environments not conducive to IP-based convergence layers, LTP can 
provide reliable delivery. LTP may optionally be used over UDP [TBR] 

Comm-179: VV shall (TBR-21) implement the Licklider Transmission Protocol 
Convergence Layer Adapter as specified in CCSDS 734.2-B-1 on the DSG-
VV link. 

Rationale: In cases when Bundle Protocol is used over long delay or 

environments not conducive to IP-based convergence layers, LTP can 
provide reliable delivery. LTP may optionally be used over UDP [TBR] 

Comm-180: DSG shall implement the Encapsulation Convergence Layer Adapter as 
specified in CCSDS 734.2-B-1 on the DSG-VV link. 

Rationale: In circumstances when Bundle Protocol is used without a 
transport layer protocol, the encapsulation convergence layer adapter will 
allow bundles to be directly encapsulated and transmitted over CCSDS link 
layer protocols.  

Comm-181: VV shall (TBR-20) implement the Encapsulation Convergence Layer 
Adapter as specified in CCSDS 734.2-B-1 on the DSG-VV link. 

Rationale: In circumstances when Bundle Protocol is used without a 

transport layer protocol, the encapsulation convergence layer adapter will 
allow bundles to be directly encapsulated and transmitted over CCSDS link 
layer protocols.  

Comm-182: DSG and VV should implement the TCP Convergence Layer Adapter as 
specified in RFC 7242 (TBR-17) on the DSG-VV link. 

Rationale: When a hop between DTN nodes is carried over an IP network, 
the TCP convergence layer will provide reliable delivery of bundles. RFC 
7242 is in the experimental stage and not a finalized standard. 

Comm-183: DSG and VV should implement the UDP Convergence Layer Adapter as 
specified in CCSDS 734.2-B-1 on the on the DSG-VV link. 

Rationale: When a hop between DTN nodes is carried over an IP network, 
the UDP convergence layer will provide unreliable delivery of bundles. 

https://tools.ietf.org/html/rfc6071
https://public.ccsds.org/Pubs/734x2b1.pdf
https://public.ccsds.org/Pubs/734x2b1.pdf
https://public.ccsds.org/Pubs/734x2b1.pdf
https://public.ccsds.org/Pubs/734x2b1.pdf
https://tools.ietf.org/html/rfc7242
https://public.ccsds.org/Pubs/734x2b1.pdf
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Addition of LTP over the UDP convergence layer may be used to provide 
reliable bundle delivery. 

3.2.2.3.7  SECURITY 

Comm-184: DSG and VV shall implement FIPS PUB 197, Advanced Encryption 
Standard (AES), for all encryption of inter-system data exchanges on DSG-
VV links. 

Rationale: AES has replaced the Digital Encryption Standard (DES) as the 
algorithm of choice for Federal Information Systems per FIPS PUB 197. 
Compatibility with Orion. 

Comm-185: DSG and VV shall implement the Advanced Encryption Standard - Galois 
Counter Mode (AES-GCM) algorithm per NIST SP 800-38D, with 256-bit 

keys, 96-bit Initialization Vectors (IVs), and with authentication tag lengths of 
128 bits truncated to 64 bits on DSG-VV links. 

Rationale: The use of AES-GCM is an efficient implementation for 
encryption and authentication of data and information exchanges. 
Compatibility with Orion. 

Comm-186: DSG and VV shall implement link layer security as specified by CCSDS 
355.0-R-4, Space Data Link Security Protocol on DSG-VV links. 

Rationale: Compatibility with Orion 

3.2.2.4  PROXIMITY COMMUNICATIONS: DSG – EVA COMMUNICATIONS LINK 

There will be DSG based EVA for contingencies and/or emergencies.  The current DSG 
habitation system is being designed to accommodate a maximum of 4 EVA crew 
members.  During EVAs, there will be 2 EVA crew members outside the DSG at any 
given time.  There will be no EVAs during any rendezvous, docking, berthing, etc. 
operations.  The DSG will relay the EVA data to/from Earth.  When there are crewed 
lunar surface operations, the EVAs will be based off of lunar rovers and/or lunar habitat.  
There will be up to 4 EVA crew members on the lunar surface and they communicate 
with the rover/habitat.  The rover/habitat will relay EVA data to/from Earth and/or DSG.   

EVAs have a requirement for high-reliability, robust, low rate communications for audio, 
biomedical and suit telemetry (critical data) with ranges up to 500 meters between each 
other and/or between the EVA and the DSG.  EVAs have a need for high rate data 
transfer for imagery, etc. with communication ranges up to 300 meters. The EVAs are 
planning on using the same hardware for DSG and lunar surface operations. 

Two different communication standards will be used to support the unique needs of 
EVA communications.  This section will address the low rate, high reliability, robust 
communications between the DSG and EVAs (same set of standards and protocols will 
be used for EVA-Rover/habitat communications on lunar surface).  The next section, 
3.2.2.5, will address the non-critical, high rate communications between DSG and EVAs 
as well as other users and applications. 

https://public.ccsds.org/Pubs/355x0b1.pdf
https://public.ccsds.org/Pubs/355x0b1.pdf
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3.2.2.4.1  DSG- EVA COMMUNICATIONS – FREQUENCY, NUMBER OF USERS 

Comm-187: DSG shall use 410 MHz – 420 MHz (UHF), TBR-3, frequency band to 
communicate with EVAs. 

Rationale: UHF signal characteristics maximizes coverage around 
obstacles, provides immunity to fading, and provides some penetration 
through structures making it highly suitable to support robust, high reliability, 

low rate communications.  (High rate communications would not be suitable 
at this band since it requires higher size, weight and power than other 
frequency bands). 

Comm-188: EVAs shall use 410 MHz – 420 MHz (UHF), TBR-3, frequency band to 
communicate with DSG. 

Rationale: UHF signal characteristics maximizes coverage around 
obstacles, provides immunity to fading, and provides some penetration 

through structures making it highly suitable to support robust, high reliability, 
low rate communications.  (High rate communications would not be suitable 
at this band since it requires higher size, weight and power than other 
frequency bands). 

Comm-189: DSG – EVA communication system shall support simultaneous 
communications between 5 users. 

Rationale: There are 5 users of this system at any given time (4 EVAs and 

DSG; and on the lunar surface, 4 EVAs and a rover/habitat).  The EVA crew 
members need to be able to communicate with each other and the 
DSG/rover/habitat. 

3.2.2.4.2  DSG – EVA COMMUNICATION LINK – SIGNAL CHARACTERISTICS 

TBD-2 (defining standards for signal modulation, coding, etc. is forward work) 

3.2.2.4.3  DSG – EVA COMMUNICATION LINK – NETWORK  

Comm-190: DSG – EVA communication system shall use frame and network control 
architecture similar to the International Space Station Space-to-Space 
Communication System (SSCS) (TBR-4). 

Rationale: The ISS SSCS provides for simultaneous communications 
between ISS and 4 other users for ranges up to 7 km. The system uses a 
Time Division Multiple Access (TDMA) architecture with 5 user slots 
separated by a guard band to allow for propagation delays.  Any user can 
enter the network and establish a slot that other users synchronize to and 
setup their own transmissions.  

3.2.2.4.4  DSG – EVA COMMUNICATIONS: SECURITY 

TBD-3 (determining security needs and requirements/standards is forward work)  
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3.2.2.5  DSG – WIRELESS COMMUNICATION LINKS 

Wireless communication networks provides communications within the DSG as well as 
external to the DSG. There are many users and applications for wireless 
communications (payload data transfer, camera images, wireless sensing for 
monitoring, radio frequency identification (RFID) based inventory management, etc.) 
This section defines the protocols and standards for wireless communications.  
(Standards and products for wireless communications are rapidly evolving as consumer 
demands call for more capability and newer technologies.  Therefore, wireless 
standards called out today may become obsolete by the time the DSG is assembled 
and operational --- therefore, this section should be updated as the newer standards 
come out, have viable implementations, have applicability to DSG, and are agreed to by 
the all the international partners.) 

Comm-191: DSG wireless systems shall use the following enumerated standards for 
wireless communications: 

1. Access point(s) supporting clients conforming to version IEEE 802.11n 
(TBR-8) in the 2.4GHz unlicensed band to provide wireless network 
extension inside and outside the DSG.  Operational constraints can be 
used to mitigate any interference issues caused by the use of 2.4GHz 
band for external wireless communications during DSG-VV rendezvous, 
proximity operations and docking. 

2. Access point(s) supporting clients conforming to versions IEEE 802.11n 
and 802.11ac (TBR-9) in the 5GHz unlicensed band to provide wireless 
network extension inside and outside the DSG. 

3. RFID based systems shall follow the protocols and standards provided in 
CCSDS Spacecraft Onboard Interface Services – RFID Based Inventory 
Management Systems, Recommended Practice, CCSDS 881.0-M-1 
(TBR-10) to provide RFID services within the DSG. 

4. RFID based systems shall use the 902-928 MHz ISM band (TBR-10) to 
provide RFID services within the DSG. 

5. RFID based systems shall support tags conforming to TBD-6 to provide 
RFID services inside the DSG.  (Note: EPC Global Class 1 Generation 2 
RFID, version 1.2.0 (TBR-10) based on CCSDS 881.0-M-1 are currently 
used in many systems) 

6. Gateway for Bluetooth supporting devices conforming to Bluetooth 
version 4.0 (Classic and BLE) in the 2.4GHz unlicensed band to provide 
services inside the DSG (TBR-11). 

7. Access point(s) supporting clients conforming to at least version IEEE 
802.11ah (TBR-12) in the 900MHz unlicensed band to provide wireless 
network extension outside the DSG. 

8. LTE eNodeB(s) supporting UEs conforming to Release 13 (TBR-13) in a 
licensed band to provide gateway network extension inside and outside 
the DSG. 

Rationale:  The identified standards 802.11n/ac, Bluetooth/BLE, RFID 

support development of a wide range of non-critical application classes 

https://public.ccsds.org/Pubs/881x0m1.pdf
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using durable markets for commercial off-the-shelf (COTS) hardware from a 
large pool of vendors and supported by sizeable development 

communities.  Applications range from streaming high-definition video, to 
wearables, to passive sensors or inventory tags.  802.11ah offers 
substantial range extension, and is anticipated to be widely available before 

work on DSG begins.  LTE can be deployed in licensed bands and has 
more evolved Quality of Service controls and therefore can be offered to 
critical applications.  Products are available which support the wireless 

standards, and wired cameras or other sensors can also be integrated with 
wireless peripherals. 

3.2.2.6  DSG – LUNAR SURFACE COMMUNICATION LINKS 

This section captures the standards and protocols for communications between the 

DSG and elements while on the lunar surface (example: rover, habitat, etc.).  The 
elements on the lunar surface may have other communication links to Earth, relay 
satellites, etc. – it is not within the scope of this document to capture the standards and 
protocols for those links. 

Lunar surface concept of operations, mission needs, etc. are still being developed by 
NASA and International Partners and the following sections contain drafts to provide 
some reference and context.  Once the concept of operations, capabilities needed and 
IOAG’s Lunar architecture get more defined, the standards in the following sections will 
be updated and finalized.  A summary of the draft standards for the DSG – Lunar 
surface links is given in Table 3.2.2.6-1. 

TABLE 3.2.2.6-1 SUMMARY OF STANDARDS FOR DSG – LUNAR SURFACE RF LINK 

 Frequency 

Bands1 

Modulation2 Coding3  Space Data 

Link Protocol 

Space Data 

Link Security  

Ranging 

 DSG – Lunar 

Surface   

 

22.55-23.15 
GHz 

 

 OQPSK 

- Modulation on 
suppressed 
carrier 

 
(Note: use of 
Proximity-1 
protocol is being 
considered for this 
link – however, it 
has only been 
implemented at 
UHF.  Unclear 
what, if any, 
changes need to 
be made to get it 
to work at Ka-
band) 

 
LDPC3, 6: 

 Coding rates:  
- 1/2, 

2/3, 
4/5, 

7/8 

 Codeblock size: 
- 2048 octets (for 

rates 1/2, 
2/3, 

4/5,) 

- 1020 octets (for 

rate 7/8)  

(Note: use of 
Proximity-1 
protocol is being 
considered for this 
link – however, it 
has only been 
implemented at 
UHF.  Unclear 
what, if any, 
changes need to 
be made to get it 
to work at Ka-
band) 

 
AOS4, USLP5 

 AOS frame 
size: 
- 2048 octets 

and 64 bit 
ASM (for 

rates 1/2, 

2/3, 
4/5,) 

- 1020 octets 
and 32 bit 
ASM (for 

rate 7/8) 

(Note: use of 
Proximity-1 
protocol is 
being 
considered for 
this link – 
however, it has 
only been 
implemented at 
UHF.  Unclear 
what, if any, 
changes need 
to be made to 

 

CCSDS 
Space Data 
Link Security 
Protocol8 

(Note: use of 
Proximity-1 
protocol is 
being 
considered for 
this link – 
however, it 
has only been 
implemented 
at UHF.  
Unclear what, 
if any, 
changes need 
to be made to 
get it to work 
at Ka-band) 

 

None 
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get it to work at 
Ka-band) 

 

Lunar Surface 
to DSG 

 

25.5-27.0 
GHz 

 

 OQPSK 

Modulation on 
suppressed carrier 

(Note: use of 
Proximity-1 
protocol is being 
considered for this 
link – however, it 
has only been 
implemented at 
UHF.  Unclear 
what, if any, 
changes need to 
be made to get it 
to work at Ka-
band) 

 

 
LDPC3,6: 

 Coding rates:  

- 1/2, 
2/3, 

4/5, 
7/8 

 Codeblock size: 
- 2048 octets (for 

rates 1/2, 
2/3, 

4/5,) 

- 1020 octets (for 

rate 7/8)  

(Note: use of 
Proximity-1 
protocol is being 
considered for this 
link – however, it 
has only been 
implemented at 
UHF.  Unclear 
what, if any, 
changes need to 
be made to get it 
to work at Ka-
band) 

 
AOS4, USLP5 

 AOS frame 
size: 
- 2048 octets 

and 64 bit 
ASM (for 

rates 1/2, 

2/3, 
4/5,) 

- 1020 octets 
and 32 bit 
ASM (for 

rate 7/8) 

 
(Note: use of 
Proximity-1 
protocol is 
being 
considered for 
this link – 
however, it has 
only been 
implemented at 
UHF.  Unclear 
what, if any, 
changes need 
to be made to 
get it to work at 
Ka-band) 

 

 
CCSDS 
Space Data 
Link Security 
Protocol8 

 

(Note: use of 
Proximity-1 
protocol is 
being 
considered for 
this link – 
however, it 
has only been 
implemented 
at UHF.  
Unclear what, 
if any, 
changes need 
to be made to 
get it to work 
at Ka-band) 

None 

25. SFCG 32-2R1 Communication Frequency Allocations and Sharing in the Lunar Region. 
26. CCSDS 401.0-B-27 Radio Frequency and Modulation Systems--Part 1: Earth Stations and Spacecraft. Blue Book. 
27. CCSDS 131.0-B-3 TM Synchronization and Channel Coding. Blue Book.  
28. CCSDS 732.0-B-3 AOS Space Data Link Protocol. Blue Book.  
29. CCSDS 732.1-R-3.1 Unified Space Data Link Protocol. Red Book. November 2017, currently undergoing publication. 
30. CCSDS (TBD Reference) Coding & Synchronization Sub-layer High Rate Uplink Protocol for AOS & USLP. 
31. CCSDS 414.1-B-2 Pseudo-Noise (PN) Ranging Systems. Blue Book. 

CCSDS 355.0-B-1 Space Data Link Security Protocol. Blue Book. 

3.2.2.6.1  FREQUENCY FOR DSG-LUNAR SURFACE  LINK 

Comm-192: DSG shall use 22.55 – 23.15 GHz (TBR-6) frequency band to transmit 
signals to the lunar surface element on the DSG-Lunar Surface RF link. 

Rationale: Use of near-Earth Ka-band since it is more efficient than, S-band 
or UHF.   ITU and CCSDS/SFCG recommendations has Ka-band allocated 
for communications between lunar orbit and lunar surface.  It does not have 

X-band in its recommendations for communications between lunar orbit and 
lunar surface communications.   

Comm-193: Lunar Surface element shall use 22.55 – 23.15 GHz (TBR-6) frequency 
band to receive signals from the lunar surface element on the DSG-Lunar 
Surface RF link. 

Rationale: Use of near-Earth Ka-band since it is more efficient than, S-band 

or UHF.   ITU and CCSDS/SFCG recommendations has Ka-band allocated 
for communications between lunar orbit and lunar surface.  It does not have 

https://public.ccsds.org/Pubs/131x0b3.pdf
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X-band in its recommendations for communications between lunar orbit and 
lunar surface communications 

Comm-194: Lunar surface element shall use 25.5 – 27.0 GHz (TBR-6) frequency band 
to transmit signals to the DSG on the DSG-Lunar Surface link. 

Rationale: Use of near-Earth Ka-band or X-band since it is more efficient 
than S-band or UHF.  Currently ITU and CCSDS/SFCG recommendations 

has Ka-band allocated for communications between lunar orbit and lunar 
surface.  It does not have X-band in its recommendations for 
communications between lunar orbit and lunar surface communications.  

Comm-195: DSG shall use 25.5 – 27.0 GHz (TBR-6) frequency band to receive signals 
from the DSG on the DSG-Lunar Surface link. 

Rationale: Use of near-Earth Ka-band or X-band since it is more efficient 
than S-band or UHF.  Currently ITU and CCSDS/SFCG recommendations 

has Ka-band allocated for communications between lunar orbit and lunar 
surface.  It does not have X-band in its recommendations for 
communications between lunar orbit and lunar surface communications  

3.2.2.6.2  MODULATION FOR THE DSG-LUNAR SURFACE LINK 

(Note: use of Proximity-1 protocol is being considered for this link – however, the 
standard has been written UHF centric and it has been implemented at UHF (Reference 
Proximity-1 Space Link Protocol--Physical Layer, CCSDS 211.1-B-4).  Only NASA and 
ESA have developed systems using Proximity-1 for communications between Mars 
surface assets and a Mars Orbiter for lower rate data transfers than what is being 
anticipated for the DSG – Lunar surface applications.  It is unclear what changes need 
to be made to get Proximity-1 to work at Ka-band and higher data rates.  If Proximity-1 
is updated to work with Ka-band and is selected for this link, this section will be updated 
as needed.) 

Comm-196: DSG and lunar surface element shall implement OQPSK with modulation on 
suppressed carrier to transmit signals as described in Radio Frequency and 
Modulation Systems--Part 1: Earth Stations and Spacecraft, Section 2, 
CCSDS 401.0-B-27, Blue Book on the DSG-Lunar Surface link. (TBR-23) 

Rationale: OQPSK with modulation on suppressed carrier provides spectral 
efficiency and interoperability between DSG and NASA/IP/etc. assets, 

provides spectrum efficiency and meets spectrum constraints imposed by 
SFCG and NTIA. 

Comm-197: DSG and lunar surface element shall implement OQPSK with modulation on 
suppressed carrier to receive signals as described in Radio Frequency and 
Modulation Systems--Part 1: Earth Stations and Spacecraft, Section 2, 
CCSDS 401.0-B-27, Blue Book on the DSG-Lunar Surface link. (TBR-23). 

Rationale: OQPSK with modulation on suppressed carrier provides spectral 
efficiency and interoperability between DSG and NASA/IP/etc. assets, 

https://public.ccsds.org/Pubs/211x1b4.pdf
https://public.ccsds.org/Pubs/401x0b27.pdf
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provides spectrum efficiency and meets spectrum constraints imposed by 
SFCG and NTIA. 

3.2.2.6.3  CODING AND SYNCHRONIZATION FOR THE DSG-LUNAR SURFACE LINK 

(Note: use of Proximity-1 protocol is being considered for this link – however, the 
standard has been written UHF centric and it has been implemented at UHF. 
(Reference Proximity-1 Space Link Protocol—Coding and Synchronization Sublayer, 
CCSDS 211.2-B-2 ). Only NASA and ESA have developed systems using Proximity-1 
for communications between Mars surface assets and a Mars Orbiter for lower rate data 
transfers than what is being anticipated for the DSG – Lunar surface applications.  It is 
unclear what changes need to be made to get Proximity-1 to work at Ka-band and 
higher data rates.  If Proximity-1 is updated to work with Ka-band and is selected for this 
link, this section will be updated as needed.) 

Comm-198: DSG and lunar surface element shall use CCSDS Low Density Parity 
Codes, rate ½, rate 2/3, rate 4/5, or rate 7/8 for encoding data as defined in 
Section 7, TM Synchronization and Channel Coding CCSDS 131.0-B-3 on 
the DSG-Lunar Surface link. (TBR-24). 

Rationale: Coding gain provided by LDPC codes is ~2dB more than that 
provided by concatenated Reed-Solomon/convolutional codes.   Can 
implement one, two, three or all four of the above LDPC codes based on 
data rates and other system needs/constraints. 

Comm-199: DSG and lunar surface element shall use CCSDS Low Density Parity 
Codes, rate ½, rate 2/3, rate 4/5, and rate 7/8 for decoding data as defined in 
Section 7, TM Synchronization and Channel Coding CCSDS 131.0-B-3 on 
the DSG-Lunar Surface link. (TBR-24). 

Rationale: Coding gain provided by LDPC codes is ~2dB more than that 
provided by concatenated Reed-Solomon/convolutional codes.    

Comm-200: DSG and lunar surface element shall apply the Attached Sync Marker 
(ASM) defined in Section 9, TM Synchronization and Channel Coding 
CCSDS 131.0-B-3, to transmitted frames per Table 3.2.2.2-2 on the DSG-
Lunar Surface link. (TBR-24) 

Rationale: Use of the 64-bit CCSDS frame sync pattern identified as ASM 
for rate ½, rate 2/3, or rate 4/5 and the 32-bit CCSDS frame sync pattern 
identified for rate 7/8 LDPC Coded Data provides the receiver the ability to 
synchronize at the start of a FEC code block frame and will ensure 
interoperability between DSG and NASA/IP assets.  Using the same 64 
bit/32 bit ASM for non-FEC coded block frames will maintain a common 

frame structure for all coded and uncoded frames, which will reduce 
Program implementation complexity and costs. 

Comm-201: DSG and lunar surface element shall use the Attached Sync Marker (ASM) 
defined in Section 9, TM Synchronization and Channel Coding CCSDS 

https://public.ccsds.org/Pubs/211x2b2.pdf
https://public.ccsds.org/Pubs/131x0b3e1.pdf
https://public.ccsds.org/Pubs/131x0b3e1.pdf
https://public.ccsds.org/Pubs/131x0b3e1.pdf
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131.0-B-3 for synchronization of received frames per Table 3.2.2.2-2 on the 
DSG-Lunar Surface link. (TBR-24). 

Rationale: Use of the 64-bit CCSDS frame sync pattern identified as ASM 
for rate ½, rate 2/3, or rate 4/5 and the 32-bit CCSDS frame sync pattern 
identified for rate 7/8 LDPC Coded Data provides the receiver the ability to 
synchronize at the start of a FEC code block frame and will ensure 
interoperability between DSG and NASA/IP assets.  Using the same 64 

bit/32 bit ASM for non-FEC coded block frames will maintain a common 
frame structure for all coded and uncoded frames, which will reduce 
Program implementation complexity and costs. 

Comm-202: DSG and lunar surface element shall use bit randomization techniques in 
accordance with CCSDS 131.0-B-3 for randomization of transmitted data 
streams on the DSG-Lunar Surface link. (TBR-24). 

Rationale: Use of bit randomization techniques as specified in CCSDS 

131.0-B-2 will ensure the proper bit synchronization process and 
interoperability between DSG and NASA/IP assets 

Comm-203: DSG and lunar surface element shall use bit derandomization techniques in 
accordance with CCSDS 131.0-B-3 for derandomization of received data 
streams on the DSG-Lunar Surface link. (TBR-24) 

Rationale: Use of bit randomization techniques as specified in CCSDS 
131.0-B-2 will ensure the proper bit synchronization process and 
interoperability between DSG and NASA/IP assets 

Comm-204: DSG and lunar surface element shall use Non-Return-to-Zero-Level (NRZ-
L) encoding for transmission of data streams on the DSG-Lunar Surface 
link. (TBR-24). 

Rationale: NRZ-L is required to allow LDPC FEC codes to operate at 

maximum efficiency, producing the highest possible amount of coding gain.  
NRZ-L symbol L format encoding has better Eb/No performance than 
differential symbol format encoding like Non-Return-to-Zero-Mark (NRZ-M). 
Phase ambiguity resolution will be resolved by using a frame Attached Sync 
Marker (ASM) rather than using differential encoding like NRZ-M. 

Comm-205: DSG and lunar surface element shall use the ASM for resolution of symbol 
phase ambiguity of received data streams on the DSG-Lunar Surface link. 
(TBR-24) 

Rationale: Phase ambiguity resolution will be resolved by using a frame 
ASM rather than using differential symbol format encoding like Non-Return-

to-Zero-Mark (NRZ-M) since NRZ-L is needed to allow LDPC FEC codes to 
operate at maximum efficiency.  NRZ-L also has better Eb/No performance 
than differential encoding like NRZ-M. 

https://public.ccsds.org/Pubs/131x0b3e1.pdf
https://public.ccsds.org/Pubs/131x0b3e1.pdf
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3.2.2.6.4  DATA LINK LAYER FOR THE DSG-LUNAR SURFACE LINK 

(Note: use of Proximity-1 protocol is being considered for this link – however, the 
standard has been written UHF centric and it has been implemented at UHF (Reference 
Proximity-1 Data layer implementation as described in Space Link Protocol--Data Link 
Layer, CCSDS 211.0-B-5). Only NASA and ESA have developed systems using 
Proximity-1 for communications between Mars surface assets and a Mars Orbiter for 
lower rate data transfers than what is being anticipated for the DSG – Lunar surface 
applications.  It is unclear what changes need to be made to get Proximity-1 to work at 
Ka-band and higher data rates.  If Proximity-1 is updated to work with Ka-band and is 
selected for this link, this section will be updated as needed.) 

Comm-206: DSG and lunar surface elements shall transmit data streams using data link 
framing as defined in CCSDS Advanced Orbiting Systems (AOS) Space 

Data Link Protocol, CCSDS 732.0-B-3, on the DSG-Lunar Surface link. 
(TBR-25). 

Rationale: CCSDS 732.0-B-3 provides the structure for frame construction.  
Need to follow this standard to ensure interoperability between DSG and 
NASA/IP assets.   

NOTE: CCSDS is working to baseline the Unified Space Link Protocol 
(USLP).  Once the USLP blue book is baselined and all partners agree to 
implement it, this standard will be updated with the USLP blue book. 

Comm-207: DSG and lunar elements shall receive data streams using data link framing 
as defined in CCSDS Advanced Orbiting Systems (AOS) Space Data Link 
Protocol, CCSDS 732.0-B-3, on the DSG-Lunar Surface link. (TBR-25). 

Rationale: CCSDS 732.0-B-3 provides the structure for frame construction.  
Need to follow this standard to ensure interoperability between DSG and 
NASA/IP assets.   

NOTE: CCSDS is working to baseline the Unified Space Link Protocol 
(USLP).  Once the USLP blue book is baselined and all partners agree to 
implement it, this standard will be updated with the USLP blue book. 

3.2.2.6.5  NETWORK LAYERS AND ABOVE FOR THE DSG-LUNAR SURFACE LINK 

(Note: use of Proximity-1 protocol is being considered for this link – however, the 
standard has been written UHF centric and it has been implemented at UHF.  Only 
NASA and ESA have developed systems using Proximity-1 for communications 
between Mars surface assets and a Mars Orbiter for lower rate data transfers than what 
is being anticipated for the DSG – Lunar surface applications.  It is unclear what 
changes need to be made to get Proximity-1 to work at Ka-band and higher data rates.  
If Proximity-1 is updated to work with Ka-band and is selected for this link, this section 
will be updated as needed.) 
 

https://public.ccsds.org/Pubs/211x0b5.pdf
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3.2.2.6.5.1  NETWORK LAYER  

Comm-208: DSG and lunar elements shall transmit and receive data streams using the 
CCSDS Encapsulation Service as defined in CCSDS 133.1-B-2  when 
communicating over CCSDS Data Link Layer Protocols on the DSG-Lunar 
Surface link. (TBR-26). 

Rationale: CCSDS Data Link Layers are designed to carry either CCSDS 

Space Packets or Encapsulation Packets. The Encapsulation Service 
provides the compatibility between the higher layer data units and the 
CCSDS Data Link Layers. 

Comm-209: DSG and lunar elements shall transmit and receive IP packets using the 
CCSDS IP over CCSDS standard CCSDS 702.1-B-1 when using IP packets 
over CCSDS Data Link Layers on the DSG-Lunar Surface link. (TBR-26). 

Rationale: This allows IP packet use interoperability over CCSDS links. 

Comm-210: DSG and lunar elements shall use IP as specified in IPv4 (RFC 791) or IPv6 

(RFC 8200) (TBR-16) as a network layer on the DSG-Lunar Surface link. 
(TBR-26).  

Rationale: IP provides for network layer services over interfaces that have 

low delay (under 5 sec (TBD)) and an expectation of real time end-to-end 
connectivity. Use of IP allows for maximum leverage of terrestrial 
networking developments under appropriate circumstances. IPv4-based 

technology is widely available in the commercial market.  IPv6-only stack 
provides advantages such as increased security and more efficient 
routing.  IPv6 technology is not as readily available. 

3.2.2.6.5.2  TRANSPORT LAYER 

Comm-211: DSG and lunar elements shall (TBR-7) implement Licklider Transmission 
Protocol (LTP) as specified in CCSDS Licklider Transmission Protocol for 
CCSDS, CCSDS 734.1-B-1 on the DSG-Lunar Surface link. (TBR-26). 

Rationale: LTP is a reliable point-to-point transport protocol, over which the 
Bundle Protocols will run.  LTP is not expected to be used for all links, but 
was designed for long-haul links with high delay. 

Comm-212: DSG and lunar elements shall implement Transmission Control Protocol 
(TCP) as specified in RFC 793 on the DSG-Lunar Surface link. (TBR-26). 

Rationale: TCP is a reliable transport protocol for use on IP networks. 

Comm-213: DSG and lunar elements shall implement User Datagram Protocol (UDP) as 
specified in RFC 768 on the DSG-Lunar Surface link. (TBR-26). 

Rationale: UDP provides best effort transport protocol for use on IP 
networks. 

 

https://public.ccsds.org/Pubs/133x1b2c2.pdf
https://public.ccsds.org/Pubs/702x1b1c1.pdf
https://tools.ietf.org/html/rfc791
https://tools.ietf.org/html/rfc8200
https://public.ccsds.org/Pubs/734x1b1.pdf
https://tools.ietf.org/html/rfc793
https://tools.ietf.org/html/rfc768
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3.2.2.6.5.3  BUNDLE AND BUNDLE CONVERGENCE LAYER 

Comm-214: DSG and lunar elements shall implement Delay Tolerant Networking Bundle 
Protocol as specified in CCSDS Bundle Protocol Specification, CCSDS 
734.2-B-1 on the DSG-Lunar Surface link. (TBR-26). 

Rationale: Provide lunar network and inter-planetary network functionality, 
e.g., network addressing, routing, and QoS management, in end-to-end 

communications environment of intermittent connectivity.  When functioning 
as a relay, the DSG must have the capability to multiplex/demultiplex 
capability to deal with multiple data streams from multiple sources over 
heterogeneous links. 

Comm-215: DSG and lunar elements should (TBR-18) implement the CCSDS standard 
“Streamlined Bundle Security Protocol” (DRAFT CCSDS 734.5-B-1) to 
secure DTN standard data bundles. 

Rationale:  Securing DTN bundles for transport is essential. 

Comm-216: When DSG and lunar elements data links are not using secure DTN 
bundling, they should (TBR-19) provide for the option to implement Internet 
Protocol Security (IPSec) over IP links. IPSec is specified in RFC 6071. 

Rationale:  Application of IPSec to these data flows is strongly 
recommended to reduce mission risk when the data flows are not secured 
by the DTN Bundle security protocol.  

Comm-217: DSG and lunar elements shall implement the Licklider Transmission 
Protocol Convergence Layer Adapter as specified in CCSDS 734.2-B-1 on 
the DSG-Lunar Surface link. (TBR-26). 

Rationale: In cases when Bundle Protocol is used over long delay or 

environments not conducive to IP-based convergence layers, LTP can 
provide reliable delivery. LTP may optionally be used over UDP [TBR] 

Comm-218: DSG and lunar elements shall implement the Encapsulation Convergence 
Layer Adapter as specified in CCSDS 734.2-B-1 on the DSG-Lunar Surface 
link. (TBR-26). 

Rationale: In circumstances when Bundle Protocol is used without a 
transport layer protocol, the encapsulation convergence layer adapter will 
allow bundles to be directly encapsulated and transmitted over CCSDS link 
layer protocols.  

Comm-219: DSG and lunar elements should implement the TCP Convergence Layer 
Adapter as specified in RFC 7242 (TBR-17) on the DSG-Lunar Surface link. 
(TBR-26). 

Rationale: When a hop between DTN nodes is carried over an IP network, 
the TCP convergence layer will provide reliable delivery of bundles. RFC 
7242 is in the experimental stage and not a finalized standard. 

https://public.ccsds.org/Pubs/734x2b1.pdf
https://public.ccsds.org/Pubs/734x2b1.pdf
https://tools.ietf.org/html/rfc6071
https://public.ccsds.org/Pubs/734x2b1.pdf
https://public.ccsds.org/Pubs/734x2b1.pdf
https://tools.ietf.org/html/rfc7242
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Comm-220: DSG and lunar elements should implement the UDP Convergence Layer 
Adapter as specified in CCSDS 734.2-B-1 on the DSG-Lunar Surface link. 
(TBR-26). 

Rationale: When a hop between DTN nodes is carried over an IP network, 

the UDP convergence layer will provide unreliable delivery of bundles. 
Addition of LTP over the UDP convergence layer may be used to provide 
reliable bundle delivery. 

3.2.2.6.5.4  APPLICATION LAYER 

Comm-221: All applications transferring data over the DSG - lunar element interface 
shall use either DTN Bundle Protocol or IP as specified above on the DSG-
Lunar Surface link. (TBR-26). 

Rationale: This will allow all data flows to be routable by intermediate nodes. 
Any application that expects to flow data to and from Earth either directly or 

relayed should use BP to accommodate delays or end-to-end link 
availability. Though IP may work in some Cislunar cases, use of BP will 
allow the application to also function in deep space cases.  

Comm-222: DSG and lunar elements shall use CCSDS File Delivery Protocol Class 1 
and Class 2 as defined in CCSDS File Delivery Protocol (CFDP), CSDS 
727.0-B-4 transmit and receive application layer files on the DSG-Lunar 
Surface link. (TBR-26). 

Rationale: Provide reliable, accountable transfer of files. 

Comm-223: DSG and lunar elements should (TBR-14) use asynchronous message 
service (AMS) as defined in Asynchronous Message Service (AMS) CCSDS 
735.1-B-1 to transmit and receive messages on the DSG-Lunar Surface 
link. (TBR-26). 

Rationale: provides a standard, reusable infrastructure for the exchange of 
information among data system modules in a manner that is simple to use, 
highly automated, flexible, robust, scalable, and efficient. 

3.2.2.6.6  SECURITY FOR THE DSG-LUNAR SURFACE LINK 

(Note: use of Proximity-1 protocol is being considered for this link – however, the 
standard has been written UHF centric and it has been implemented at UHF.  Only 
NASA and ESA have developed systems using Proximity-1 for communications 
between Mars surface assets and a Mars Orbiter for lower rate data transfers than what 
is being anticipated for the DSG – Lunar surface applications.  It is unclear what 
changes need to be made to get Proximity-1 to work at Ka-band and higher data rates.  
If Proximity-1 is updated to work with Ka-band and is selected for this link, this section 
will be updated as needed.) 
 

https://public.ccsds.org/Pubs/734x2b1.pdf
https://public.ccsds.org/Pubs/727x0b4.pdf
https://public.ccsds.org/Pubs/727x0b4.pdf
https://public.ccsds.org/Pubs/735x1b1.pdf
https://public.ccsds.org/Pubs/735x1b1.pdf
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The following define the security standards to ensure interoperability.  The actual links & 
data to be protected, security & key management, etc. will be based on the International 
Partner agreement on security policies for the Program(s). 

Comm-224: DSG and lunar surface elements shall implement CCSDS Cryptographic 
Algorithms, CCSDS 352.0-B-1, Advanced Encryption Standard (AES), for 
encryption and decryption of data exchanges on the DSG-Lunar Surface 
link. (TBR-27). 

Rationale: AES is the algorithm of choice for Federal Information Systems 
per FIPS PUB 197.  

Comm-225: DSG and lunar surface elements shall implement the Advanced Encryption 
Standard specifically the Galois Counter Mode (AES-GCM) algorithm per 
NIST SP 800-38D, with 256-bit keys, 96-bit Initialization Vectors (IVs), and 

with authentication tag lengths of 128 bits truncated to 64 bits for data 
exchanges on the DSG-Lunar Surface link. (TBR-27)  Programs need to 

assess the level of Security Information Assurance and Risks for non-
command and control links, and shall select an appropriate AES mode 
commensurate with those risks, and implement MOU/MOA agreements to 
handle applicable circumstances. 

Rationale: The use of AES-GCM is an efficient implementation for 
encryption and authentication of data and information exchanges. 

Comm-226: DSG and lunar surface elements shall implement link layer security as 
specified by CCSDS 355.0-B-1, Space Data Link Security Protocol for data 
exchanges on the DSG-Lunar Surface link. (TBR-27). 

Rationale: Use CCSDS standards to ensure interoperability and 
compatibility. 

Comm-227: DSG and lunar surface elements shall implement authentication as 
specified by CCSDS 355.0-B-1 CCSDS Cryptographic Algorithms for data 
exchanges on the DSG-Lunar Surface link. (TBR-27). 

Rationale: DSG needs to support authentication in addition to encryption. 

Comm-228: DSG and lunar surface elements shall be able to enable or disable 
encryption to support contingency operations on the DSG-Lunar Surface 
link. (TBR-27). 

Rationale: DSG needs to be able to turn off encryption to support 
spacecraft recovery, contingency modes, etc. 

Comm-229: DSG and lunar surface elements shall employ key management techniques 
as defined in TBD-1 on the DSG-Lunar Surface link. (TBR-27). (TBD-1 
could be SDLS Extended Procedures standard (draft CCSDS 355.1-B-1) as 
noted below) 

https://public.ccsds.org/Pubs/352x0b1.pdf
https://public.ccsds.org/Pubs/355x0b1.pdf
https://public.ccsds.org/Pubs/355x0b1.pdf
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Rationale: This requirement ensures that keys are managed in an 
interoperable manner. 

Note: CCSDS is working on the SDLS Extended Procedures standard 
(CCSDS 355.1-B-1). Once the standard is baselined and all partners agree 

to implement it, this standard will be updated with the Symmetric Key 
Management blue book. 

3.3  PERFORMANCE 

The link specific performance parameters and requirements (example: data rates, bit-
error rates, received power, antenna gain, etc.) will be captured in the interface control 
documents (ICDs) between the respective end points. The standards required for 
interoperability are defined in this version of the document (provides the necessary 
requirements for interoperability).  The next version of the document will include the 

details at specific protocol stack levels and meeting them will be sufficient for 
interoperability – in the course of defining those details, if there is a need to specify data 
rates (or any other parameter) as part of the protocol stack, it will be added to this 
document. 

For reference, anticipated data rates for the different links and a basis of estimation for 
these data rates is given in Appendix F. 

Comm-230: All DSG communication links shall have a minimum 3 dB (TBR-5) link 
margin. 

Rationale: Having a certain amount of link margin ensures that the 
communication link can still be established in case there are additional 
degradations during off-nominal or contingency situations.  

Comm-231: All DSG uncoded communication links shall have a channel bit error rate of 
less than or equal to 10-6 (TBR-ber). 

Rationale: A bit error rate requirement is one factor in providing a robust 
communication channel.  Where we measure the bit error rate and what 
should that value be needs to be determined for this application.  

Comm-232: All DSG coded communication links shall have a frame error rate less than 
or equal to 10-7(TBR-fer) 

Rationale: A bit error rate requirement is one factor in providing a robust 
communication channel.  However, for links using block codes, frame error 

rate better performance measures.  The value(s) of frame error rate 
specified for this application needs to be determined.  
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3.4  VERIFICATION AND TESTING 

The detailed flowdown of the interface standards will be captured in the ICDs between 
the respective endpoints.  The corresponding verification requirements will be defined 
and described in the ICDs.  Majority of the requirements will be verified using a 
combination of interface/compatibility testing and analysis at the subsystem and system 
level.   

Once the ICDs are developed, this section will either be updated to reference the 
respective ICDs for the verification requirements or captured in this section. 

TBD-4 
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4.0  FUTURE TOPICS FOR POSSIBLE STANDARDIZATION 

4.1  DETAILS TO PROVIDE “SUFFICIENCY FOR INTEROPERABILITY” 

The protocols and standards currently defined in this standard are necessary to provide 
interoperability between systems and elements.  The protocols and standards have 
different options and protocol stack dependent implementation details need to be further 
specified to ensure that the interface is sufficiently defined to be interoperable.  Future 
revisions of this standard will provide the requirements to meet the necessary and 
sufficient conditions for interoperability. 

4.2  EXTENSION OF STANDARDS AND PROTOCOLS FOR DEEP SPACE MISSIONS 

The ICSIS document addresses standards and protocols for both DSG and DST.  The 
current version of the document does not explicitly address standards and protocols for 

the deep space missions.  Every effort is being made to ensure compatibility and 
extensibility of protocols and standards selected for cislunar missions to deep space 
exploration missions. Future revisions of this document will be include any modifications 
to the protocols and standards for deep space applicability.  For example, the 
frequencies defined for the cislunar applications are per the near-Earth spectrum 
allocations.  The frequencies for deep space excursions need to be added to be 
compliant with deep space spectrum allocations. 

4.3  CONTINGENCY COMMUNICATIONS 

The interoperability standards for contingency/emergency communications are currently 
being discussed and worked at the IOAG level. Once the standards for contingency 
communications and agreed to by all the partners, it will be included in this 
Interoperability Standards document.  Some guidance on the current thinking of the 
IOAG working group is currently provided in this section 

4.4  DSG-LUNAR SURFACE COMMUNICATIONS 

Lunar surface concept of operations, mission needs, etc. are still being developed by 
NASA and the International Partners.  The sections under DSG-Lunar communications 
contain some guidance on current thinking to provide some reference and context.  
Once the concept of operations, capabilities needed and IOAG’s Lunar architecture get 
more defined, the standards in the corresponding sections will be updated and finalized. 

4.5  END-TO-END COMMUNICATIONS WITH MISSION CONTROL CENTERS 

The current version of the document does not include any standards or protocols that 

specifies explicit requirements for the operation of space links, from the DSG Mission 
Control Center, using Space Link Extension (SLE) services (such as Forward-
Communication Link Transmission Units (F-CLTU), etc.) and Cross Support Transfer 
Services (CSTS) (e.g., Monitor Data-CSTS) protocols.  Nor are there explicit 
requirements for space link layer capability to multiplex/de-multiplex multiple data 
streams to/from multiple destinations/sources in supporting DTN service.  These will be 
addressed in future revisions of this document. 
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APPENDIX A   ACRONYMS AND ABBREVIATIONS 

AES Advanced Encryption Standard 
AMS Asynchronous Message Service 
AOS Advanced Orbiting Systems 
API Application Program Interface 
ASM Attached Sync Marker 

B-PDU Bitstream Protocol Data Units 
BER Bit Error Rate 
BPSK Binary Phase Shift Keying 

C&T Communications & Tracking 
CADU Channel Access Data Unit 

CCSDS Consultative Committee on Space Data Systems 
CFDP CCSDS File Delivery Protocol 
CMD Command 
CSMA Carrier Sense Multiple Access 
CSTS Cross Support Transfer Services 
CWER Codeword Error Rate 
Codec Coding/Decoding 

dB Decibel 
DES Digital Encryption Standard 
DFE Direct From Earth 
DG1 Data Group 1 
DSN Deep Space Network 
DTE Direct To Earth 
DTN Disruption Tolerant Networking 

EIRP Effective Isotropic Radiated Power 
ENCAP Encapsulation 
EVA Extravehicular Activity 
Eb/No Energy per Bit-To-Noise Power Spectral Density Ratio 

F-CLTU Forward-Communication Link Transmission Units 
FEC Forward Error Correction 
FIPS Federal Information Processing Standards 
FIPS PUB Federal Information Processing Standard Publication 
FLR Frame Loss Rate 
FM Frequency Modulation 

GCM Galois/Counter Mode 
GPS Global Positioning System 
GSFC Goddard Space Flight Center 
GbE Gigabit Ethernet 

HD High Definition 
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HDR High Data Rate 
HDTV High Definition Television 
HR High Rate 
HSF Human Space Flight 
HTTP Hypertext Transfer Protocol 
Hz Hertz 

I Inphase 
ICD Interface Control Document 
IEEE Institute of Electrical and Electronics Engineers 
IOAG Interagency Operations Advisory Group 
ISO International Standards Organization 
ISS International Space Station 
ITU International Telecommunications Union 

IV Initialization Vector 

JPEG Joint Photographic Experts Group 

kbps kilobits per second 
kHz Kilohertz 
km Kilometer 
ksps kilo symbols per second 

LDPC Low Density Parity Check 
LDR Low Data Rate 
LEO Low Earth Orbit 
LHCP Left Hand Circular Polarization 
LSB Least Significant Bit 
LVL Level 

m meter 
M-PDU Multiplexed Protocol Data Units 
MA Multiple Access 
MCB 
MHz 

Multilateral Coordination Board 
megahertz 

MPCV Multi-Purpose Crew Vehicle 
MSB Most Significant Bit 
Mbps Megabits per second 
Msps Mega symbols Per Second 

N/A Not Applicable 
NASA National Aeronautics and Space Administration 
NEN Near Earth Network 
NIST National Institute of Standards and Technology 
NRZ-L Non-Return to Zero Level 
NRZ-M Non-Return to Zero Mark 
NDS Noise Spectral Density 
ns nanosecond 
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NTIA National Telecommunications and Information Administration 

PCM Pulse Code Modulation 
PFD Power Flux Density 
PHY Physical Layer 
PM Phase Modulation 
PN Pseudo Noise 
PSK Phase Shift Keying 
PTP Point-to-Point 

Q Quadrature 
QPSK Quadrature Phase Shift Keying 
QoS Quality of Service 

RCV Receive 
RF Radio Frequency 
RFI Radio Frequency Interface 
RHCP Right-Hand Circular Polarization 
RPOD Rendezvous-Proximity Operation-Docking 
RS Reed Solomon 

SATCOM Satellite Communications 
SCaN Space Communications and Navigation 
SE&I Systems Engineering and Integration 
SI International System of Units 
SLE Space Link Extension 
SN Space Network 
SNR Signal-to-Noise Ratio 
SNUG Space Network Users Guide 
SQPN Staggered Quadrature Phase Noise 
SQPSK Staggered Quadrature Phase Shift Keying 

TBD To Be Determined 
TBR To Be Resolved 
TLM Telemetry 
TM Telemetry 
TRP Total Receive Power 
TRP/NSD Total Receive Power/Noise Spectral Density 

UER Undetected Codeword Error Rate 
UHF Ultra-High Frequency 
UQPSK Unbalanced Quad Phase Shift Keying 
US United States 
USN Universal Space Network 
UTC Coordinated Universal Time 

VC Virtual Channel 
VCA Virtual Channel Access 
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VCP Virtual Channel Packet 
VHF Very High Frequency 
VOIP Voice Over IP 
VSWR Voltage Standing Wave Ratio 

WSC White Sands Complex 

XMIT Transmit 
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APPENDIX B   GLOSSARY 

 

Bent pipe  

Header of data is read and processed or modified, as needed, and (header + data) sent 
on to the correct user. Actual user or payload data is not processed or modified.  

DSG-Ground  

The term used for the Earth side of the interface that performs the required function.  
This could be ground station(s) (examples: Deep space network, near-earth network, 
etc.) or it could be a combination of ground station(s) and control center, etc.  The 
ground station(s) used could be any of the NASA ground stations, an international 

partner ground station, a commercial or other agency ground station or a combination of 
one or more available ground stations. 

Relay  

Forward data from other DSG elements /payloads on to its destination, store data if link 
is not available.  
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APPENDIX C   OPEN WORK 

Table C-1 lists the specific To Be Determined (TBD) items in the document that are not yet 

known. The TBD is inserted as a placeholder wherever the required data is needed and is 

formatted in bold type within brackets. The TBD item is numbered based on the section where 

the first occurrence of the item is located as the first digit and a consecutive number as the 

second digit (i.e., <TBD 4-1> is the first undetermined item assigned in Section 4 of the 

document). As each TBD is solved, the updated text is inserted in each place that the TBD 

appears in the document and the item is removed from this table. As new TBD items are 

assigned, they will be added to this list in accordance with the above described numbering 

scheme. Original TBDs will not be renumbered. 

TABLE C-1 TO BE DETERMINED ITEMS 

TBD Section Description 

TBD-1 3.2.2.2.1.7 

3.2.2.2.2.1.6 

3.2.2.6.6 

No standard yet for symmetric key management – CCSDS is working on a 
standard for this.  Replace TBD-1 when this standard gets baselined and all 
International partners agree to implement it. 

TBD-2 3.2.2.4.2 Need to define signal characteristics for DSG-EVA communications 

TBD-3 3.2.2.4.4 Need to determine security needs and requirements/standards for DSG-EVA 
communications 

TBD-4 3.4 This version of the document does not have the verification requirements 

completed.  Detailed verification requirements will be defined in the respective 

ICDs between the two end-points.  Future revisions of this document will 

include pointers to the location of the verification requirements. 

TBD-5 3.2.2.2.2.2 Optical Standards are still being worked by CCSDS.  Once they have been 
finalized and agreed to by the International partners, they will be added to the 
document 

TBD-6 3.2.2.5 RFID tag encoding standard needs to be added 

TBD-7 3.2.1.3 Providing metadata with imagery is open since there is not an international 
standard for it.  There is a NASA STD 2822 for it  

TBD-8 3.2.2.2.3 Need to develop contingency communications standards 

TBD-9   

   

   

   

 

Table C-2 lists the specific To Be Resolved (TBR) issues in the document that are not yet 

agreed to. The TBR is inserted as a placeholder wherever the required data is needed and is 

formatted in bold type within brackets. The TBR issue is numbered based on the section where 

the first occurrence of the issue is located as the first digit and a consecutive number as the 

second digit (i.e., <TBR 4-1> is the first unresolved issue assigned in Section 4 of the 

document). As each TBR is resolved, the updated text is inserted in each place that the TBR 

appears in the document and the issue is removed from this table. As new TBR issues are 

assigned, they will be added to this list in accordance with the above described numbering 

scheme. Original TBRs will not be renumbered. 
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TABLE C-2 TO BE RESOLVED ISSUES 

TBR Section Description 

TBR-2 3.2.2.2.1.4 Need to agree on using CCSDS 506.1-B-1 Delta-DOR raw data exchange 
format 

TBR-3 3.2.2.4 The frequency for the DSG-EVA (proximity communications) – being 
proposed as UHF needs to be resolved 

TBR-4 3.2.2.4 ISS SSCS frame and network control architecture is proposed for the DSG-
EVA communication system – this needs to be resolved within the standards 
team 

TBR-5 3.3 Need to finalize how much link margin should be carried for DSG 
communication links 

TBR-6 3.2.2.6.1.1 Need to resolve frequency for DSG-lunar surface element communications – 
Ka-band is being proposed 

TBR-7 3.2.2.2.1.6.2 
3.2.2.2.2.1.5.2 
3.2.2.6.5.1.2    

Need to resolve whether LTP is a requirement (“shall”) for cislunar operational 
links or it is something to “test” at cislunar and require for deep space 
exploration missions when the time delays are greater. 

TBR-8 3.2.2.5.1 Need to resolve standards for wireless communications 802.11.xx. in 2.4 GHz 
band 

TBR-9 3.2.2.5.1 Need to resolve standards for wireless communications 802.11.xx. in 5 GHz 
band 

TBR-10 3.2.2.5.1 Need to resolve standards for RFID systems 

TBR-11 3.2.2.5.1 Need to resolve if we want to have Bluetooth and if so, what standard to use 

TBR-12 3.2.2.5.1 Need to resolve if we want to have IEEE802.11.ac and if so, what standard to 
use 

TBR-13 3.2.2.5.1 Need to resolve if we want to have LTE and if so, what standard to use 

TBR-14 3.2.2.2.1.6.4 
3.2.2.2.1.5.4 
3.2.2.6.5.1.4 

Need to resolve if AMS is a requirement - AMS is not needed to use CFDP, 
and in fact, CFDP is most often without AMS. 

TBR-15 3.2.2.2.2 Ka-band uplink side of interface has not yet been implemented and a 
minimum implementation is provided here for guidance.  TBR will be removed 
when get agreement on the Ka-band uplink implementation by the partners. 

TBR-16 3.2.2.2.1.6.1 
3.2.2.2.1.5.1 
3.2.2.6.5.1.1 

Need to resolve between IPv4 and IPv6 

TBR-17 3.2.2.2.1.6.3 
3.2.2.2.1.5.3 
3.2.2.3.6  
3.2.2.6.5.1.3 

Resolve need for TCP Convergence layer adapter 

TBR-18 3.2.2.2.1.6.3 
3.2.2.2.1.5.3 
3.2.2.3.6  
3.2.2.6.5.1.3 

Resolve need to implement streamlined bundle security protocol once 

standards has been baselined and agreed to implementation by the partners. 

 

TBR-19 3.2.2.2.1.6.3 
3.2.2.2.1.5.3 
3.2.2.3.6  
3.2.2.6.5.1.3 

Option to use IPSec when not using secure DTN bundling 

TBR-20 3.2.2.3.6 implementation of bundle protocol, by visiting vehicles 

TBR-21 3.2.2.3.6 implementation of LTP by visiting vehicles 

TBR-22 3.2.2.3.6 implementation of encapsulation convergence layer adapter by visiting 

vehicles 

TBR-23 3.2.2.6.2 modulation for lunar comm 

TBR-24 3.2.2.6.3 coding and synchronization for Lunar comm 
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TBR-26 3.2.2.6.5 network layer and above for lunar comm 

TBR-27 3.2.2.6.6 security layer for lunar comm 

TBR28   

TBR-29   

TBR-30   

TBR-31   

TBR-32   

TBR-33   
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APPENDIX D    DATA TRANSFER DETAILS 

Data Transfer between DSG and Earth 

 

 

Data Transfer between DSG and Visiting Vehicle (Orion) 
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APPENDIX E   FUNCTIONAL DATA FLOW – GENERIC LUNAR/PLANETARY 

MISSION 

 
 

 
 
 
Note:  Communication links are shown between surface elements as well as between 
surface elements and Earth for completeness.   Definition of interoperability standards 
for these links are currently not within the scope of this document.
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APPENDIX F   DATA RATE BASIS OF ESTIMATES 

 

Communication Link Forward Link Return Link Data Rate Justification  

Earth to Space Vehicle 

in Cislunar Orbit 

 

& 

 

Earth to Space Vehicle 

while on excursion to 

Mars (and other Deep 

Space Destinations) 

2-10+  Mbps 
10-100+ 

Mbps 

Forward Link: Allows: 

 ~20 kbps for audio: 2 channels 

(assuming ~ 10 kbps per channel 

depending on compression used) 

 ~100 kbps for commands: (ISS has 

~40kbps for commands, double to 

account for attached elements & 

surface vehicles + add 20kbps for 

margin) 

 ~100 kbps for Software uploads: 

Full On-Board SW Upload ~100 

Mbps; Assuming 1 hour contact 

time with Earth and full SW upload 

in that 1 hour and using a factor of 4 

margin gives ~100kbps 

 ~1-2 Mbps for mission planning: 

(procedures, file transfers, etc.)  

 ~2+ Mbps Video/imagery: 

minimum 1 channel 1080p HD @ 2 

Mbps, more likely 5Mbps (if 4K, 

then 8Mbps best case or 16Mbps 

conservative case) 

 ~2+ Mbps crew communications 

(private medical conference, family 

communications, etc. (audio 

synchronized with video is ~4.2 

Mbps)) 

Return Link: Allows: 

 ~20 kbps for audio: 2 channels 

(assuming ~ 10 kbps per channel 

depending on compression used) 
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 ~450 kbps for telemetry 

(operational, crew health and status, 

situation awareness).  Includes 

telemetry from attached elements 

 80+ Mbps 

Engineering/Science/Video: assume 

2 channels 4K video is 32 Mbps, 

double for margin and add another 

16Mbps to account for relay of 

video for surface assets, etc. 

 ~1-2 Mbps file transfers, etc. 

 ~2+ Mbps crew communications 

(private medical conference, family 

communications, etc. (audio 

synchronized with video is ~4.2 

Mbps)) 

Space Vehicle to Moon 

& Mars Surface 

Elements (and other 

Deep Space 

Destinations) 

1-10+ Mbps 5- 25+ Mbps 

Forward Link: Allows: 

 ~20 kbps for audio: 2 channels 

(assuming ~ 10 kbps per 

channel depending on 

compression used) 

 ~50 kbps for commands 

 ~25 kbps for Software uploads: 

Full On-Board SW Upload 

~100 Mbps; Assuming 1 hour 

contact time with and full SW 

upload in that 1 hour gives ~25 

kbps 

 ~1-2 Mbps for mission 

planning: (procedures, file 

transfers, etc.)  

 ~2+ Mbps Video/imagery: 

minimum 1 channel 1080p HD 

@ 2 Mbps, more likely 5Mbps 

(if 4K, then 8Mbps best case or 

16Mbps conservative case) 
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 ~2+ Mbps crew 

communications (relayed) 

(private medical conference, 

family communications, etc. 

(audio synchronized with video 

is ~4.2 Mbps)) 

Return Link: Allows: 

 ~20 kbps for audio: 2 channels 

(assuming ~ 10 kbps per 

channel depending on 

compression used) 

 ~450 kbps for telemetry 

(operational, crew health and 

status, situation awareness).  

Includes telemetry from 

attached elements 

 16+ Mbps 

Engineering/Science/Video: 

assume 1 channels 4K video is 

8 Mbps, double for margin. 

 ~1-2 Mbps file transfers, etc. 

 ~2+ Mbps crew 

communications (relayed) 

(private medical conference, 

family communications, etc. 

(audio synchronized with video 

is ~4.2 Mbps)) 

Element to Element on 

Surface of Destination 

1- 20+ Mbps 

(two-way comm) 

Exchange: 

 ~20 kbps for audio: 2 channels 

(assuming ~ 10 kbps per 

channel depending on 

compression used) 

 ~100 kbps for command and 

telemetry 

 ~1-2 Mbps for mission 

planning: (procedures, file 

transfers, etc.)  
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 ~2+ Mbps Video/imagery: 

minimum 1 channel 1080p HD 

@ 2 Mbps, more likely 5Mbps 

(if 4K, then 8Mbps best case or 

16Mbps conservative case) 

Space Vehicle and 

Element in proximity 

of Space Vehicle such 

as a resupply vehicle or 

EVA crewmember 

up to 1 Mbps 
up to 10 

Mbps 

Forward Link: Allows: 

 ~20 kbps for audio: 2 channels 

(assuming ~ 10 kbps per channel 

depending on compression used) 

 ~100 kbps for range, range rate 

measurements, command, telemetry 

(in case it needs to be relayed to 

Earth), etc.;  

 ~500 kbps for video/images (not 

necessarily HD or 4K – support 

GN&C during rendezvous and 

docking) 

Return Link: Allows: 

 ~20 kbps for audio: 2 channels 

(assuming ~ 10 kbps per channel 

depending on compression used) 

 ~450 kbps for telemetry 

(operational, crew health and status, 

situation awareness).  Includes 

telemetry from attached elements 

 8 Mbps Video: assume 2 channels 

HD @4Mbps/channel. 

Earth and Element on 

Surface of Moon & 

Mars (and other Deep 

Space Destinations) 

at least 16 kbps 
at least 256 

kbps 

Forward Link: Allows: 

 ~10 kbps for audio: 1 channels 

(assuming ~ 10 kbps per 

channel depending on 

compression used) 

 ~2-6 kbps for commanding 

Return Link: Allows: 

 ~10 kbps for audio: 1 channels 

(assuming ~ 10 kbps per 

channel depending on 

compression used) 
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 ~240 kbps for telemetry 

(operational, crew health and 

status, situation awareness, 

science etc.).  
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PREFACE 

INTERNATIONAL ENVIRONMENTAL CONTROL AND LIFE SUPPORT SYSTEM (ECLSS) 
INTEROPERABILITY STANDARDS 

This International Environmental Control and Life Support System (ECLSS) 
Interoperability Standards document establishes standards to expand permanent 
human presence beyond low-Earth orbit through collaborative endeavors to develop the 
necessary ECLSS technical solutions.  Interoperability standards enable collaboration 
with international and commercial industry partners, where practical. 

Configuration control of this document is the responsibility of the International Space 
Station (ISS) Multilateral Coordination Board (MCB), which is comprised of the 
international partner members of the ISS. The National Aeronautics and Space 
Administration (NASA) will maintain the International Environmental Control and Life 

Support System (ECLSS) Interoperability Standards under Human Exploration and 
Operations Mission Directorate (HEOMD). Any revisions to this document will be 
approved by the ISS MCB. 
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1.0  INTRODUCTION  

This International ECLSS Interoperability Standards is the result of a collaboration by 
the International Space Station (ISS) membership to establish, interoperable interfaces, 
terminology, techniques, and environments to facilitate collaborative endeavors of 
space exploration in cis-Lunar and deep space environments.  

Standards that are established and internationally recognized have been selected 
where possible to enable commercial solutions and a variety of providers.  Increasing 
commonality while decreasing unique configurations has the potential to reduce the 
traditional barriers in space exploration: overall mass and volume required to execute a 
mission.  Standardizing interfaces reduces the scope of the development effort and 
allows more focus on performance instead of form and fit.  

The information within this document represents a set of parameters enveloping a broad 

range of conditions, which if accommodated in the system architecture support greater 
efficiencies, promote cost savings, and increase the probability of mission success.  
These standards are not intended to specify system details needed for implementation 
nor do they dictate design features behind the interface, specific requirements will be 
defined in unique documents.  

1.1  PURPOSE AND SCOPE 

The purpose of the ECLSS Standards is to provide common basic performance 
parameters based on applicable, internationally recognized standards to allow 
developers to independently develop ECLSS technology solutions which can be easily 
compared and seamlessly integrated. These standards are expected to apply to both 
Deep Space Gateway (DSG) and Deep Space Transport (DST) elements. They are not 
intended to change requirements for the Orion spacecraft. They address areas covering 
cabin atmospheric conditions, potable water supply, urine stabilization, and special 
technical areas associated with ECLSS process technology or component compatibility.  

For technical areas associated with ECLSS process technology or component 
compatibility, standards are provided to define appropriate constraints and/or guidance 
necessary to comply with the specific compatibility issue. In some cases, there are 
specific constraining technical solutions that are expected to be applied to the DSG&T 
to enable interoperability, based on current data available. These solutions are 
described in the rationale, and would be implemented in future verification.  

For technical areas that have inconsistencies or conflicts between the applicable 
standard documents, the inconsistency or conflict is resolved by evaluating overlaps 
between the applicable standards to create reasonable technical compromise. 

Standard requirements for other technical areas necessary to develop a suitable 
exploration ECLSS which require further evaluation by the ECLSS technical community 
are identified. Additional performance and design specification requirements will be 
necessary to achieve a detailed system design implementation. Some of these have 
been identified in the document as “Placeholders” for future research, discussion, and 
negotiation, and are listed in Section 5. These are not expected to be resolved for initial 
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release of the standard. Content in these technical areas will be added to the document 
as common resolutions for standards in these technical areas are defined. 

1.2  RESPONSIBILITY AND CHANGE AUTHORITY 

Any proposed changes to this standard by the participating partners of this agreement 
shall be brought forward to the working group of ECLSS experts discussing these topics 
under the ECLSS International System Maturation Team (I-SMT) for review. 

Configuration control of this document is the responsibility of the International Space 
Station (ISS) Multilateral Coordination Board (MCB), which is comprised of the 
international partner members of the ISS. The National Aeronautics and Space 
Administration (NASA) will maintain the International Environmental Control and Life 
Support System (ECLSS) Standards under the Human Exploration and Operations 
Mission Directorate (HEOMD). Any revisions to this document will be approved by the 
ISS MCB. 

1.3  PRECEDENCE 

This paragraph describes the hierarchy of document authority and identifies the 
document(s) that take precedence in the event of a conflict between content. Applicable 
documents include requirements that must be met. If a value in an applicable document 
conflicts with a value here, then the system may need to be able to meet both values in 
specific scenarios.  

Reference documents are either published research representing a specific point in 
time, or a document meant to guide work that does not have the full authority of an 
Applicable document. If a value in this document conflicts with a value in a referenced 
document, then it should be assumed that the value here was deliberately changed 
based on new data or a special constraint for the missions discussed. 
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2.0  DOCUMENTS 

2.1  APPLICABLE DOCUMENTS 

The following documents include specifications, models, standards, guidelines, 
handbooks, and other special publications. Applicable documents are levied by 
programs with authority to control system design or operations. The documents listed in 
this paragraph are applicable to the extent specified herein. Inclusion of applicable 
documents herein does not in any way supersede the order of precedence identified in 
Section 1.3 of this document. 

The documents specified here are assigned by individual partner agencies to levy 
requirements on their own performance. However, these documents may not yet 
capture all of the relevant information for future missions. The requirements 
development in these activities may have early information or lead to changes in these 
documents that are more suitable for future missions.  

NASA-STD-3001, Vol 2 NASA Space Flight Human-System Standard, Vol. 2: Human 
Factors, Habitability, and Environmental Health 

Note that Revision A is currently released, but many values in this 

document include content in work for Revision B draft. An future DSG&T 

parent program would levy the current version on contracts at the 

appropriate time. 

GOST Р 50804-95 Group 
D10 

State Standard of the Russian Federation Cosmonaut’s 
Habitable Environments on Board of Manned Spacecraft: 
General Medicotechnical Requirements (GOST)  

 
 

2.2  REFERENCE DOCUMENTS 

The following documents contain supplemental information to guide the user in the 
application of this document. These reference documents may or may not be 
specifically cited within the text of this document. Several of these documents are levied 
within the details of applicable documents above, but may be tailored for these 
missions. 

NASA/SP-2010-
3407/REV1 

Human Integration Design Handbook Revision 1 

JSC 20584 Spacecraft Maximum Allowable Concentrations for Airborne 
Contaminants 

JSC 63414 Spacecraft Water Exposure Guidelines 

Working Document 
Reference Numbers: 

Draft ISO Standards for Human-Medical Requirements 
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ISO/DIS 16726, ISO/DIS 
16157, ISO/DIS 17763 

AIAA 2009-01-2592 A Design Basis for Spacecraft Cabin Trace Contaminant 
Control 
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3.0  INTERNATIONAL ENVIRONMENTAL CONTROL AND LIFE SUPPORT (ECLSS) 

INTEROPERABILITY STANDARDS 

3.1  GENERAL 

The purpose of the ECLSS Standards is to provide common basic performance 
parameters based on applicable, internationally recognized standards to allow 
developers to independently develop ECLSS technology solutions which can be easily 
compared and seamlessly integrated. Use of standard assumptions makes technology 
development more efficient, especially when multiple partners are involved in a joint 
venture. 

This document focuses on system performance parameters and technical areas that 
most directly affect interoperability between vehicle systems and ECLSS technology 
developer solutions. 

The following subsections describe the key exploration ECLSS system interfaces and 
performance parameters that are pertinent to DSG&T missions. 

3.2  INTERFACES AND SYSTEM COMPATIBILITY 

This section describes constraints created by fluids that flow between systems, and will 
be expanded to include mechanical connections or other interfaces in future updates. 
Other applicable standards documents cover interfaces such as power, command and 
data avionics, and thermal control. Unless otherwise stated, the features called out in 
this section and its subsections shall be implemented by ECLS systems to ensure 
compatibility between and within ECLS systems. For ECLSS components, this interface 
may also be between the ECLSS component and the human crewmembers. Other 
interfaces are the result of technology and system choices, or the result of allocation of 
requirements and resources between systems. Each requirement is specified only once 
with its required value and tolerance, if relevant. For some standards, a minimum 
success requirement for crew health and safety and a goal value for optimal crew 
comfort and performance may both be specified. For physical connections, deviations 
from these dimensions may be possible.  

3.2.1  ENGINEERING UNITS OF MEASURE 

This standard will use the metric system (SI) as the primary units of measure, with 
appropriate decimal multipliers. Alternate units may be provided in addition to metric 
units. Values given may be described as maximums, minimums, nominal set points, or 
ranges. Margin of error and margin of control is not included in ranges provided 
because it is a result of system design choices.  

3.2.2  POTABLE WATER BIOCIDE COMPATIBILITY 

Potable water may be supplied by different logistics providers, visiting vehicles with 
crewmembers, or closed-loop recycling systems.  Ground processing and vehicle or 
water processor system design concepts may vary, but the water provided should be 
able to be used across the DSG&T for a robust logistics plan and maximum flexibility 
and evolvability of the systems.  Residual biocides are used in many potable water 
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systems to maintain water quality and prevent microbial growth, but are not always 
compatible with other biocides or certain materials of construction. 

To be compatible, mixing water sources with residual biocides: 

 should not inactivate the antimicrobial properties of the residual biocide 

 should not produce any byproducts that could be unacceptable for crew 
consumption or create a crew health risk 

 should not create problems in the systems used to store, distribute, or process 
potable water such as particulate or free gas generation 

 should not cause any other damaging effects to vehicle systems 

Future verification details will require detailed definitions of each type of potable water. 
The current assumed definition of potable water with biocide will include silver with a 
concentration up to 0.4 mg/L. This is because potable water with silver ion residual 
biocide will be included in the Orion water system design, and is therefore the first 
example of potable water that must be compatible with other water supply. The form of 
silver and detailed test methods will be defined later. 

ECLSS-01:  Biocides used in the vehicle, element, or module potable water system 
shall be compatible with any other biocides used in the DSG&T ECLSS 
potable water system. 

Rationale: When potable water is supplied to a distribution or delivery 
system, such as a galley, it will be mixed with water and any residual 
biocide already present in the system.   

ECLSS-02:  Biocides in the water transferred to the DSG&T from other systems or 
logistics, generated in the DSG&T, or otherwise used in the vehicle, 
element, or module potable water system shall be compatible with 
DSG&T potable water system hardware and materials of construction.  

 Rationale: Systems for water storage, distribution, and delivery to 
crewmembers may be present in multiple elements of the DSG&T 
system, and could be provided by a variety of suppliers or partners.  
Potable water from all sources should be able to be used in all potable 
water systems. 

ECLSS-03:  Biocides used in the vehicle, element, or module potable water systems 
shall be compatible with potable water that includes any contaminant 
identified in water quality specifications at levels up to human health 
limits. 

 Rationale: Potable water maintains contaminants below required levels, 
but is not free of contaminants or other added species, such as minerals 

sometimes added for taste.  The potable water biocide should not create 
any byproducts that would be a threat to crew health when used in water 
with these contaminants. 
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ECLSS-04: Potable water biocides, and byproducts from combining biocides must 
be evaluated for toxicity by agency health and medical experts, even if 
they do not appear in the Spacecraft Water Exposure Guidelines 
(SWEGs) (JSC 63414). 

Rationale: The Spacecraft Water Exposure Guidelines are not an 
exhaustive list of all contaminants that may have negative effects on 
human health. They include contaminants that have been considered 

risks in previous human spaceflight missions based on those systems 
and operations. The limits are not necessarily identical to other public 
health standards. Introduction of a new species in spacecraft potable 
water will require evaluation to set a SWEG level. 

3.2.3  EMERGENCY AND FIRE SUPPRESSION SYSTEM COMMONALITY AND 

COMPATIBILITY 

Responding to emergencies should be as simple and consistent as possible to minimize 
the opportunity for confusion or human error while making decisions in a challenging 
environment.  Unfortunately, varying design standards and choices between the US and 
Russian segments of the ISS have resulted in having two separate systems for fire 
suppression, and two sets of protective equipment for the crew, such as breathing 
masks, for use while fighting the fires.  On the DSG&T, the goal is to have one common 
system that can be used in all modules to simplify crew training and minimize resupply. 

Handheld fire suppression devices will be expected to meet requirements for operation 
in microgravity. The DSG&T fire suppression system will be subject to the same storage 
life and temperature exposure requirements during dormancy as the rest of the system. 
Storage requirements may depend on logistics delivery plans, but for Mars transit 
missions would be at least 1200 days (TBR-8), and likely >4 years to accommodate 
logistics plans to deliver supplies a substantial period of time before the crew mission to 
Mars begins. 

ECLSS-05:  A common design for portable, crew operated fire suppression systems 
shall be used across the DSG&T vehicles, elements, and modules. 

 Rationale:  Using common emergency systems across the crew vehicle 
will simplify crew training and improve emergency response speed. 

ECLSS-06:  The DSG&T vehicle, element, or module fire suppression system fluids 
shall be non-toxic.  

 Rationale:  The DSG volume is smaller than the ISS.  Therefore, fire 

suppressants will not be diluted across as large a volume.  Fire 
suppressants that cause health hazards for the crew create challenges 
for protective equipment while fighting the fire, and a hazardous 
environment while recovering the vehicle status after the fire.  

ECLSS-07:  The DSG&T vehicle, element, or module fire suppression systems shall 
be compatible with vehicle systems. 
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 Rationale:  Extinguishing a fire should not create additional hazards for 
the crew when the fire suppressant comes into contact with vehicle 

systems. The fire suppressant should not damage systems so that they 
cannot be used after the fire is put out.  Standards for power systems in 
the DSG&T dictate 120V power distribution to the systems.  Trace 

contaminant control systems (TCCS) are another key system which 
needs to be considered for compatibility with the fire suppressant fluid.  
The extinguishing agent should not react in the TCCS to create toxic 

byproducts.  The extinguishing fluid also should not poison or damage 
the TCCS. 

ECLSS-08:  The DSG&T vehicle, element, or module fire suppression system 
extinguishing agents shall be easily removed from the cabin environment 
to return to nominal conditions after an emergency event. 

 Rationale: The DSG will be located farther from Earth than ISS and 
resupply of consumables will be more difficult.  Also, depressurizing and 

repressurizing a large transit habitat volume may require a prohibitively 
large quantity of consumables.  Thus, there should be an option to 
recover after a fire.  

ECLSS-09:  The DSG&T vehicles, elements, and modules shall provide fire 
suppression methods that can be used while the crew is not present.  

 Rationale: The DSG&T will have periods of time in which the crew is not 
present, but some systems are powered on.  Handheld, deployable fire 

extinguishers are an important part of an integrated fire suppression 

system design, especially when the crew uses equipment like laptops 
out in the cabin. But handheld systems will not be sufficient when the 

crew is not present. The options for suppressing a fire when the crew is 

not present may be broader, as long as vehicle environment can be 
returned to normal before the crew returns. Systems such as diluent 

nitrogen, carbon dioxide, or cabin depressurization could be used during 
periods when no crew is present on the spacecraft, since there is time to 
recover to a habitable atmosphere before the crew returns. 

3.3  PERFORMANCE 

In addition to the physical geometric interface requirements, a set of common design 
parameters enveloping the reference missions and conditions is provided. Many of the 
ECLSS performance standards define the environment that needs to be maintained in 
the spacecraft for the crewmembers. Other common design parameters increase the 
probability of successful integration of technologies from multiple providers. 

3.3.1  INTERNAL ATMOSPHERE PRESSURE 

Achieving different oxygen and pressure control points is not usually a substantial 
challenge for the ECLSS design, but it drives the design and materials of the other 



IECLSSIS Draft Release Copy 

February 2018 

Verify this is the current version before use 3-5 

spacecraft systems and must be identified early in the design process since modules 
share atmosphere. 

Figure 1 illustrates how the combination of oxygen and total pressure requirements in 
3.3.1  and 3.3.2  create the nominal operation zone. This does not define control bands 
around a particular set point, but only describes possible allowable conditions within the 
vehicle or element. 

The DSG&T airlock will have additional requirements for total pressure limits to allow 
complete depressurization. 

ECLSS-10:  The nominal internal atmosphere pressure for DSG&T vehicles, 
modules, and elements shall be 101 kPa (14.7 psia). 

 Rationale: The vehicles, modules, and elements covered by the DSG&T 

ECLSS Standards are expected to support crews for long duration, and 
have minimal extravehicular activity (EVA). An Earth-normal atmosphere 
is most appropriate for crew health in this type of mission. 

ECLSS-11:  DSG&T vehicles, modules, and elements shall be designed to operate at 
internal atmosphere pressures from 65 kPa (9.5 psia) to 115 kPa (16.7 
psia) (TBR-1). 

 Rationale: A wider operating range improves the robustness of the 
system for more operating conditions.  

 Higher maximum pressures provide opportunities to pressurize a vehicle 
or module at launch above the 101 kPa nominal operating point, and 
then use that gas to pressurize vestibules or raise the pressure of 

another element or module after docking without storing the gas in tanks. 

Higher maximum pressures could also be useful when performing 
airsave from an airlock by pumping the gas into the rest of the 
pressurized volume.  

 Low pressures atmospheres are required because the DSG&T vehicles 

may need to occasionally accommodate EVA and allow the crew to 
acclimate to lower nitrogen levels to reduce decompression sickness 
risk, to manage off-nominal scenarios, or to dock with other vehicles that 
operate at reduced pressure. If the DSG&T pressurized volume is 
allowed to get cold during uncrewed periods, the pressure will drop.   

 This does not include airlock systems, which may require nominal 

functions at a wider range, and must operate some functions at 
pressures down to space vacuum. 

ECLSS-12:  The DSG&T vehicles, modules, and elements ECLSS shall control 
internal atmosphere pressures from 65 kPa (9.5 psia) to 115 kPa (16.7 
psia) (TBR-1).  

 Rationale: The ECLSS is responsible for controlling the vehicle 
atmosphere so that it does not exceed design limits.  The DSG&T 
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ECLSS will often be the prime system controlling atmosphere across 
many docked pressurized modules with hatches open. 

ECLSS-13: The DSG&T vehicles, modules, and elements ECLSS shall control 
internal atmosphere pressure below 102 kPa (14.9 psia) when docked to 
the Orion spacecraft. 

Rationale: The Orion spacecraft has a lower maximum pressure than is 

desired for the DSG&T elements.  When Orion is docked and part of the 
shared pressurized volume, if the DSG&T ECLSS is prime it is 
responsible for controlling within the limits required for Orion. 

3.3.2  ATMOSPHERE OXYGEN 

Achieving different oxygen and pressure control points is not usually a substantial 

challenge for the ECLSS design, but it drives the design and materials of the other 
spacecraft systems and must be identified early in the design process since modules 
share atmosphere.  The partial pressure of oxygen is driven by crew health 
requirements.  Oxygen concentration is important for controlling risk of fire in the 
vehicle. 

Figure 1 illustrates how the combination of oxygen and total pressure requirements in 
3.3.1  and 3.3.2  create the nominal operation zone. This does not define control bands 
around a particular set point, but only describes possible allowable conditions within the 
vehicle or element. It is not expected that the vehicle would operate at the highest 
allowable pressure setpoints at the same time as allowing the highest oxygen 
concentrations.   

There are several considerations that could motivate system designers to test at higher 
oxygen concentrations, even if not required for nominal functions.  For maximum 
forward compatibility to surface exploration missions, components could be designed for 
56 kPa (8.2 psia) and 34% oxygen environments to support frequent EVA. Ideally, to 
gather the most relevant information for future system operators, materials flammability 
tests should be conducted with additional margin for control bands and will have to meet 
appropriate testing standards levied such as those in NASA-STD-6001, or equivalents 
from other agencies as levied on contracts. Ideally, flammability tests to collect relevant 
data should be conducted to find the point of ignition, not just whether it passes at the 
design point. Flammability at partial gravity may be worse than flammability in 
microgravity. 

The DSG&T airlock will have additional requirements for oxygen limits. 

ECLSS-14:  The DSG&T nominal atmosphere oxygen partial pressure set point shall 
be 21 kPa (3.1 psia) when the total atmosphere pressure set point is 101 
kPa (14.7psia). 

 Rationale: The vehicles, modules, and elements covered by the DSG&T 
ECLSS Standards are expected to support crews for long duration, and 
have minimal extravehicular activity (EVA). An Earth-normal atmosphere 
is most appropriate for crew health in this type of mission. 
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ECLSS-15:  The DSG&T vehicles, modules, and elements ECLSS shall control 
oxygen partial pressures to a selected set point within a range from 18.7 
kPa (2.7 psia) to 23.4 kPa (3.4 psia).  

 Rationale: Controlling oxygen partial pressure within a medically 

acceptable range to avoid hypoxia or hyperoxia is required to protect 
crew health. Allowable oxygen levels for NASA vehicles are found in 
NASA-STD-3001 Volume 2A, in Section 6.2. The proposed range 

exceeds the range in Section 6.2, but is within the range acceptable for 
indefinite exposure without measurable impairments per NASA/SP-
2010-3407/Rev1.   NASA-STD-3001 is expected to be updated in the 

future to include lower oxygen levels that are acceptable after 
acclimatization for reduced pressure atmospheres. 

ECLSS-16:  The DSG&T vehicles, modules, and elements ECLSS shall control 
oxygen concentration below 25.9% oxygen with nominal operating 
functions at pressures above 80 kPa (11.8 psia) 

 Rationale: High oxygen concentration increases flammability risk.  High 
oxygen concentrations should not be necessary at higher cabin 

pressures while still providing sufficient oxygen partial pressures for the 
crew. 

ECLSS-17:  The DSG&T vehicles, modules, and elements shall be designed to 
operate in conditions up to 25.9% oxygen with nominal operating 
functions above 80 kPa (11.8 psia). 

 Rationale: Vehicle systems should be designed for the possible nominal 
operating environments that the ECLSS is designed to provide. 

ECLSS-18: The DSG&T vehicles, modules, and element ECLSS shall maintain 
oxygen partial pressure at or below 21k Pa (3.1 psia) when transitioning 
between atmosphere set points between 70 kPa (10.2 psia) and 80 kPa 
(11.8 psia) 

 Rationale: The ECLSS system needs intermediate control bounds when 
transitioning from 101 kPa (14.7 psia) atmospheres to lower pressure 
setpoints at 70 kPa 

ECLSS-19:  The DSG&T vehicles, modules, and element ECLSS shall control 
oxygen concentration below 30% under nominal operations for nominal 
atmosphere pressures up to 70 kPa (10.2 psia). 

 Rationale: Atmospheres with lower nitrogen content are needed before 
EVA operations to reduce risk of decompression sickness and make 

EVA operations more efficient. These EVAs may include nominal EVA 
preparation, or contingencies such as unpressurized, suited crew 
transfer to an Orion vehicle that cannot hold atmosphere pressure. 
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 NASA has collected material flammability data at 70 kPa (10.2 psia) and 
30% oxygen for the Space Shuttle and Orion vehicles, and made that 

data publically available through the Materials And Processes Technical 
Information System (MAPTIS). 

ECLSS-20:  The DSG&T vehicles, modules, and elements shall be designed to 
operate in conditions up to 30% oxygen with nominal operating functions 
for atmosphere pressures up to 70 kPa (10.2 psia). 

 Rationale: Vehicle systems should be designed for the possible nominal 
operating environments that the ECLSS is designed to provide. 

ECLSS-21:  DSG&T vehicles, modules, and elements ECLSS shall control oxygen 
concentration below 40% under emergency conditions for short 
durations (expected to be in the range of 1-24 hours, TBD-1). 

 Rationale: Elevated oxygen may be caused by system failures or 

operations in contingency scenarios, such as purging a spacesuit with 
oxygen.  While concentrations up to 40% may be an acceptable risk for 
short periods of time, it is not reasonable to expect systems to be 

designed for very high oxygen concentrations. The contingency 
operations or ECLSS control should work to limit the oxygen related risk 
in a contingency. 

ECLSS-22: The DSG&T vehicles, modules, and elements shall be designed to 
operate in conditions up to 40% oxygen under emergency conditions for 
short durations (expected to be in the range of 1-24 hours, TBD-1). 

 Rationale: High oxygen concentration should be considered as a 
contingency that may be experienced by DSG&T systems. 
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FIGURE 1 OXYGEN AND TOTAL PRESSURE CONDITIONS.  

THIS FIGURE DOES NOT DESCRIBE THE CONTROL BOX AROUND ANY PARTICULAR 
SET POINT. 

3.3.3  ATMOSPHERE CARBON DIOXIDE LEVELS 

Carbon dioxide (CO2) is produced as a waste product by crew metabolism and must be 
removed to maintain a safe and healthy environment for the crew.  Typically, not every 
pressurized volume has a unique CO2 removal system, so ventilation is required to 
move CO2 to the system that removes it from the atmosphere.  CO2 concentration in the 
atmosphere determines whether a certain flow rate of air is sufficient for maintaining 
CO2 levels with intermodule ventilation.  The performance and design of the CO2 
removal systems also depend on the CO2 levels in the atmosphere. 

ECLSS-23:  The DSG&T vehicles, modules, and elements ECLSS shall control the 
24-hour average cabin CO2 partial pressure to a goal of 267 Pa (2 
mmHg) (2600 ppm) (TBR-2) 

Rationale: Some evidence from long-term ISS missions suggests that 
microgravity increases crewmembers’ susceptibility to CO2-related 
symptoms, such as headache, lethargy, malaise, listlessness, and 

fatigue. Therefore, as a technical goal, CO2 levels should be as low as 
possible in order to reduce or prevent crew symptoms.  NASA medical 
experts recommend 267 Pa (2 mmHg) (2600 ppm) as the design level to 
minimize crew symptoms.  New standards are expected to be levied in a 
future update of NASA-STD-3001. 
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3.3.4  ATMOSPHERE TEMPERATURE 

Atmosphere temperature control is important for crew comfort and health.  Atmosphere 
temperatures, especially at high and low extremes, may also be important for the design 
of vehicle systems inside the pressurized volumes. The combination of atmosphere and 
humidity must be maintained within a “comfort zone”.  Figure 2 illustrates the 
interactions between temperature and moisture content of the air that impact crew 
comfort and define at what temperatures 100% relative humidity is reached and 
condensation will occur. 

ECLSS-24:  The DSG&T vehicles, modules, and elements ECLSS (life support and 
thermal control system) shall control the internal atmosphere 
temperature between 21°C (70°F) and 27°C (81°F) when the crew is 
present. 

 Rationale: “Maintaining proper atmospheric temperature is important for 
maintaining a safe body core temperature, and is also important for 
comfort” per NASA/SP-2010-3407/Rev1. 

ECLSS-25:  The DSG&T vehicles, modules, and elements ECLSS (life support and 
thermal control system) shall provide crew selectable set points for 
internal atmosphere temperature in step sizes no greater than 1°C 
increments. 

 Rationale: Temperature preferences vary between crewmembers, and 
may vary depending on the workload and activity being performed at the 
time, such as sleep or exercise. 

ECLSS-26:  The DSG&T vehicles, modules, and elements ECLSS (life support and 
thermal control system) shall control the internal atmosphere 
temperature to within +/- 1.5°C (+/- 2.7°F) of the temperature set point.  

 Rationale: Per NASA/SP-2010-3407/Rev1, +/- 1.5°C (+/- 2.7°F) is 
sufficient precision to maintain crew comfort. 

ECLSS-27:  The DSG&T vehicles, modules, and elements ECLSS (life support and 
thermal control system) should provide crew selectable set points for 
atmosphere temperature in step sizes of 0.5°C (0.9°F) increments for 
crew comfort. 

 Rationale: More set points will provide more options for the crew to 
select the optimal temperature for crew comfort.  

ECLSS-28:  The DSG&T vehicles, modules, and elements ECLSS (life support and 
thermal control system) should design to control the DSG&T atmosphere 
temperatures to increments +/- 0.5°C (+/- 0.9°F) of the temperature set 
point for crew comfort. 

 Rationale: Tighter control bands and less temperature variation would 
allow control closer to the desired temperature selected by the crew. 
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ECLSS-29:  The DSG&T vehicles, modules, and elements systems inside the 
pressurized volume shall be designed to survive, or operate if needed 
during dormant phases, in temperatures as low as 4°C (39°F) (TBR-3) 
during periods when crew is not present. 

Rationale: During uncrewed periods, there is no need to maintain 
systems for crew health.  Lower temperatures could aid in reducing 
growth of microbial contamination in wetted systems or on vehicle 

surfaces. The temperature should be maintained high enough that liquid 
water will not freeze and expand, which would damage systems.  This 
requirement does not define the functional allocation or concept of 

operation that would describe what functions must operate during this 
uncrewed dormant phase. All systems onboard the spacecraft may be 
exposed to dormant conditions, unless functionality is included in part of 

the system to actively condition them. Other systems may be required to 

perform their functions, possibly in a modified mode, depending on the 
concept of operations of the mission, while other systems are dormant 

and the vehicle is controlling the environment to conditions that are 
different from conditions when the crew is present. 

3.3.5  ATMOSPHERE RELATIVE HUMIDITY 

Water content in the atmosphere can be described as a partial pressure or 
concentration, but relative humidity is more directly connected to crew comfort, and to 
the risk of condensation on vehicle surfaces. 

ECLSS-30:  The DSG&T vehicles, modules, and elements ECLSS (life support and 
thermal control system) shall nominally control relative humidity of the 
DSG&T pressurized volumes (vehicles and habitable modules) 
atmosphere from 40% to 75% when the crew is present.  

 Rationale: Relative humidity is controlled for crew comfort, and is a 

function of dew point temperature in the atmosphere and atmosphere 
temperature.  NASA recommendations for the tolerable range for relative 
humidity are provided in NASA-STD-3001, Vol 2 Rev A, in Section 
6.2.3.1, and in Section 6.2.3.2 of NASA/SP-2010-3407/Rev1 as 25%-
75% relative humidity.  The GOST Р 50804-95 Group D10 document 
recommends a minimum of 40% relative humidity for crew comfort. 

ECLSS-31:  For short durations less than 24 continuous hours, the DSG&T vehicles, 
modules, and elements ECLSS (life support and thermal control system) 
can allow the relative humidity of the DSG&T atmosphere to be lower or 
higher than the nominal range, from 30% to 80% when the crew is 
present. 

 Rationale: Humans can tolerate a wide range of humidity for short 
periods of time.  High humidity may make it difficult to control core body 
temperature if sweat does not evaporate well.  Low humidity causes 
drying of the eyes, skin and mucous membranes of the nose and throat.  
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ECLSS-32:  The DSG&T vehicles, modules, and elements ECLSS shall control the 
dew point temperature of the atmosphere below the DSG&T pressurized 
volumes (vehicles and habitable modules) internal wall or surface 
temperatures to prevent condensation at all times. 

Rationale: Liquid water on surfaces is conducive to microbial growth, 
and can be damaging to system hardware.  Local condensation can be 
created when the atmosphere dew point temperature is at or above the 

surface temperature in any location. When power is available to 
condition vehicle walls to higher temperatures, higher dew points can be 
permitted to achieve higher relative humidity if it is more comfortable for 
the crew.  

 

FIGURE 2 ENVIRONMENTAL COMFORT ZONE (NASA-STD-3001, SECTION 6.2.4 FIG 1)  

ILLUSTRATES RELATIONSHIPS BETWEEN DEW POINT, TEMPERATURE, AND 
RELATIVE HUMIDITY.  STANDARDS FOR TEMPERATURE, RELATIVE HUMIDITY, AND 
CONDENSATION AIM TO KEEP THE CREW COMFORTABLE WHILE MAINTAINING A 

CLEAN AND SAFE ENVIRONMENT. 

3.3.6  POTABLE WATER QUALITY 

Potable water quality must be defined so that water provided by any partner will be accepted for 

crew consumption by medical experts.  Potable water quality limits are defined by crew health 
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and medical experts.  Several changes to existing standards are expected for the DSG&T 

vehicle. 

ECLSS-33:  The DSG&T vehicles, modules, and elements ECLSS shall provide 
potable water within standards for chemical and microbial contamination, 
and within acceptable aesthetic limits for crew consumption.  

Key water quality standards include  

Property Limit or Range Notes 

Total Organic Carbon < 5 mg/L (TBR-4) 

uncharacterized 

< 25 mg/L (TBR-5) 

characterized 

Value change compared to 

NASA SWEG in JSC 63414 

Ammonia < 3 mg/L Value change compared to 

NASA SWEG in JSC 63414 

Silver < 0.4 mg/L Expected to be used at 

concentrations near the 

maximum allowable for biocide 

control 

pH 5.5-9  Selected as a range that meets 

both NASA and GOST 

standards. 

Free and Dissolved Gas < 0.1% Only appears as a health 

standard in NASA standards, 

not in GOST standards 

 

ECLSS-34:  DSG&T vehicles, modules, and elements ECLSS shall maintain 
individual chemical contaminants below toxicity limits defined by health 
and medical standards.  

Rationale: Potable water quality limits are specifically set to be 
appropriately protective of the health and performance of spaceflight 
crews in consideration of the types of chemical/microbial risks relevant to 
this unique population. A current list of toxicity limits in NASA’s SWEGs 
can be found in JSC 63414. A final list of critical contaminants will need 
to be reviewed after vehicle systems are selected. New limits could be 
added to those standards if new materials or operations introduce risks 
beyond what is currently managed for the International Space Station. 

ECLSS-35:  Microbial control shall maintain cleanliness equivalent to 50 cfu/mL 
counts (TBR-6), with non-detectable per 100 mL coliform bacteria, non-
detectable per 100 mL fungus, and 0 parasitic protozoa.  
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Rationale: Potable water quality limits are specifically set to be 
appropriately protective of the health and performance of spaceflight 

crews in consideration of the types of chemical/microbial risks relevant to 
this unique population. These limits are what is set by NASA-STD-3001-
Volume 2 Rev A.  The method of measuring and validating microbial 
control may change based on new monitoring technology. 

3.3.7  POTABLE WATER QUALITY AND MICROBIAL CONTROL PERFORMANCE 

The compatibility of biocides in potable water is an important issue for system 
interoperability, and is described in Section 3-1.  Performance requirements for the 
biocide in the potable water system must be met at the same time as the compatibility 
requirements. 

ECLSS-36:  The DSG&T vehicles, modules, and elements ECLSS shall maintain the 

quality, including chemical and microbial, of stored potable water within 
defined limits for at least 4 years (TBR-7) in open-loop systems.  

Rationale: Water storage duration includes time between ground 
processing and launch, and storage on orbit before use. Long storage 

durations are important for the early DSG missions before closed-loop 
life support is delivered. The final scenario to define the mission 
operations concept that drive duration will be captured in official program 

documents. Until then, this assumes that one crew launch per year 
occurs to the DSG, and that not every major launch would be able to 
include water delivery. A robust system should also be designed for 

contingencies like delayed launches or lost resupply missions that could 

add another year of storage for the on-orbit assets before the crew 
returns. Some analysis cases may choose not to put water on logistics 

missions, especially if more perishable items like food are needed, or 

items specific to a particular crew (clothing spacesuits) need to be 
delivered. TBR-7 starts with 4 years as a life target based on time for 

ground processing, at least two years of nominal mission storage, plus 
margin for contingencies or providing flexibility for logistics choices.  

For long duration missions with closed-loop water recycling, expired 
water can be processed to return to potable status. Therefore, transit to 
Mars, or dormancy in Mars orbit on the Mars surface are not driving 
durations for storage life. However, this would drive a requirement to 
supply ascent vehicles or predeployed landers with recently processed 
potable water before use. 

3.3.8  URINE PRETREATMENT PERFORMANCE 

Crew urine is a resource that can be recycled into useful water or oxygen when closed-
loop recycling systems are provided as part of the ECLSS. In a system with many 
contributing partners, the provider of the waste collection system may not be the 
provider of the urine recycling system. Waste collection systems are likely provided 
earlier than water recycling systems. Defining performance requirements for these 
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systems early will make it possible to compare technical solutions for the DSG&T, and 
test viable systems for compatibility with closed-loop urine recycling systems.   

This is not intended to define the functional allocations in DSG&T and require that every 
vehicle, module, and element of the DSG&T must have a waste collection system with 
urine pretreatment.  But if they do have a waste collection system, the urine 
pretreatment should meet these standards. 

ECLSS-37:  DSG&T vehicles, modules, and elements waste collection system(s) 
shall provide a urine pretreatment that protects the waste collection 
system. 

Rationale: Pretreatment is initially used to protect the urine collection 
system components. Current systems assumptions include a spin-

separator in the urine collection system that cannot accept particulate 

(e.g. precipitation of solids from urine), and bellows tank storage that 
cannot accept evolution of free gas (e.g. CO2 or NH3) or biological 

fouling. Free gas would cause tank pressurization, and failures in 
pumps, filters or other components.  

ECLSS-38:  DSG&T vehicles, modules, and elements waste collection system(s) 
shall provide a urine pretreatment that maintains effective microbial 
(bacterial and fungal) control in the pretreated urine for 3 months of 
storage. 

 Rationale: Urine pretreatment controls prevents microbial growth that 

would clog the urine recycling systems or fluid lines and tanks in the 
system. ISS experience shows that urine may need to be stored during 
maintenance and troubleshooting of water processing systems. The 

three-month requirement allows time for systems to store urine during 

startup of ECLSS systems, and during maintenance, and still be able to 
recover water. 

ECLSS-39:  DSG&T vehicles, modules, and elements waste collection system(s) 
shall provide a urine pretreatment that maintains the urine within 
specifications for processing by the water recovery system after 3 
months of storage.   

 Rationale: In long duration missions, pretreating urine also allows water 
recovery from stored urine by making sure that it is still compatible with 
the water recovery system. The urine recycling system may have unique 

requirements such as free gas, particulate, or other constraints on what 

can successfully be processed by the system. ISS experience shows 
that urine may need to be stored during maintenance and 
troubleshooting of water processing systems. The three-month 

requirement allows time for systems to store urine during startup of 
ECLSS systems, and during maintenance, and still be able to recover 
water. 
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ECLSS-40:  Urine pretreatment chemicals shall have stable shelf life of greater than 
3 (TBR-8) years for Mars missions. Ideal performance would be stable 
shelf life greater than 5 years for pre-emplaced cargo delivery scenarios. 

 Rationale: The Deep Space Transport vehicle is expected to perform 

conjunction-class missions to Mars.  The waste collection system for the 
DSG is expected to be common with the DST to simplify crew training 
and maximize common spares, especially since the waste collection 

system often has disposable components for cleanliness.  Operation at 
the DSG will build experience with the system to be used on the DST, 
and thus should be designed to meet DST requirements. 
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4.0  VERIFICATION AND TESTING  

The technical requirements listed in Section 3.0 will typically be verified through the roll-
up of subsequent verifications of lower level allocated and derived technical 
requirements and analysis of integrated designs. These will be traced through bi-
directional traceability matrices in the lower level requirements. When test or analysis of 
the individual elements is not adequate to show compliance at an integrated level, 
additional test or analysis will be performed. The specifics of the verification program 
will be captured in ESD and DSG&T V&V Documentation. 

4.1  EARLY DISCUSSIONS ON TESTING STANDARDS 

For some topic areas, early discussions on test methods are required for technology 
development, as well as for the final vehicle design. This section provides information or 
discussion on topics that would be implemented in the lower level verification 
requirements, but may be useful background to guide technology development. 

4.1.1  AUGMENTED URINE TO REPRESENT SPACEFLIGHT CONDITIONS 

Wastewater systems and water processors which process urine should perform testing 
with wastewater streams that represent urine from crewmembers during spaceflight. 
This is especially true for systems which add additional chemical species (such as a 
pretreatment), or are sensitive to particulates, or concentrate wastewater, or otherwise 
utilize phase change (such as distillation, evaporation, freeze-drying, precipitation). The 
document CTSD-ADV-1324 “Collection, Augmentation, Stabilization, and Disposal of 
Urine“ describes methods to augment human urine collected on Earth to represent key 
spacecraft urine properties, such as Calcium concentration of 230 mg/L. It also 
describes current available spacecraft methods for pretreating urine with added 
chemicals for stability and microbial control.  

ISS operations history and failures have identified several lessons learned that 
demonstrate that ground testing did not sufficiently replicate spacecraft conditions. One 
example is increased concentration of key minerals such as calcium. 

4.1.2  INOCULATION OF URINE FOR URINE PRETREATMENT TESTS 

New pretreatment formulations shall be tested to see if they achieve the same levels of 
microbial and fungal control as state of the art pretreatment, using inoculated, 
augmented, human urine. A pretreatment that does not perform the same as the state 
of the art pretreatment could still be selected. If other pretreatments have different 
performance, they must be thoroughly tested with an integrated waste collection 
system, wastewater transport and storage, and water processing system to show 
successful operation. 

Inoculation with fungus and bacteria is based on microbial load that has been found on 
ISS in the waste system. Testing in a lab is likely to have a cleaner environment than 
ISS and would not provide a consistent or sufficient challenge. 
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4.1.3  TECHNOLOGY VALIDATION TESTING 

NASA and international partners need to agree on expectations for technology 
demonstration before systems can be considered ready for inclusion in DSG&T. 

Note: Carbon dioxide removal is one of the first systems where discussions have 
begun. For example, ESA has negotiated a 1 year cumulative demonstration for the 
ACLS system on ISS. One possible agreement could be that CO2 removal systems 
must be tested on orbit for at least one year cumulative time to verify their reliable 
performance in microgravity. On-orbit tests should be compared to ground tests that 
replicate ISS inlet conditions to validate that the system performs the same way in 
microgravity as it does on Earth. If on-orbit and ground tests are shown to have 
equivalent results, ground tests can be used to demonstrate system performance with 
different inlet CO2 and flow conditions. These topics should be part of international 
contribution discussions. 
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5.0  FUTURE TOPICS FOR POSSIBLE STANDARDIZATION 

Several topics are partially defined, or have been identified for work, to lead to future 
standards.  

Several topics have been identified as forward work include waste management, waste 
processing and resource recovery, physical connections (in addition to the quick 
disconnect connections identified below), design standards related to repairability and 
system refurbishment and maintainability, any tailoring of human system interaction 
standards, requirements that enable joint spares tracking and management. 

In the areas listed below, some technical discussion has already begun, but there is 
forward work needed before a requirements structure and values can be proposed. 

5.1.1  URINE PRETREATMENT FORMULATION AND DOSING 

The document CTSD-ADV-1324, “Collection, Augmentation, Stabilization, and Disposal 
of Urine“, describes methods to augment human urine collected on Earth to represent 
key spacecraft urine properties. It also describes current available spacecraft methods 
for pretreating urine with added chemicals for stability and microbial control with 
phosphochromic and sulfochromic pretreatment formulations. 

Additional updates may be required if technology development results in new, feasible 
formulations. 

5.1.2  POTABLE WATER BIOCIDE FORMULATION AND MAINTENANCE 

The primary residual biocide used in the vehicle will be silver based. Concentrations 
must meet requirements for potable water when it is consumed by humans. Specifics of 
the silver formulation or generation method are undefined at this time. 

Additional updates may be required if technology development results in new, feasible 
methods. 

5.1.3  LIQUID QUICK DISCONNECT CONNECTIONS 

Placeholder for future content. Trade studies may be required. 

5.1.4  GAS QUICK DISCONNECT CONNECTIONS 

Placeholder for future content. Trade studies may be required. 

5.1.5  EMERGENCY EQUIPMENT 

Emergency systems, such as masks, should be standardized to simplify crew training 
and improve crew response in contingencies. 

5.1.6  CREWMEMBER METABOLIC RATES 

Placeholder for future standard. 

Rationale: Crew metabolic rates define the oxygen use, carbon dioxide 
production, sensible heat production, water vapor production (respiration 
and latent heat through perspiration) of a crewmember as a result of 
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metabolic activity and individual crewmember size. These values are a 
reasonable maximum to be used for system design, but will vary 

significantly during actual missions for individual crewmembers. Total 
metabolic rate is expected to be higher for exploration missions than 
what is described in NASA/SP-2010-3407/Rev1 due to longer exercise 
periods. 

5.1.7  CREWMEMBER TRACE GAS GENERATION RATE 

Placeholder for future standard. 

Rationale: Trace gas generation rates are needed to design trace 
contaminant control systems. Trace gas generation includes both 
crewmember and materials off-gassing. Reference AIAA 2009-01-2592 
for preliminary values. 

5.1.8  VEHICLE TRACE GAS GENERATION RATE 

Placeholder for future standard. 

Rationale: Trace gas generation rates are needed to design trace 
contaminant control systems. Trace gas generation includes both 
crewmember and materials off-gassing. Reference AIAA 2009-01-2592 
for preliminary values. 

5.1.9  PLANT GROWTH SYSTEM GAS EXCHANGE RATES 

Placeholder for future standard. 

Rationale: Growing plants for food will introduce oxygen, carbon dioxide, 

and humidity production and consumption rates that will impact the 
design of pressure control, CO2 removal, and especially humidity control 

systems. Plants will also create and destroy trace gas contaminants, but 

those rates are likely to be low and not substantially impact designs. 
Limited plant growth is expected as part of the Deep Space Gateway 

with a negligible effect on CO2 and O2. Transpiration of water into 
atmosphere humidity could have a detectable impact on the system 
even with small amounts of plant growth. 

5.1.10  CREWMEMBER WASTE GENERATION RATES 

Placeholder for maximum single events for design for urine, feces, and emesis 

Placeholder for average planning rate for urine, feces, and emesis 

Rationale: Crewmember urine and feces generation rates will drive 
waste collection system design, logistics supply planning (based on 
frequency of toilet use), and waste management and disposal planning. 

5.1.11  WATER COMPATIBILITY WITH OTHER VEHICLE SYSTEMS 

Placeholder for water interface with spacesuits 
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Placeholder for future standard. 

Rationale: Water supply to spacesuits, oxygen generation, monitoring 
systems, medical systems, or supplying experiments may have unique 
interface requirements. This water does not necessarily also have to 
meet the potable water standard. 

5.1.12  VEHICLE TEMPERATURES DURING DORMANCY 

Placeholder for maximum temperature during dormancy if analysis shows it is higher 
than nominal temperatures 

Rationale: A close approach to the moon could induce a high 
temperature that would need to be defined if thermal control systems are 

in a dormant state. If analysis shows that high temperatures are possible 

during dormancy, internal vehicle temperature control analysis needs to 
be performed to examine what temperatures would actually be 

experienced, and where the limits of operation are for electronic 
components or others that might be sensitive at higher temperatures. 
High temperatures would drive higher rates of materials off gassing 
during this period.  

Placeholder for controlling vehicle internal temperature during dormancy if payloads 
require it 

Rationale: It may also be necessary to define local temperatures for 

science payloads that are maintained separately from the overall vehicle 
temperature. 

5.1.13  AIRLOCK OXYGEN 

DSG&T airlock will have unique oxygen requirements 

5.1.14  AIRLOCK PRESSURE 

DSG&T airlock will have unique pressure requirements 
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APPENDIX A - ACRONYMS AND ABBREVIATIONS 

AIAA American Institute of Aeronautics and Astronautics 
ACLS Advanced Closed Loop System 

CO2 Carbon Dioxide 
CTSD Crew and Thermal Systems Division 
CWC Contingency Water Container 

DSG Deep Space Gateway 
DSG&T Deep Space Gateway and Transport 
DST Deep Space Transport 

ECLSS Environmental Control and Life Support System 

EVA Extravehicular Activity 

FCSS Future Capabilities Systems Standards 

HEOMD Human Exploration and Operations Mission Directorate 
HIDH Human Integration Design Handbook 

IECLSSIS International Environmental Control and Life Support System 
Interoperability Standards 

IECST International Exploration Capabilities Study Team 
I-SMT International System Maturation Team 
ISO International Organization for Standardization 
ISS International Space Station 

JSC Johnson Space Center 

MAPTIS Materials And Processes Technical Information System 
MCB Multilateral Coordination Board 

NASA National Aeronautics and Space Administration 
NH3 Ammonia 

SI Le Système International d'Unités 
SWEG Spacecraft Water Exposure Guidelines 

TBD To Be Determined 
TBR To Be Reviewed 
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APPENDIX B GLOSSARY 

Vehicle, Element, or Module 

The phrase “vehicle, element, or module” is used in this document to describe all of the 
pressurized, habitable volume that will make up the Deep Space Gateway, Deep Space 
Transport, and other related elements. If any elements have special requirements, such 
as an airlock being exposed to the vacuum of space, those requirements are called out 
specifically. The document is not expected to change requirements for the Orion 
spacecraft. It does not yet extend to any lunar or Mars landers or surface habitats. It 
does not include spacesuits. 
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APPENDIX C OPEN WORK 

Table C-1 lists the specific To Be Determined (TBD) items in the document that are not 
yet known. The TBD is inserted as a placeholder wherever the required data is needed 
and is formatted in bold type within brackets. The TBD item is numbered based on the 
section where the first occurrence of the item is located as the first digit and a 
consecutive number as the second digit (i.e., <TBD 4-1> is the first undetermined item 
assigned in Section 4 of the document). As each TBD is solved, the updated text is 
inserted in each place that the TBD appears in the document and the item is removed 
from this table. As new TBD items are assigned, they will be added to this list in 
accordance with the above described numbering scheme. Original TBDs will not be 
renumbered. 

The IECLSSIS contains many placeholder topics for which future standards need to be 

created. However, since the best structure for listing the various values for each topic 
has not been created, they are not included as TBDs at this point. 

TABLE C-1 TO BE DETERMINED ITEMS 

TBD Section Description 

TBD-1 3.3.2 High oxygen levels may be necessary as part of certain emergency operations, such 
as attempting to purge a spacesuit into the habitat in order to perform transfer to an 
unpressurized Orion. Detailed operations concepts and processes do not exist to 
predict how long those conditions, or any other emergency that requires or temporarily 
results in high oxygen levels will last. 

   

   

   

 

Table C-2 lists the specific To Be Resolved (TBR) issues in the document that are not 
yet known. The TBR is inserted as a placeholder wherever the required data is needed 
and is formatted in bold type within brackets. The TBR issue is numbered based on the 
section where the first occurrence of the issue is located as the first digit and a 
consecutive number as the second digit (i.e., <TBR 4-1> is the first unresolved issue 
assigned in Section 4 of the document). As each TBR is resolved, the updated text is 
inserted in each place that the TBR appears in the document and the issue is removed 
from this table. As new TBR issues are assigned, they will be added to this list in 
accordance with the above described numbering scheme. Original TBRs will not be 
renumbered. 
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TABLE C-2 TO BE RESOLVED ISSUES 

TBR Section Description 

TBR-1 3.3.1 A higher maximum vehicle pressure provides operational flexibility for leak checks, 
providing vestibule pressurization gas from a higher pressure spacecraft, resupplying 
gas by filling from visiting vehicle pressure control systems, and providing the ability to 
perform airsave from an airlock by pumping gas back into the rest of the pressurized 
volume.  However, these higher pressures could increase the mass and cost of 
pressurized elements, such as those that rely on ISS heritage.  Utimately, this 
requirement may depend on the heritage of the elements that make up the DSG&T 
system. 

TBR-2 3.3.3 There is a known disagreement on this standard. Roscosmos/Energia does not concur 
with the 2 mmHg (2600 ppm) CO2 level, and recommends 6 mmHg daily average.  

The ECLSS team recommends authorizing the Multilateral Medical Operations Panel 
(MMOP) to begin including exploration content to set a single, shared “Design Goal” for 
future missions, for nominal long duration, long-term exposure levels for CO2. This 
approach could be similar to the “design safety factor” that is applied to trace 
contaminant control levels. This allows a design goal for nominal operation that is lower 
than the maximum allowable level based on functional margin. (Functional margins may 
need to be greater for missions farther from Earth that do not have abort options or 
logistics resupply options.) This would apply to CO2 removal systems across all 
international partners to prepare for long-duration exploration missions. 

Additionally, the panel can also discuss what medical research is necessary to set a 
final requirement in the future.  

TBR-3 3.3.4 Low temperatures are desired to slow microbial growth during dormancy. Analysis and 
testing has not been performed to determine what temperature is sufficiently low to 
inhibit microbial growth. Additionally, analysis has not been done to determine if any 
systems or payloads will be unable to operate at this low temperature and constrain the 
lower limit.  4°C was selected as a reasonable starting point for a dormancy 
temperature to control microbial growth based on public health recommendations to 
control bacteria growth in refrigerators. 

TBR-4 3.3.6 Based on ISS experience, NASA expects to update requirements to allow higher total 
organic carbon levels in potable water. These changes have not yet been included in 
the applicable parent documents. 

TBR-5 3.3.6 Based on ISS experience, NASA expects to update requirements to allow higher total 
organic carbon levels in potable water. These changes have not yet been included in 
the applicable parent documents. 

TBR-6 3.3.6 Microbial quality standards for potable water are expected maintain a similar intent for 
future spacecraft, but a revision of the applicable parent documents may change the 
way viability, enumeration, or identification of microbial contamination is discussed. 

TBR-7 3.3.7 Potable water shelf life is based on logistics delivery assumptions from ISCEWG Phase 
1 analysis. More detail on ground processing time, risk tolerance for skip cycles, or 
updated logistics analysis could change the maximum time water is stored before it is 
consumed or a closed-loop water recycling system is provided to reprocess it. 

TBR-8 3.3.8 Fire extinguisher and urine pretreatment shelf life is based on concepts for 1000-1200 
day human Mars missions. If urine pretreatment must be delivered much earlier for 
habitat outfitting logistics, or ground processing time is very long, this minimum required 
number could increase. 
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PREFACE 

INTERNATIONAL SPACE POWER SYSTEM INTEROPERABILITY STANDARDS 

This electrical power quality standard is to ensure commonality, reliability, 
interchangeability, and interoperability for electrical load applications between space 
power systems that will enable on-orbit or surface crew operations and joint 
collaborative endeavors utilizing different spacecraft systems. 

Configuration control of this document is the responsibility of the International Space 
Station (ISS) Multilateral Coordination Board (MCB), which is comprised of the 
international partner members of the ISS. The National Aeronautics and Space 
Administration (NASA) will maintain the International Space Power System 
Interoperability Standards under Human Exploration and Operations Mission Directorate 
(HEOMD). Any revisions to this document will be approved by the ISS MCB. 
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1.0  INTRODUCTION  

This International Space Power System Interoperability Standards is the result of a 
collaboration by the International Space Station (ISS) membership to establish, 
interoperable interfaces, terminology, techniques, and environments to facilitate 
collaborative endeavors of space exploration in cis-Lunar and deep space 
environments.  

Standards that are established and internationally recognized have been selected 
where possible to enable commercial solutions and a variety of providers.  Increasing 
commonality while decreasing unique configurations has the potential to reduce the 
traditional barriers in space exploration: overall mass and volume required to execute a 
mission.  Standardizing interfaces reduces the scope of the development effort and 
allows more focus on performance instead of form and fit.   

The information within this document represents a set of parameters enveloping a broad 
range of conditions, which if accommodated in the system architecture support greater 
efficiencies, promote cost savings, and increase the probability of mission 
success.  These standards are not intended to specify system details needed for 
implementation nor do they dictate design features behind the interface, specific 
requirements will be defined in unique documents.  

1.1  PURPOSE AND SCOPE 

The purpose of this 120-Volt class electrical power standard is to define a bus voltage 
power quality, and grounding approach to ensure commonality, reliability, 
interchangeability, and interoperability for load applications between space application 
power systems such as orbital habitats, crewed or non-crewed space vehicles, 
ascent/descent vehicles, and surface systems. Commonality in basic equipment (lights, 
fans, and computers) reduces the need for unique spares that reduces the overall spare 
mass allocation and required stowage volume.  This has a tangible impact on module 
size and the ultimate mass of the launch vehicle payload.  A higher voltage standard 
provides an additional architecture level efficiency due to the mass savings it provides 
with the reduced conductor size required to transfer the same amount of power relative 
to a lower voltage system.  

This standard defines the requirements and characteristics of electrical power for 
spacecraft. This standard also defines analysis, verification, and testing methodologies 
to be used to ensure that the loads operate when connected to the specified power 
quality and performance as defined by this standard. Utilizing this power standard, a 
power quality specification can then be developed that includes the detailed design 
performance of both the EPS and the EPCE.   

The convention used in this document which indicates requirements, goals, and 
statements of facts is as follows: "Shall" -- Used to indicate a requirement which must 
be implemented and its implementation verified; "Should" -- Used to indicate a goal 
which must be addressed by the design but is not formally verified; "Will" -- Used to 
indicate a statement of fact and is not verified. 
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1.2  RESPONSIBILITY AND CHANGE AUTHORITY 

Any proposed changes to this standard by the participating partners of this agreement 
shall be brought forward to the Power committee for review. 

Configuration control of this document is the responsibility of the International Space 
Station (ISS) Multilateral Coordination Board (MCB), which is comprised of the 
international partner members of the ISS. The National Aeronautics and Space 
Administration (NASA) will maintain the Power Standards under Human Exploration and 
Operations Mission Directorate (HEOMD). Any revisions to this document will be 
approved by the ISS MCB. 

1.3  PRECEDENCE 

This paragraph describes the hierarchy of document authority and identifies the 

document(s) that take precedence in the event of a conflict between content.  
Applicable documents include requirements that must be met. If a value in an applicable 
document conflicts with a value here, then the MCB will need to resolve the issue. 

Reference documents are either published research representing a specific point in 
time, or a document meant to guide work that does not have the full authority of an 
Applicable document. If a value in this document conflicts with a value in a referenced 
document, then it should be assumed that the value here was deliberately changed 
based on new data or a special constraint for the missions discussed. 
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2.0  DOCUMENTS 

2.1  APPLICABLE DOCUMENTS 

The following documents include specifications, models, standards, guidelines, 
handbooks, and other special publications. Applicable documents are levied by 
programs with authority to control system design or operations.  The documents listed in 
this paragraph are applicable to the extent specified herein. Inclusion of applicable 
documents herein does not in any way supersede the order of precedence identified in 
Section 1.3 of this document. 

None  

2.2  REFERENCE DOCUMENTS 

The following documents contain supplemental information to guide the user in the 
application of this document. These reference documents may or may not be 
specifically cited within the text of this document. 

MIL-STD-461 G Requirements for the Control of Electromagnetic Interference 
Characteristics of Subsystems and Equipment 

SAE AS5698 Space Power Standard 
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3.0    POWER QUALITY STANDARD FOR 120VDC 

3.1  GENERAL 

The requirements and verifications are defined for a 120Vdc class power.  The general 
intent is to maximize the compatibility of the EPCE across differing interfaces by 
broadening selected EPCE operating requirements.  This standard is generic and while 
it can ensure compatibility on most parameters, it is limited in areas such as defining 
specific design impedance requirements that are needed to complete a specific design.  

3.1.1  DESCRIPTION 

The electrical requirements are grouped into two categories: 

 Electrical Power System, Source Power Interface (section 3.3.1) 

 Electric Power Consuming Equipment Interface (section 3.3.2) 

Matching verifications for each of the above requirements are defined in section 3.4.   

3.1.2  ENGINEERING UNITS OF MEASURE 

N/A 

3.2  INTERFACES 

This standard is design neutral and only defines the ‘generic’ interface of the power 
source and of the electric power consuming equipment, and assumes it to be the same 
interface (see Generic Power Interface for Source/EPCE figure).  An actual specific 
design may incorporate multiple interfaces both within the EPS or EPCE with tiered 
requirements that include performance margins above the next lower tier.  The tiered 
interfaces with performance margins are defined within other documentation, such as 
the power quality specifications and the interface requirements documents. One of the 
primary goals of this standard is to maximize the use of the EPCE at all defined EPCE 
interfaces. 

 

FIGURE 1 GENERIC POWER INTERFACE FOR SOURCE/EPCE 
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3.3  PERFORMANCE 

3.3.1  ELECTRICAL POWER SYSTEM, SOURCE POWER INTERFACE 

The following sections specify the characteristics for electric power supplied to electrical 
loads. 

The EPS consists of the electric power-generating source (e.g., generators, batteries, 
fuel cells, solar arrays, and distribution subsystems) including the associated cables, 
switches, protective devices, converters, and regulators. 

Power quality is directly related to the effects produced by power generation, power 
conditioning, system impedance, and the interactions within the distribution system 
which includes loads.  Interactions include electromagnetic interference (EMI), 
regenerative energy, and system transients resulting in power surges and spikes.  

3.3.1.1  EPS SYSTEM CHARACTERISTICS 

3.3.1.1.1  SINGLE-POINT GROUND 

[PQSV1001] A single-point ground shall be established for each EPS system. 

Rationale:  Establish a consistent internal grounding philosophy.  This is a proven 

practice and consistent with heritage designs.  The single-point grounding should be 
employed with the return lines grounded to the vehicle structure at a single point. The 
main characteristics of this concept are: 

 The spacecraft structure is used as a low-impedance equipotential ground plane. 

 No current intentionally flows through the spacecraft structure. 

 All primary power sources are referenced to a single point on the spacecraft 
structure. 

 Primary power sources are galvanically isolated from secondary power supplies. 

 Secondary power supply outputs are referenced to the housing of the unit that 
they supply. 

 The housing of each unit is referenced to the spacecraft structure at a single 
point. 

3.3.1.1.2  DISTRIBUTION WIRING 

[PQSV1002] The EPS shall provide a two-wire power distribution system in which one 
wire serves as a return path for load currents. 

Rationale:  The wiring system is required to maintain the distributed single-point ground 

per requirement.  The two-wire distribution system does not preclude using parallel 
wiring for current sharing. It is recommended to minimize spacing between power and 
return conductors to reduce wiring inductance. No current should intentionally flow 
through the spacecraft structure. 
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3.3.1.1.3  ISOLATION 

[PQSV1003] The EPS feeders and returns from multiple internal sources shall be 
isolated. 

Rationale: Isolation of power sources will be implemented such that a fault in one 
source will leave the other source operational. The isolation requirement is based on the 
distributed single-point ground and 1 MΩ hardware configuration end item (box level) 

isolation requirements. No single failure within the EPS or EPCE will cause the 
independent power buses to lose electrical isolation. Isolation also prevents circulating 
AC or DC current in the EPS and/or spacecraft structure. 

3.3.1.1.4  REVERSE CURRENT 

[PQSV1004] The EPS shall not be required to accept EPCE (Load) reverse current flow 
under normal operation for a fixed interface voltage. 

Rationale: Loads will be designed to prevent current to out-flow into the power system 
under normal load operation, on/off where the EPS voltage remains constant.  Loads, 
mainly motors and other inertial loads need to be designed as to not normally supply 

reverse currents (re-gen) into the distribution system and potentially raise the bus 
voltage to unacceptable levels causing the unintended tripping from other devices within 
the system.  Ripple current is controlled by the EMI control plan. 

3.3.1.1.5  STABILITY 

Power system stability is the ability of an electric power system to return to a state of 
operating equilibrium within a specified time after being subjected to a physical 
disturbance. The EPS will remain stable over the entire range of power generation, 
energy storage, and load conditions in all operating modes, temperatures, and orbital 
phases or conditions over the power system's design life to maintain power quality. The 
following section addresses the requirements to assure the bus interface stability. 

3.3.1.1.5.1  SOURCE IMPEDANCE 

[PQSV1005] The EPS source impedance at the EPCE interface terminals shall be 
established for the power system. 

Rationale:  The source impedance value is required to calculate the stability margin of 
the source/load combination at the user input terminals.   This document addresses a 
generic interface where the EPS and the EPCE have one common interface.  Specific 
designs most likely will have multiple tiered interfaces between the EPS and the EPCE 

as discussed in paragraph 3.2 and the EPS impedance will be determined at each 
defined interface. 
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3.3.1.1.5.2  SMALL SIGNAL STABILITY – SYSTEM STABILITY 

[PQSV1006] A complex impedance margin shall be maintained for the source impedance 
divided by the load impedance ratio that remains outside the hatched area (Forbidden 
Zone) shown in the EPS Nyquist Stability Criteria figure. 

Rationale: This Nyquist Criteria was adopted as a system level stability check.  In 
general, this standard has been assembled with supply side and load side requirements 

so that the EPS and loads can be developed separately. This criterion uses design data 
from both the supply and load as the ultimate overall stability check.  The approach is 
based on the significant relationship between source and load impedance and the effect 

of this relationship on system stability. The stability criteria establish that maintaining a 3 
dB (0.707) impedance margin between unity gain and the ratio of source and load 
impedance provides system stability. When the margin for impedance magnitude is less 

than 3 dB, then the phase margin cannot enter the Forbidden Zone shown in the 

Nyquist Stability Plot of |ZS divided by ZL| figure over the span of frequencies from 30 
Hz to 100 kHz. The application of the stability criteria should consider all possible 

source and loads combinations that may occur, including the failure of any equipment 
connected to the bus. On the Nyquist plot, the phase margin is specified only at the 
cross-over points where ZS divided by ZL intersects the unit circle. The stability criteria 

are discussed further in the General Discussion appendix of this document. Maintaining 
stability is especially important to maintaining power quality in a multiple load and 
multiple channel system because instability in any part of the system will cause 

degradation, if not a total loss, to the power quality delivered to any other part of the 
system. 

 

FIGURE 2  EPS NYQUIST STABILITY CRITERIA 

NOTE:    

1. ZS is the output impedance of the source subsystem. 

2. ZL is the input impedance of the load subsystem. 
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3.3.1.1.6  ELECTROMAGNETIC COMPATIBILITY 

[PQSV1007] An EPS EMI control plan shall be established in accordance with the 
vehicle mission requirements. 

Rationale:  Adopt a common Electromagnetic Interference (EMI) requirement for the 
power system. 

3.3.1.2  NORMAL OPERATION REQUIREMENTS 

The electrical power system provides the following system power quality in the absence 
of failures or fault conditions. 

3.3.1.2.1  STEADY STATE VOLTAGE 

[PQSV1008] The EPS shall supply the steady-state voltage at the EPS/EPCE interface 
within the range of 98 to 136 Vdc for load conditions from no load to rated capacity of 
the system. 

Rationale:  Establish a system voltage range for the EPS at the input terminals of a load 

to account for the voltage drops throughout the EPS and stay within the prescribed 
nominal steady-state voltage.  The voltage ranges include the expected voltage swing 
for a power system that is comprised of batteries and either solar arrays or fuel cell 

power generation with nominal voltage losses due to the EPS distribution system. It is 
important to note that this defines the generic EPS/EPCE load interface voltage. Other 
upper tier EPS system interface voltages may be defined at other areas within the 
overall EPS system and require voltage performance margins to be added.  

3.3.1.2.2  NORMAL LOAD STEP TRANSIENT VOLTAGE 

[PQSV1009] The electric power shall remain within the magnitude and duration limits for 
voltage transients shown in the 120V EPS Normal Transient Response figure. 

Rationale:  This requirement establishes a normal operating magnitude limit for voltage 
transients for an EPCE interface due to normal switching of loads that will provide 

sufficient operational voltage margin for the downstream EPCE.  This power envelope 
may differ from the main power bus transient. Extreme high and low bus voltages are 
assumed contingency cases, and while experiencing these conditions it is assumed that 
the power system will experience small changes in load steps.  It is important to note 
that this defines the generic EPS/EPCE load interface performance. Other upper tier 
EPS system interfaces may be defined at other areas within the overall EPS system 
and require performance margins to be added. 
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FIGURE 3  120V EPS NORMAL TRANSIENT RESPONSE 

NOTE: The envelope shown applies to the transient responses exclusive of any 
periodic noise components that may be present. 

3.3.1.2.3  RIPPLE VOLTAGE 

Ripple voltages are superimposed on the power system and can dramatically affect 
instrumentation and other sensitive loads.  The ripple voltage is a primary power quality 
parameter.  The total system ripple voltage is comprised of the collective contributions 
from sources and loads.  Design specific power specifications may allocate the ripple for 
the EPS itself at specified upper tier EPS interfaces, including the generic EPS/EPCE 
interface. Ripple is defined by three requirements, peak voltage, ripple voltage 
amplitude, and ripple voltage spectrum. 

3.3.1.2.3.1  PEAK RIPPLE VOLTAGE 

[PQSV1010] The peak ripple voltage shall be less than 10.0 Vp-p (peak-to-peak) in a 
bandwidth of 30Hz to 1 Mhz. 

Rationale:   Establish a worst-case peak system ripple voltage with the collective 
contributions from sources and loads. The requirement particularly targets ripple voltage 
contributions generated by pulses, doublet pulses and spike waveforms. 

3.3.1.2.3.2  RIPPLE VOLTAGE AMPLITUDE 

[PQSV1011] The ripple voltage amplitude shall be less than 3.0 Vrms in a bandwidth of 
30 Hz to 1 MHz. 

Rationale:  Establish a worst-case maximum system ripple voltage as a primary power 

quality parameter. This requirement limits the total rms voltage composite of all ripple 
harmonics.  The requirement particularly targets ripple voltage contributions generated 
by low frequency, non-harmonic, and pulsed loads. 
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3.3.1.2.3.3  RIPPLE VOLTAGE SPECTRUM 

[PQSV1012] The frequency distribution of the ripple voltage shall remain within the limits 
shown in 120V Ripple Voltage Spectral Components figure. 

Rationale:  Establish a worst-case system ripple voltage characterized against a 
frequency range with collective contributions from sources and loads.  This system 
ripple spectrum defines power quality for the electromagnetic emissions and 

susceptibility requirements. This spectrum requirement limits ripple voltage contribution 
generated by periodic waveforms such as sine, square and triangle waves. 

 

FIGURE 4  120V RIPPLE VOLTAGE SPECTRAL COMPONENTS 

3.3.1.2.4  EXTERNAL POWER SOURCE 

[PQSV1013] External electric power sources shall supply power having the 
characteristics as specified within this standard. 

Rationale: External power (any auxiliary or emergency power) must maintain the same 

ripple, transient, stability, isolation and fault coordination characteristics that the EPS 
maintains regardless of whether the external power is operating stand-alone or 
integrated with the power system. 

3.3.1.2.5  INRUSH/SURGE CURRENT TRANSIENTS 

[PQSV1014] The EPS shall support load inrush/surge currents of: 
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 0.012 ampere-seconds / ampere for loads with currents 0A < i < 10A 

 0.00253 A*Sec / A + 0.0947 for loads with currents 10A < i < 200A  

Rationale:  Establish inrush/surge capability for the power source.  EPS designers must 
allow for inrush/surge conditions while maintaining nominal system voltage.  While this 
inrush/surge requirement does not take into account source / load margin, the EPS 
designers need to determine sufficient margins to avoid nuisance tripping of source 
switchgear from protection circuits. Designers should consider minimum values of 
margin of 120% of rated output when connecting loads that are not predetermined. The 
ampere-seconds/ampere are normalized inrush ampere-second current divided by the 
source current rating of the source.  The value of 0.012 ampere-seconds/ampere is 
equivalent to a capacitance of 1000uF for a 10 Amp source at 120V as determined by 
the equation C = Q/V: C = 0.012sec*10A/120V = 1000μF or since the 10A source is 
also valid for the second equation: ((0.00253sec*10A) + 0.0947) / 120V = 1000 μF. 

EPS designs may require additional power conditioning for a large inrush condition to 
limit the bus voltage drop. 

3.3.1.3  ABNORMAL OPERATION 

The electrical power system provides the following system power quality in the 
presence of failures or fault conditions. 

3.3.1.3.1  ABNORMAL REVERSE CURRENT 

[PQSV1015] The EPS shall accept reverse currents under abnormal conditions without 
damage. 

 0.012 ampere-seconds / ampere for loads with currents 0A < i < 10A 

 0.00253 A*Sec / A + 0.0947 for loads with currents 10A < i < 200A  

Rationale:  Establish a minimum reverse current capability for switchgear servicing 
loads during voltage droop due to EPS transients or a system fault condition to avoid 
damaging the switchgear. The reverse current source is the discharge of load input filter 
capacitors into the faulted EPS. The value of 0.012 ampere-seconds/ampere is 
equivalent to a capacitance of 1000uF for a 10 Amp source at 120V as determined by 
the equation C = Q/V: C = 0.012sec*10A/120V = 1000μF or since the 10A source is 
also valid for the second equation: ((0.00253sec*10A) + 0.0947) / 120V = 1000 μF. 

3.3.1.3.2  EPS FAULT PROTECTION 

[PQSV1016] The EPS power distribution system shall provide overcurrent protection to 
branch circuits to limit fault currents and isolate faults. 

Rationale: The requirement establishes a consistent fault mitigation method for the EPS 
interface to the EPCE.  Faults in any load branch must be cleared and not cause any 
other load to become disabled.  The protection should limit/clear the overcurrent 
condition to maintain the EPS power quality. 
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3.3.1.3.3  OVERVOLTAGE SURGE 

[PQSV1017] The EPS source at the EPCE interface shall recover from an overvoltage 
surge due to an EPS fault condition to within power quality as shown in the EPS 
Abnormal Limits for Overvoltage and Undervoltage figure. 

Rationale: Establish a worst-case overvoltage condition at the EPCE interface during 
fault clearing from EPS failures. This condition is produced from stored energy within 

the power distribution system and loads. Power system designers need to select 
hardware to withstand anticipated worst-case overvoltage without damaging parts of the 
power system. It must be noted that this event is defined at the EPCE interface.   

This condition is produced from stored energy within the power distribution system and 
loads.  Power system designers need to select hardware to withstand anticipated worst-
case overvoltage without damaging parts of the power system. 

3.3.1.3.4  UNDERVOLTAGE SURGE 

[PQSV1018] The EPS source shall recover from an undervoltage surge due to an EPS 
fault condition to within power quality as shown in EPS Abnormal Limits for Overvoltage 
and Undervoltage figure. 

Rationale: Establish a worst-case undervoltage condition for the EPS at the EPCE 

interface, experienced from fault clearing. This condition depends on the location of the 
fault in the load distribution power system and where it is observed. Clearing of load 
faults generally will not induce conditions as severe and distribution switchgear that 

limits fault currents closer to the EPCE minimizes the effects of system faults. The 
undervoltage condition will fall outside the normal operating voltage, (as low as zero 
volts), clear the condition, reconfigure, and return to within power quality. Power quality 

will be re-established for users outside of the faulted area. Power system designers 

need to select hardware to withstand anticipated worst-case undervoltage conditions 
without damaging parts of the power system. This requirement does not intend to 

specify that any part of the power system will be required to operate through the 

transient event or should configure to operate immediately following the event.  The 
intent is to establish that the source may be removed such that all of the downstream 
EPCE may cease operating and will not be damaged. Other considerations such as 
criticality or system operational modes need to be used to determine recovery state. It 
must be noted that this event is defined at the EPCE interface.   

Consider criticality or system operational modes when determining recovery state.  
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FIGURE 5  120V EPS ABNORMAL VOLTAGE LIMITS FOR OVERVOLTAGE AND 
UNDERVOLTAGE 

3.3.1.3.5  EMERGENCY OPERATION 

[PQSV1019] The EPS shall be capable of supplying power until all energy sources are 
depleted. 

Rationale: The EPS should provide for contingency cases where the primary power 
generation source is disabled or unavailable to allow for 100% power system utilization. 

3.3.1.3.6  FAULTS 

Abnormal conditions occur when a system malfunctions or a fault/failure of the EPS 
occurs.  The protective devices of the EPS during this condition operate to isolate or 
remove the faulted system from the appropriate EPS interface and recover/reconfigure 
from the fault/failure.  Under abnormal conditions, the power quality will not be 

maintained.  Power system designs must take into account these major system fault 
conditions. 

3.3.1.3.6.1  HIGH IMPEDANCE FAULTS 

[PQSV1020] The EPS shall isolate high impedance faults (soft faults) for overcurrent 
conditions in excess of 150% of rated current of the upstream protective device for a 
maximum total clearing time less than 4 seconds (from time of detection). 



ISPSIS Draft Release Copy 

February 2018 

Verify this is the current version before use 3-11 

Rationale:  Establish a worst-case clearing time constraint for overcurrent conditions 
that stress the overall distribution system.  The overcurrent conditions must be removed 

from the EPS.  Clearing times for various loads will be based on mission requirements, 
criticality of the load, and switchgear requirements.  The intent of this requirement is to 
constrain fault current conditions and not directly define the switchgear characteristics. 

3.3.1.3.6.2  HIGH CURRENT FAULTS 

[PQSV1021] The EPS shall isolate high current faults (short circuit) for overcurrent 
conditions in excess of 400% of the rated current of the upstream protective device with 
a maximum total clearing time less than or equal to 15 ms (from time of detection). 

Rationale:  Establish a worst-case clearing time for high current faults (short circuit or a 
load resistance that produces equivalent 400% load current) type conditions that stress 

the distribution system.  Short circuit conditions have to be removed quickly from the 

EPS before damaging other areas of the system.  Faster clearing times under these 
conditions will be based on mission requirements, criticality of the loads, and switchgear 

requirements.  The intent of this requirement is to constrain fault current conditions and 
not directly define the switchgear characteristics. 

3.3.1.3.6.3  EPS, FAULT CONTAINMENT 

[PQSV1022] The EPS shall provide fault protection coordination so that the protective 
circuit closest to the fault will contain an electrical short circuit in the electrical 
distribution system. 

Rationale:  Establish fault coordination as fundamental in maintaining the operability of 
the power system while isolating failures and minimizing the impact of failures to the 
remaining power system at the EPS.   Fault coordination across the interface is 

necessary to ensure that load branch faults will be cleared without affecting any other 

load.  Coordination must take into account upstream protective equipment, stored 
energy causing damaging currents, and inrush currents during fault recovery.  This 

coordination will also be implemented downstream from current limiting switchgear to 

isolate faults occurring in any of the power controller's output lines to contain the fault so 
the device closest to the fault trips first and power can continue to be provided to the 
remaining unfaulted outputs.  Overcurrent protection should be located at the output of 
the distribution system.  The overcurrent protection will isolate a particular branch feed 
from the power system.  Select overcurrent devices based on the overall protection 
coordination. 

3.3.2  ELECTRIC POWER CONSUMING EQUIPMENT INTERFACE 

The following requirements are imposed on each electric power load to guarantee the 
required EPS power quality is maintained. The electrical power characteristics specified 
herein are minimum requirements for EPCE electrical loads.  An EPCE constitutes 
every fixed or portable device that consumes electric power. The following paragraphs 
describe the requirements on electrical users. The performance is specified at the input 
terminals of individual EPCEs (electrical loads). 
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3.3.2.1  NORMAL OPERATION 

The following requirements cover normal operations of EPCEs in the absence of 
failures or fault conditions. 

3.3.2.1.1  STEADY STATE OPERATION 

[PQSV2001] EPCE shall operate with an input voltage within the range of 98 to 136 Vdc. 

Rationale: This voltage is defined at the input terminals of the EPCE. The EPCE are 
designed to operate within the full range of the voltage parameter to allow voltage 
compatibility across multiple interfaces as discussed in paragraph 3.2.   

3.3.2.1.2  EPCE POWER INTERFACE, NORMAL LOAD STEP TRANSIENT VOLTAGE 

[PQSV2002] The EPCE shall operate within the EPS system voltage transient limits 
defined in 120V EPS Normal Transient Response figure. 

Rationale: The 120V EPS Normal Transient Response figure shows the normal 
operating magnitude and duration limits for voltage transients at the EPCE power 

interface due to normal switching of loads. The transient range does not take into 
account any margins that system designers need to take into account in the load 
design. The extreme high and low bus voltages are assumed contingency cases and 

while experiencing these conditions it is assumed that the power system will experience 
small changes in load steps. This power envelop may differ from the main power bus 
transient. The EPCE must operate nominally anywhere within the upper and lower 
boundary condition. 

 

FIGURE 6  120V EPCE NORMAL TRANSIENT RESPONSE 

NOTE: The envelope shown applies to the transient responses exclusive of any 
periodic noise components that may be present. 
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3.3.2.1.3  EPCE, RIPPLE CURRENT 

[PQSV2003] EPCEs shall meet the emissions limits as set by the EMI control plan. 

Rationale: Ripple currents and voltages are superimposed on the 120Vdc and can have 

dramatic effects on instrumentation and other sensitive loads. The total system ripple 
voltage is the collective contributions from sources and loads. EPCEs must minimize 
ripple contribution to the system. 

3.3.2.1.3.1  EPCE, RIPPLE VOLTAGE SPECTRUM          

[PQSV2004] EPCE shall operate nominally and maintain stability when subjected to the 
ripple spectrum as specified in the EMI control plan. 

Rationale: Requirements analogous to CS101 of MIL STD 461 are defined as the worst-

case system ripple voltage for EPCE power interface as a primary power quality 
parameter. Ripple voltage is characterized against frequency range and describes the 

worst-case ripple voltages with collective contributions from sources and loads. This 
system ripple spectrum is a basic power quality requirement and is the basis for the 
electromagnetic susceptibility requirements. Ripple voltages are shown as a maximum, 

which include the system ripple voltage and the EPCE ripple voltage introduced by a 
load. The system ripple voltage does not take into account any margins that system 
designers need to apply to the load design. This spectrum susceptibility requirement 

encompasses the ripple voltage contribution generated by periodic waveforms such as 
sine, square, and triangle waves. 

3.3.2.1.4  STABILITY 

3.3.2.1.4.1  LOCAL STABILITY 

Local stability refers to the stability of a load with respect to a representative source (not 
necessarily the EPS). Meeting the requirements of the following sections assures a 
margin of stability for the loads. Stability is essential to maintain power quality for 
system loads. These requirements need to be met with all reasonable combinations of 
ON/OFF states and operating modes of the electrical loads within the same power 
domain. 

3.3.2.1.4.1.1  LARGE SIGNAL STABILITY 

[PQSV2005] The EPCE shall provide a transient response that is damped as shown in 
Large Signal Stability Transient Response figure when subjected to short-duration 
source-side transient voltages as defined in [PQSV2005V] (paragraph 3.4.2.1.4.1.1). 

Rationale: The transient response must decay and remain below 10 percent of the 
maximum response amplitude within 1.0 milliseconds as illustrated in the Large Signal 

Stability Transient Response figure. The time to damp to 10 percent, as shown, is also 
referred to as settling time. 
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FIGURE 7  LARGE SIGNAL STABILITY 

3.3.2.1.4.1.2  EPCE INPUT IMPEDANCE 

[PQSV2006] The EPCE input load impedance at the EPCE interface terminals shall be 
established. 

Rationale:  The EPCE impedance value is required to calculate the stability margin of 

the source/load combination at the user input terminals.   This document addresses a 
generic interface where the EPS and the EPCE have one common interface.   

3.3.2.1.4.1.3  SMALL SIGNAL STABILITY 

[PQSV2007] The EPCE shall maintain a complex impedance ratio of source impedance 
divided by load impedance (derived from [PQSV 1005] paragraph 3.3.1.1.5.1) that 
remains outside the hatched area (Forbidden Zone) shown in Nyquist Stability of Plot 
ZS divided by ZL figure, from 30 Hz to 100 kHz for all defined EPCE interfaces. 

Rationale: The EPCE should meet this system level requirement for Small Signal 
Stability for all defined EPCE interfaces to maximize compatibility. 
 
 



ISPSIS Draft Release Copy 

February 2018 

Verify this is the current version before use 3-15 

 

FIGURE 8  NYQUIST STABILITY OF PLOT ZS/ZL 

NOTE:   

1. ZS is the output impedance of the source subsystem. 

2. ZL is the input impedance of the load subsystem. 

 

3.3.2.1.5  STARTUP AND INRUSH 

3.3.2.1.5.1  CURRENT LIMITING SWITCHGEAR COMPATIBILITY 

[PQSV2008] An EPCE shall be capable of operating from current limiting switchgear. 

Rationale: Switchgear may limit the maximum input current to a value near the channel 

rating.  EPCE with large values of energy storage (in capacitive filters or equivalent) will 
extend the rise time of the applied voltage as these filters charge.  In extreme cases, the 

charging time may be greater than 100 msec.  The EPCE must be compatible with this 
slow rise time. 

3.3.2.1.5.2  INRUSH/SURGE CURRENT TRANSIENTS 

[PQSV2009] An EPCE shall limit Inrush/Surge current to:  

 0.012 ampere-seconds / ampere for loads with currents 0A < i < 10A 

 0.00253 A*Sec / A + 0.0947 for loads with currents 10A < i < 200A  

Rationale: Loads must limit current transients to within safe operating limits of the 
upstream switch with trip characteristics. The normalized ampere-seconds/ampere units 
are defined as the inrush ampere-second current divided by the rated load current. Load 
current transients must be coordinated with upstream switchgear.  The value of 0.012 
ampere-seconds/ampere is equivalent to a capacitance of 1000uF for a 10 Amp load at 
120V as determined by the equation C = Q/V: C = 0.012sec*10A/120V = 1000μF or 
since the 10A load is also valid for the second equation: ((0.00253sec*10A) + 0.0947) / 
120V = 1000 μF. 
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3.3.2.1.6  REVERSE CURRENT 

[PQSV2010] The EPCE shall not produce reverse current flow back into the EPS source 
under normal operation for a fixed interface voltage. 

Rationale: EPCEs need to be designed to prevent current to out-flow into the power 
system under normal load operation with the voltage remaining constant.  Loads, mainly 
motors and other inertial loads need to be designed as to not normally supply reverse 

currents (re-gen) into the distribution system and potentially raise the bus voltage to 
unacceptable levels causing the unintended tripping from other devices within the 
system.  This requirement assumes a fixed steady state EPS bus voltage without any 

EPS droop in voltage therefore it is assumed that energy storage devices such as 
capacitors will not be affected by this requirement. 

3.3.2.1.7  EPCE INPUT ISOLATION 

[PQSV2011] The EPCE shall provide a minimum of 1 MΩ DC-resistive input isolation 
and also maintain isolation between each independent source input and between each 
source and chassis. 

Rationale: Maintain a consistent level of input isolation for EPCE and maintain isolation 
between power inputs such that no single failure within the EPCE will cause loss of 
electrical isolation between independent power buses or to chassis ground. These 

requirements apply to both supply and return circuits. Return isolation needs to be 
maintained when there are multiple circuits so as to not create a loop path (antenna), 
multiple return path (currents flowing through the single-point ground), or common mode 

currents. Isolation from chassis must be maintained to prevent currents through vehicle 
structure. Each EPCE must meet the failure requirements of the vehicle and should not 
cause loss of isolation between independent power busses. 

3.3.2.2  ABNORMAL OPERATION 

The EPCE is to return to normal operations after experiencing abnormal transients due 
to fault clearing identified in the following paragraphs.  Abnormal transients occur when 
a malfunction or fault/failure is present in the system.  The protective devices of the 
EPS, during this condition, operate to isolate or remove the fault from the appropriate 
EPS interface and recover from the fault/failure. 

3.3.2.2.1  ABNORMAL REVERSE CURRENTS 

[PQSV2012] The EPCE shall limit reverse currents under abnormal conditions to: 

 0.012 ampere-seconds / ampere for loads with currents 0A < i < 10A 

 0.00253 A*Sec / A + 0.0947 for loads with currents 10A < i < 200A  

Rationale: Determine safe levels of reverse current that an EPCE can provide during an 
EPS voltage droop or fault condition to ensure that the currents do not raise the bus 
voltage to unacceptable levels and potentially damage the distribution system 
switchgear.  The ampere-seconds/ampere units are defined as the reverse current 
ampere-second current divided by the rated load current.  EPS switchgear and 
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protection is limited in the amount of reverse current that can be supplied by the loads.  
The value of 0.012 ampere-seconds/ampere is equivalent to a capacitance of 1000uF 
for a 10 Amp load at 120V as determined by the equation C = Q/V: C = 
0.012sec*10A/120V = 1000μF or since the 10A load is also valid for the second 
equation: ((0.00253sec*10A) + 0.0947) / 120V = 1000 μF. 

3.3.2.2.2  OVERVOLTAGE SURGE 

[PQSV2013] The EPCE shall meet the operational performance requirements as defined 
by the EPCE controlling documents after experiencing an overvoltage due to an EPS 
fault as shown in EPCE Abnormal Voltage Limits for Overvoltage and Undervoltage 
figure. 

Rationale: This defines a worst-case overvoltage condition during fault clearing for 
major EPS faults. The user should not expect power quality during a fault condition. 
EPCE designers must take into account these conditions in the design of loads. EPCE 

designers need to select hardware to withstand anticipated worst-case overvoltage 
without permanently damaging system loads. EPCE controlling documents define how 
the equipment will operate nominally through the transient or recover to a safe state 
either automatically or by manual restart. 

3.3.2.2.3  UNDERVOLTAGE SURGE 

[PQSV2014] The EPCE shall meet the operational performance requirements as defined 
by the EPCE controlling documents after experiencing undervoltage due to an EPS fault 
as shown in EPCE Abnormal Voltage Limits for Overvoltage and Undervoltage figure. 

Rationale: This event is defined at the EPCE interface. The user should not expect 

power quality during an EPS fault condition. The worst-case undervoltage condition will 

be outside of power quality while the system detects the fault, clears the condition, and 
re-establishes power to within power quality. Power quality will be re-established for 

users outside of the faulted area. EPCE controlling documents define how the 

equipment will operate nominally through the transient or recover to a safe state either 
automatically or by manual restart. The intent of this requirement is that loads should 

not be damaged or cause an unsafe condition as a result of undervoltage events. This 
requirement does not intend to stipulate whether any given load will be required to 
operate through the transient event or should configure to operate immediately following 
the event. The intent is to establish that the source may be removed such that all of the 
downstream EPCE may cease operating and will not be damaged.  The EPCE input 
filter is not required to act as an uninterruptable power supply and any critical EPCE 
should have redundancy or multiple independent source inputs. Other considerations 

such as load criticality or system operational mode need to be used to determine 
recovery state. The EPCE can experience abnormal voltage droop and voltage 
overshoot greater than specified by the EPS, Normal Load Step Transient Voltage 

[PQSV1009] paragraph 3.3.1.2.2 while sharing an EPS source interface feeder with other 
loads. The magnitude of the abnormal voltage will be dependent on the loads applied 
and being applied / removed. Determination of the effects from the switching 
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disturbances will be identified by the specific hardware controlling documents. It must 
be noted that this event is defined at the EPCE interface.   

 

FIGURE 9  120V EPCE ABNORMAL VOLTAGE LIMITS FOR OVERVOLTAGE AND 
UNDERVOLTAGE 

3.3.2.2.4  EMERGENCY OPERATION 

[PQSV2015] EPCE deemed essential (contingency operations) shall continue to operate 
without loss of performance down to the reduced Emergency Voltage Limit of 95V. 

Rationale: Establish an emergency operation system voltage range. The voltage allows 
for contingency cases where the primary power generation source is disabled or 

unavailable to allow for 100% power system utilization.  This requirement typically 
applies to unregulated sources (i.e., battery) where there are a few specified EPCE that 
are required to continue to operate below normal minimum voltages for contingency 

operations.  Operations below this contingency voltage is usually not practical due to 
the source no longer able to supply the required current for the EPCE to operate.   

3.4  VERIFICATION AND TESTING 

An important part of achieving reliability of the EPS is through verification performed at 
the appropriate level of assembly. This section is intended to identify critical electrical 
characteristics that need to be verified. This section provides the complete set of 
verification requirements necessary to ensure compliance with the interface and design 
requirements contained in the General Power Quality Requirements section. 
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The verification process and requirement closure is performed to ensure that the 
product complies with the requirement as specified and as determined by the 
verification requirement. Section 3.4 contains a verification requirement for each 
requirement in Section 3.3. 

The intent is to establish verification of spacecraft power sources (EPS) with clean, 
resistive loads, and to establish verification for spacecraft loads (EPCE) with clean, 
battery-like sources. 

A - Analysis is a method of verification utilizing techniques and tools such as computer 
and hardware simulations, analog modeling, similarity assessments, and validation of 
records to confirm that design requirements to be verified have been satisfied. Analysis 
is the evaluation of the results of multiple tests and analyses at a lower level as it would 
apply to a higher level of assembly. When analysis is selected as the verification 

method, the chosen analytical methodology will be supported by appropriate rationale 
and be detailed in the applicable documents. 

D - Demonstration is a qualitative exhibition of functional performance (i.e., 
serviceability, accessibility, transportability, and human engineering features) usually 
accomplished with no or minimal instrumentation. 

I - Inspection is a method of verification of physical characteristics that determines 
compliance of the item with requirements without the use of special laboratory 
equipment, procedures, test support items, or services. Inspection uses standard 
methods such as visuals, gauges, etc. to verify compliance with requirements. 
Hardware may be inspected for the following: 

 Construction 

 Workmanship 

 Physical condition 

 Specification and/or drawing compliance 

Inspection may be used to confirm that engineering drawings call out proper design and 
construction features (e.g., materials and processes). Inspection includes Review of 
Design (ROD). This is typically a review of the as-built drawings to confirm that a design 
feature has been incorporated into the design. 

T - Test is a method of verification wherein requirements are verified by measurement 
during or after the controlled application of functional and environmental stimuli. These 
measurements may require the use of laboratory equipment, recorded data, 

procedures, test support items, or services. For all verification, qualification, and 
acceptance test activities, pass or fail test criteria or acceptance tolerance bands (based 
upon design and performance requirements) shall be specified prior to conducting the 
test. This will ensure that the actual performance of tested equipment or systems meets 
or exceeds specifications. 
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3.4.1  ELECTRICAL POWER SYSTEM, SOURCE POWER INTERFACE 

3.4.1.1  EPS SYSTEM CHARACTERISTICS 

3.4.1.1.1  SINGLE-POINT GROUND 

[PQSV1001V] Verification of single point ground shall be performed by inspection. An 
inspection of all production electrical wiring drawings shall be performed to verify that 
the power distribution system maintains a single point ground. 

3.4.1.1.2  DISTRIBUTION WIRING 

[PQSV1002V] Verification of two-wire distribution shall be performed by inspection. An 
inspection of all production electrical wiring drawings shall be performed to verify that 
the power distribution system maintains a two-wire system. The verification shall be 

considered successful when the inspection shows that the EPS utilizes a two-wire 
system as specified in the requirement [PQSV1001]. 

3.4.1.1.3  ISOLATION 

[PQSV1003V] Verification of Power Bus Isolation between two or more independent EPS 
Power Buses shall be performed by inspection. A review of production drawings and 
hardware configuration end item input isolation data shall be performed to verify that the 
supply line of each channel and return line (excluding single-point ground connection 
points) of each channel are not connected together. The verification shall be considered 
successful when the inspection shows that the isolation between supply lines of each 
channel and return lines (excluding single-point ground connection points) of each 
channel are isolated as specified. 

3.4.1.1.4  REVERSE CURRENT 

NVR 

Rationale: No EPS verification required under normal operations since there is no 
EPCE reverse current allowed.  However, under abnormal operations the EPS will need 
to meet the EPCE abnormal reverse current as defined under requirement [PQSV1015].  

3.4.1.1.5  STABILITY 

3.4.1.1.5.1  SOURCE IMPEDANCE 

[PQSV1005V] The EPS source impedance shall be determined by test and analysis. See 
Appendix E.3. 

3.4.1.1.5.2  SMALL SIGNAL STABILITY – SYSTEM STABILITY 

[PQSV1006V] Verification of small signal stability shall be performed by analysis and test 
of source and load impedances. An analysis shall be performed based on the Nyquist 
criteria shown in requirement [PQSV1006]. 
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3.4.1.1.6  ELECTROMAGNETIC COMPATIBILITY 

[PQSV1007V] Verification shall be performed by completing the analyses and tests per 
EMI Control Plan in accordance with the vehicle mission requirements. 

Rationale: Adopt a common Electromagnetic Interference (EMI) requirement for the 
power system. 

3.4.1.2  NORMAL OPERATION REQUIREMENTS 

3.4.1.2.1  STEADY-STATE VOLTAGE 

[PQSV1008V] Verification of compatibility with the steady-state voltage range shall be 
performed by test. 

The steady-state voltage shall be measured under a no load open circuit condition and 
when subjected to a resistive load at 100% of rated capacity. The verification shall be 
considered successful when the test shows that the EPS provided steady-state voltage 
is within the range specified in requirement [PQSV1008] for the EPCE power interface. 

Any EPS power interface defined upstream of the EPCE power interface shall also 
include the necessary voltage drop margins to maintain the range specified in 
requirement [PQSV1008] for the downstream EPCE power interface. 

Rationale: Minimum load condition is the initial powered up state of the system. 

3.4.1.2.2  NORMAL LOAD STEP TRANSIENT VOLTAGE 

[PQSV1009V] Verification of compatibility with the normal load step transient shall be 
performed by test. 

A test shall be performed to verify that the voltage remains within the magnitude and 
duration limits specified in the requirements when subjected to a 50% (±5%) 
representative load change including application and removal of the load with a nominal 
initial voltage within the range specified. The representative load shall be 50% (±5%) of 
the rated output power. The test shall be performed in two parts. The first part shall 
consist of the application and removal of the load with the EPS operating at 10% (±5%) 
of nominal operating mode power capacity. The second part shall consist of the 
application and removal of the load with the power system operating at 45% (±5%) of 
nominal operating mode power capacity. The verification shall be considered successful 
when the tests show that the voltage remains within the range specified in requirement 
[PQSV1009]. 

Any EPS power interface defined upstream of the EPCE power interface shall also 
include the necessary voltage drop margins to maintain the range specified in 
requirement [PQSV1009] for the downstream EPCE power interface. 

Rationale: This normal load step test should be conducted under nominal system 

operating conditions and should not be considered a turn-on or turn-off transient test. 
The test conditions are at the loads interface. 
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3.4.1.2.3  RIPPLE VOLTAGE 

3.4.1.2.3.1  PEAK RIPPLE VOLTAGE 

[PQSV1010V] Verification of the peak ripple voltage shall be performed by test. A test 
shall be performed to verify that the maximum peak ripple voltage is less than limits 
specified in the requirements when subjected to resistive loads that draw 20% (±5%) 
and 100% (+0/-5%) of the rated power. The verification shall be considered successful 
when the test shows that the maximum peak ripple voltage is less than 10.0 Vp-p (peak-
to-peak) in a bandwidth of 30Hz to 1 Mhz. 

Rationale: Maximum peak ripple voltage is useful as a primary power quality parameter 
so components can be properly sized to withstand peak voltages within the system. 
Loads that are to be connected to the power system are considered representative 

loads. This requirement is intended to be verified under lab conditions using a 

representative interface source and load. Design specific power specifications may 
allocate the ripple for the EPS itself at specified upper tier EPS interfaces, including the 
generic EPS/EPCE interface. 

3.4.1.2.3.2  RIPPLE VOLTAGE AMPLITUDE 

[PQSV1011V] Verification of the ripple voltage amplitude shall be performed by test. A 
test shall be performed to verify that the maximum rms ripple voltage is less than limits 
specified in the requirements when subjected to resistive loads that draw 20% (±5%) 
and 100% (+0/-5%) of the rated power. The verification shall be considered successful 
when the test shows that the maximum ripple voltage is less than 3.0 Vrms in a 
bandwidth of 30 Hz to 1 MHz. This measurement shall be made using a true rms 
voltmeter with a bandwidth of at least 1 MHz. 

Rationale: Maximum rms ripple voltage is useful as a primary power quality parameter 

to determine how much “ac noise” is present in the dc system. Loads that are to be 
connected to the power system are considered representative loads. Ripple voltage 

includes the collective contributions from sources and loads at EPS Interface as a 

primary power quality parameter. Design specific power specifications may allocate the 
ripple for the EPS itself at specified upper tier EPS interfaces, including the generic 
EPS/EPCE interface. 

3.4.1.2.3.3  RIPPLE VOLTAGE SPECTRUM 

[PQSV1012V] Verification of the ripple voltage spectrum shall be performed by test. A 
test shall be performed to verify that the ripple voltage remains within the magnitude 
and frequency limits specified in the requirements when subjected to resistive loads that 

draw 20% (±5%) and 100% (+0/-5%) of the rated power. The verification shall be 
considered successful when the test shows that the ripple voltage is within the range 
specified in requirement [PQSV1012]. 

Rationale: Ripple voltage is useful as a primary power quality parameter to determine 
how much “ac noise” is present in the dc system over a defined frequency spectrum. 
Ripple voltage includes the collective contributions from sources and loads at the EPS 
Source interface as a primary power quality parameter.  The frequency domain limit of 
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the cumulative noise is maintained at least 6dB below the EMC conducted susceptibility 
requirements of MIL-STD-461. Design specific power specifications may allocate the 

ripple for the EPS itself at specific defined interfaces, not just at the generic EPS/EPCE 
interface. 

3.4.1.2.4  EXTERNAL POWER SOURCE 

[PQSV1013V] External power sources shall be tested to verify compliance with this 
standard. 

3.4.1.2.5  INRUSH/SURGE CURRENT TRANSIENTS 

[PQSV1014V] Verification of EPS inrush capability shall be performed by test. The test 
shall be performed by charging the specified equivalent capacitance without causing a 
trip of the controlling switchgear. 

3.4.1.3  ABNORMAL OPERATION 

3.4.1.3.1  ABNORMAL REVERSE CURRENT 

[PQSV1015V] Verification that the EPS can accept the abnormal EPCE reverse current 
without damage shall be performed by test and analysis. The analysis shall be 
considered successful when the results show that no EPS is damaged by the abnormal 
reverse current flow as specified in the requirement [PQSV1015]. 

3.4.1.3.2  EPS FAULT PROTECTION 

[PQSV1016V] Verification of overcurrent protection shall be verified by test and analysis. 
The test shall consist of loading the EPS source interface with resistive loads until the 
overcurrent protection clears the overcurrent condition. The verification shall be 
considered successful when the test shows the EPS source interface clears the 
overcurrent condition. 

Rationale: Testing for the EPS switchgear will be performed on qualification hardware.  
Fault clearing capability for the switchgear will be performed in flight like configurations 

using appropriate circuit cables / connectors and resistive loads.  Aggressive fault 
testing should not be performed on flight circuits.  

3.4.1.3.3  OVERVOLTAGE SURGE 

[PQSV1017V] Verification of the overvoltage surge due to EPS fault shall be verified by 
test or analysis. The test or analysis shall be performed to verify the overvoltage surge 
at the EPS source side of the load interface remains within the limits specified in the 
requirement [PQSV1017] when subjected to the application and removal of a high 
current fault or other component failure. An analysis shall be performed to evaluate fault 
conditions where testing is not possible and could degrade flight hardware. The 
verification shall be considered successful when the test or analysis shows the 
overvoltage at the EPS source interface is within the range specified in requirement 
[PQSV1017]. 
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Rationale: This verification of the source surge is at the EPCE interface. Application and 
removal of a fault within the EPS can result in an overvoltage condition on other 
interface channels due to the line inductance between the source and the load.   

3.4.1.3.4  UNDERVOLTAGE SURGE 

[PQSV1018V] Verification of the undervoltage surge due to EPS fault shall be verified by 
test or analysis. The test or analysis shall be performed to verify the undervoltage surge 
at the EPS source side of the load interface remains within the limits specified in the 
requirement [PQSV1018] when subjected to the application and removal of a high 
current fault or other component failure. An analysis shall be performed to evaluate fault 
conditions where testing is not possible and could degrade flight hardware. The 
verification shall be considered successful when the test or analysis shows the 
undervoltage at the EPS source interface is within the range specified in requirement 
[PQSV1018]. 

Rationale: This verification of the source undervoltage is at the EPCE interface. 

Application and removal of a fault within the EPS can result in an undervoltage condition 
on other interface channels due to the line inductance between the source and the load. 

3.4.1.3.5  EMERGENCY OPERATION 

[PQSV1019V] Verification of EPS Emergency Operation shall be performed by analysis. 
The analysis shall verify that the EPS control and protection logic allows access to all 
available power sources during fault or component failure conditions. 

3.4.1.3.6  FAULTS 

3.4.1.3.6.1  HIGH IMPEDANCE FAULTS 

[PQSV1020V] Verification of high impedance fault protection shall be performed by test. 
The test shall consist of loading the EPS with a resistive load. The verification shall be 
considered successful when the test shows that the EPS clears the overcurrent 
condition within the time specified in the requirement [PQSV1020]. 

Rationale: Testing for the EPS switchgear will be performed on qualification hardware.  
Fault clearing capability for the switchgear will be performed in flight like configurations 
using appropriate circuit cables / connectors and resistive loads.  Aggressive fault 
testing should not be performed on flight circuits 

3.4.1.3.6.2  HIGH CURRENT FAULTS 

[PQSV1021V] Verification of high current fault protection shall be performed by test. The 
test shall consist of loading the EPS with a resistive load. The verification shall be 
considered successful when the test shows that the EPS clears the overcurrent 
condition within the time specified in the requirement [PQSV1021]. 

Rationale: Testing for the EPS switchgear will be performed on qualification hardware.  

Fault clearing capability for the switchgear will be performed in flight like configurations 
using appropriate circuit cables / connectors and resistive loads.  Aggressive fault 
testing should not be performed on flight circuits 
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3.4.1.3.6.3  EPS, FAULT CONTAINMENT 

[PQSV1022V] Verification of EPS fault containment shall be performed by analysis. The 
analysis shall consist of evaluating all branch circuits to verify that overcurrent 
protection is provided and trip coordination will prevent fault propagation and isolate 
faults. The verification shall be considered successful when the analysis shows that 
fault containment meets the requirement [PQSV1022]. 

3.4.2  ELECTRIC POWER CONSUMING EQUIPMENT INTERFACE 

3.4.2.1  NORMAL OPERATION 

3.4.2.1.1  STEADY STATE OPERATION 

[PQSV2001V] Verification of EPCE operational compatibility with the steady-state voltage 

range shall be performed by test.  Verification shall be performed by test at low and high 
input voltage values as specified in requirement [PQSV2001]. EPCE shall be operated 
under selected loading conditions that envelop operational loading. The acceptable 
method to demonstrate compatibility with the minimum and maximum system voltage 
level is to test the EPCE at a steady-state input voltage of 98 Vdc (or below) and 136 
Vdc (or above). The verification shall be considered successful when the test shows the 
EPCE operates nominally. 

Rationale: EPCE undergoing susceptibility testing typically test at the low and high 
voltage with a voltage ripple superimposed.     

3.4.2.1.2  EPCE POWER INTERFACE, NORMAL LOAD STEP TRANSIENT VOLTAGE 

[PQSV2002V] Verification of compatibility with the normal load step transient at the 
EPS/EPCE interface shall be performed by test. Verification shall be performed by test 
at low and high input voltage values as specified in requirement [PQSV2002]. EPCE 
shall be operated under selected loading conditions that envelop operational loading. 
Rate of change should be between 0.5V/usec and 1V/usec. EPCE should be tested by 
applying an input voltage transient step as shown in the Normal Load Step-Down 
Transient Test and the Normal Load Step-Up Transient Test figures from the nominal 
steady-state voltage (120V) to the maximum transient levels (141V) and from a steady-
state voltage of 114V to the minimum transient levels (93V). The Normal Load Step-Up 
Transient Test and Normal Load Step-Down Transient Test waveforms below depict the 
details. The verification shall be considered successful when the test shows the EPCE 
operates nominally when input terminals are subjected to test voltages as specified in 
Normal Load Step-Down Transient Test and Normal Load Step-Up Transient figures 
below. 
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FIGURE 10  NORMAL LOAD STEP-DOWN TRANSIENT TEST 

 

FIGURE 11  NORMAL LOAD STEP-UP TRANSIENT TEST 

Rationale: The test conditions are at the loads interface. 
 

3.4.2.1.3  EPCE, RIPPLE CURRENT 

NVR 

Rationale: Verification is considered successful by successfully performing the ripple 
tests as defined by the EMI control document. 
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3.4.2.1.3.1  EPCE, RIPPLE VOLTAGE SPECTRUM 

NVR 

Rationale: Verification is considered successful by successfully performing the spectrum 
tests as defined by the EMI control document. 

3.4.2.1.4  STABILITY 

NVR 

3.4.2.1.4.1  LOCAL STABILITY 

NVR 

3.4.2.1.4.1.1  LARGE SIGNAL STABILITY 

[PQSV2005V] Large signal stability shall be verified by test and analysis. 

A large signal stability test shall be conducted for EPCE connected to the EPS source 
interface. An integrated analysis shall be provided for representative maximum and 
minimum load cases to demonstrate that impedance variations will not impact system 
stability. The input and transient response waveforms for the EPCE shall be recorded 
from the start of the pulse through the time when the transient diminishes to and 
remains below 10 percent of the maximum amplitude of the response. The input 
waveform shall be measured at the secondary side of the injection transformer. 

The required test conditions may be produced using a programmable power source or 
the setup shown in Appendix E.4. Short-duration voltage pulses, as defined below shall 
be applied. Short-duration power-system transients are defined, as part of the Large 
Signal Stability requirement, as follows: 

1) The rise and fall times (between 10 and 90 percent of the amplitude points) of the 
input voltage pulse shall be less than 1 microsecond. 

2) Duration of the voltage pulse may vary between 20 microseconds and 125 
microseconds in duration. In test, this shall be satisfied by applying pulses of 
duration of 20, 50, 80, 100, and 125 microseconds (±5 microseconds). 

3) Magnitude of the voltage pulses imposed on top of 120.0 ± 1.0 Vdc input shall be 
14.5 ± 0.5 volts, positive. Subsequently, the resulting transient amplitude will 
remain within the EPS normal load step transient limits. 

The defined transient is illustrated in the Large Signal Stability Test Transient figure and 
appears in series with the output of the power source as shown in Appendix E.4. 
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FIGURE 12  LARGE SIGNAL STABILITY TEST TRANSIENT 

The verification shall be considered successful when results show that transient 
responses, measured at the input to EPCE, diminish to 10 percent of the maximum 
amplitude within 1.0 milliseconds and remain below 10 percent thereafter as illustrated 
in the Large Signal Stability Transient Response figure. The connected EPCE shall 
maintain full performance as specified during the resulting transients. 

For the analysis method of verification, the analysis model must be a high fidelity time 
domain model (which includes the voltage and/or current control loops of the converter) 
in order to properly capture the voltage transient response when subjected to the large 
signal stability pulse. 

3.4.2.1.4.1.2  EPCE INPUT IMPEDANCE 

[PQSV2006V] Verification of EPCE input impedance shall be performed by test. See 
Appendix E.1.  EPCE impedance shall be verified by measuring the normalized input 
impedance magnitude and phase at low and high input voltage values as specified in 
the requirement [PQSV2006]. 

Rationale: This requirement needs to be met with all reasonable combinations of 
ON/OFF states and operating modes of the electrical loads within the same EPCE.  

3.4.2.1.4.1.3  SMALL SIGNAL STABILITY 

[PQSV2007V] Verification of EPCE Small Signal Stability at the EPS source interface 
shall be performed by test and analysis. EPCE Small Signal Stability shall be verified by 
calculating the complex impedance ratio of the source impedance divided by the load 
impedance and ensuring that it remains outside the hatched area (Forbidden Zone) 
shown in Nyquist Stability Plot of ZS divided by ZL, from 30 Hz to 100 kHz. EPCE shall 
be operated under selected loading conditions that envelop operational loading. The 
verification shall be considered successful when the analysis supported by test data 
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shows the ZS divided by ZL ratio for all defined EPCE interfaces do not cross into the 
Forbidden Zone defined in requirement [PQSV2007]. 

Rationale: This requirement needs to be met with all reasonable combinations of 
ON/OFF states and operating modes of the electrical loads within the same EPCE. A 

basis calculation example, test setup for Input Impedance tests to measure both 
magnitude and phase curves, are described in Appendix E. 

3.4.2.1.5  STARTUP AND INRUSH 

3.4.2.1.5.1  CURRENT LIMITING SWITCHGEAR COMPATIBILITY 

[PQSV2008V] Verification of the current limiting source compatibility shall be by test. The 
test shall consist of the DUT operating with current limiting source switchgear that limits 
current to 110% of the test current as the test source. The DUT shall not exhibit any 

malfunction, degradation of performance, or deviation from specified parameters when 
operated per requirement [PQSV2008]. 

3.4.2.1.5.2  INRUSH/SURGE CURRENT TRANSIENTS 

[PQSV2009V] Verification of allowable EPCE inrush and surge transient shall be 
performed by test and analysis using a characteristic non-current limiting source and a 
source that limits current to 110% of the test current as the test source. The test or 
analysis shall be performed as illustrated in Appendix E.2 to verify that the DUT inrush 
current during initial voltage application and surge current during DUT operation 
remains within the magnitude and duration limits specified in requirement [PQSV2009] 

when using the non-current limiting and current limiting (110%) source. The verification 
shall be considered successful when the results show that the transient remains within 
the limits specified in the requirement [PQSV2009]. 

3.4.2.1.6  REVERSE CURRENT 

[PQSV2010V] Verification of EPCE reverse current shall be performed by test and 
analysis. The test or analysis shall be performed on EPCE circuitry to show that during 
normal operation there are no reverse currents that will flow from the EPCE back into 
the EPS. The test and analysis shall be performed as illustrated in Appendix E.2. The 
analysis shall be considered successful when the results show that no EPCE reverse 
current flows as specified in the requirement [PQSV2010]. 

3.4.2.1.7  EPCE INPUT ISOLATION 

[PQSV2011V] Verification of power source isolation shall be performed by test and 

analysis. EPCE equipment shall be tested to the specified limits for dielectric isolation 
between power sources and between power sources and chassis. Analysis of the 
design shall be performed to determine no single failure can cause loss of isolation. 
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3.4.2.2  ABNORMAL OPERATION 

3.4.2.2.1  ABNORMAL REVERSE CURRENTS 

[PQSV2012V] Verification of EPCE reverse current shall be performed by test and 
analysis. The test and analysis shall be performed as illustrated in Appendix E.2 on 
EPCE circuitry to determine the amount of current that will flow from the EPCE back into 
EPS during a simulated system voltage droop and EPS fault condition. The test or 
analysis shall be considered successful when the results show that EPCE limits reverse 
current flow as specified in the requirement [PQSV2012]. 

3.4.2.2.2  OVERVOLTAGE SURGE 

[PQSV2013V] Verification of compatibility with the overvoltage surge at the EPS loads 
interface shall be performed by test and analysis. The test or analysis shall be 

performed with the EPCE subjected to an input transient as specified in requirement 
[PQSV2013]. EPCE should be tested from the maximum steady-state voltage (136V) to 
the maximum transient levels (150V) and back to the maximum steady-state voltage 
(136V). The Overvoltage Transient Test Waveform depicts the voltage and time steps. 
The verification shall be considered successful when the test or analysis shows the 
EPCE operates nominally per the EPCE controlling documents after subjected to the 
overvoltage surge as specified in requirement [PQSV2013]. 

Rationale: This verification of the source surge is at the EPCE interface. 

 

FIGURE 13  OVERVOLTAGE TRANSIENT TEST WAVEFORM 
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3.4.2.2.3  UNDERVOLTAGE SURGE 

[PQSV2014V] Verification of compatibility with the undervoltage surge at the EPS loads 
interface shall be performed by test and analysis. The test or analysis shall be 
performed with the EPCE subjected to an input transient as specified in requirement 
[PQSV2014]. EPCE should be tested from the steady-state voltage (120V) to 0V and 
back to the steady-state voltage (120V). The Undervoltage Transient Test Waveform 
depicts the voltage and time steps. Rate of change should be between 
0.5V/microsecond and 1V/microsecond. The verification shall be considered successful 
when the test or analysis shows the EPCE operates nominally per the EPCE controlling 
documents after being subjected to the undervoltage surge as specified in requirement 
[PQSV2014]. 

Rationale: This verification of the source undervoltage is at the EPCE interface.  

 

FIGURE 14  UNDERVOLTAGE TRANSIENT TEST WAVEFORM 

 

3.4.2.2.4  EMERGENCY OPERATION 

[PQSV2015V] Where specified, EPCE operation with an emergency voltage input of 95 V 
shall be verified by test. 
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4.0  FUTURE TOPICS FOR POSSIBLE STANDARDIZATION 

N/A 
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APPENDIX A   ACRONYMS AND ABBREVIATIONS 

AC alternating current 
A Ampere 

dB decibels 
DC direct current 
DUT device under test 

E3 Electromagnetic Environmental Effects 
EMC Electromagnetic Compatibility 
EMI Electromagnetic Interface 
EPCE Electrical Power Consuming Equipment 
EPS Electrical Power System 

EUT Equipment Under Test 

FET Field Effect Transistor 

GSE Ground Support Equipment 

Hz Hertz 

kHz kilohertz 

MCB Multilateral Coordination Board 
MHz Megahertz 
μs microsecond 

NVR No Verification Required 

POR Point of Regulation or Point of Reference for unregulated systems 
pps pulses per second 

PU Per Unit 
RC Resistor/Capacitor 
rms root mean square 

TBD To Be Determined 
TBR To Be Resolved 

μF microfarad 

V DC Volt direct current 
V p-p Volts peak-to-peak 

W Watt 

Zn normalized input load impedance 
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APPENDIX B   GLOSSARY 

ABNORMAL OPERATION 

Abnormal operation is that condition of the EPS wherein a fault or failure in the EPS 
distribution wiring, or connected loads, has occurred and the protective devices of the 
EPS are operating to isolate or remove the fault from the appropriate EPS interface. 

BRANCH CIRCUIT 

A power distribution line that delivers power from an overcurrent protection device to an 
electrical load device. 

BUS CONTROL 

A means of controlling the direction and flow of current across an interface. 

CLEARING TIME 

The time for an overcurrent protection device to interrupt a circuit fault. 

CURRENT LIMITING 

The process of actively controlling the flow of electrical current to a level at, or below, a 
defined threshold when it might otherwise be exceeded.  Also, the role of electrical 
protection controls that perform this function. 

DISTRIBUTION SYSTEM 

The means to distribute power through the power system. 

DROP-OUT TIME 

Drop-out time is the time interval during which the electric power is interrupted.  
Voltages will be below defined values for the duration of the drop-out and are assumed 
to fall to zero Volts. 

ELECTRIC POWER CONSUMING EQUIPMENT 

EPCE is used in this document as a generic term to refer to any piece of electrical 
equipment acting as a load on the Spacecraft. 

ELECTRIC POWER SYSTEM 

The EPS consists of the electric power generation and distribution subsystems, 
including all devices up to the EPCE power interface such as generators, energy 
storage devices, cables, switches, protective devices, converters, and regulators. 

ELECTROMAGNETIC COMPATIBILITY 

The ability of systems, and EPCEs that are exposed to or use the electromagnetic 
spectrum to operate in the operational environments without suffering unacceptable 
degradation or causing unintentional degradation because of electromagnetic radiation. 

EMERGENCY OPERATION 

Emergency operation occurs upon failure of a primary power generation/energy storage 
system and/or contingency cases requiring deep discharges users of electrical power. 
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EPS POWER INTERFACE 

The EPS Power Interface is the point of connection for a fixed EPCE.  For portable 
equipment, the EPS power interface is at the EPS receptacle. 

FAULT 

A condition causing overcurrent on the EPS. 

FAULT CLEARING 

The action in power system protection devices that disconnects a faulted line from the 
rest of the system. 

FAULT CONTAINMENT 

A mechanism to localize a circuit fault to the closest protective device. 

FAULT COORDINATION 

Coordinating a series of protective devices in such a way as to make sure the protective 
device nearest to the fault clears the fault before affecting upstream switchgear. 

FEEDER LINE 

Cables that distribute electrical power from a primary bus to lower level protective 
switchgear. 

GROUND 

Common circuit reference point considered to have 0 V. 

HIGH CURRENT FAULT 

A fault condition that produced very high currents generally conducting fault current 
through a hard physical connection.  This condition is often referred to as a "bolted 
fault." 

HIGH IMPEDANCE FAULT 

A fault condition that produces unacceptable currents but is not considered high 
currents.  This fault is often considered the most dangerous and difficult to clear.  This 
fault is often referred to as a "soft fault." 

IMPEDANCE 

Electrical impedance describes the amplitudes of the voltage, current, and phase.  
Impedance is the complex quantity . 

INRUSH CURRENT 

Inrush current is defined as EPCE initialization current to energize loads or portions 
thereof. The current envelope is the total charging current in amp-seconds that starts at 
the instant current exceeds the rated load current of the EPCE and ends once the input 
current returns to the rated load current value. 

INSTABILITY 

Characterized by an output or internal state of a system growing without bounds. 
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INTERFACE POWER 

The electrical power supplied/consumed to/from an electrical load. 

LEAKAGE CURRENT 

Current flow as a result of imperfect insulation or semiconductor materials. 

LOCAL STABILITY 

A limited measure of EPCE stability under representative (or typical) source impedance 
conditions. 

NOMINAL RATING 

An approximate value used to indicate its intended application or to differentiate it from 
similar devices with different ratings. 

NUISANCE TRIPPING 

An inadvertent interruption of an EPCE by the protection switchgear during normal 
operation of the load. 

NORMALIZED INPUT IMPEDANCE 

EPCE Input impedance curve scaled to 0 dB (1 ohm) at zero frequency. 

OVERCURRENT 

A situation where larger than intended electric currents exist in a circuit. 

OVERCURRENT PROTECTION 

The limiting of excessive circuit current by some means. 

OVERVOLTAGE 

A potentially hazardous condition when the voltage in a circuit or part of it is raised 
above the system upper design limit. 

PEAK RIPPLE VOLTAGE 

The absolute value of the maximum difference between the steady state and 
instantaneous voltage. The peak ripple voltage is the sum total peak voltage amplitude 
of a ripple composite, including non-periodic events that can be present on the EPS for 
a fixed bandwidth. 

PEAK-TO-PEAK VOLTAGE 

A voltage measurement of a periodic voltage waveform from the lowest well to the 
highest point (peak). 

POWER QUALITY 

Electrical characteristics that allow the system to function properly without significant 
loss of performance or life. 

PULSED LOADS 

EPCE that operates in a periodic manner with a frequency below 30 Hz. 
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RATED LOAD CURRENT 

The maximum current draw from a load after all start-up or mode change transients 
have settled out. 

RATED POWER 

The nominal output power for EPS branch circuits or power consumption of an EPCE. 

REPRESENTATIVE LOAD 

EPCE that can be either constant power or resistive that stresses the power source to 
verify performance envelope compliance. 

REVERSE CURRENT 

Direct current flowing in the opposite direction from the intended circuit design.  For 
loads, this can be created from the energy discharge of a circuit due to counter 

electromagnetic force due to regenerative loads (such as motor controllers or actuators) 
or under a fault condition upstream of the load power interface. 

RIPPLE VOLTAGE AMPLITUDE 

Ripple voltage is the RMS value of all ac voltage components that are superimposed on 
the steady-state dc voltage. 

RIPPLE VOLTAGE SPECTRUM 

The frequency distribution of ripple voltage components. 

SHORT CIRCUIT 

Abnormal low impedance/resistance connection between nodes of an electrical circuit at 
different voltages. 

SINGLE-POINT GROUND 

Single-Point Ground is a single ground reference to structure. 

STABILITY 

The quality of electrical device operation wherein key characteristics resist deviation 
from intended values under both static and dynamic conditions. 

SURGE CURRENT 

Surge current is defined as a transient, or pulsed, current, due to operation of an EPCE 
that is greater than the average over any interval of time. 

SWITCHGEAR 

The combination of electrical/electronic disconnects or fuses used to operate/isolate 
electrical equipment.  Switchgear can be designed to both operate and protect (clear 
circuit faults) equipment. 

TRANSIENT RESPONSE 

A disturbance in an electrical system brought about by a sudden change of load. 
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TWO-WIRE 

An electrical distribution system using separate supply and return conductors to supply 
electrical power to an EPCE. 

VOLTAGE DROOP 

The reduction in output voltage due to a fault or failure. 

VOLTAGE SPECTRUM 

A graph of individual voltage intensity components plotted against frequency. 
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APPENDIX C   - OPEN WORK 

Table C-1 lists the specific To Be Determined (TBD) items in the document that are not 
yet known. The TBD is inserted as a placeholder wherever the required data is needed 
and is formatted in bold type within brackets. The TBD item is numbered based on the 
section where the first occurrence of the item is located as the first digit and a 
consecutive number as the second digit (i.e., <TBD 4-1> is the first undetermined item 
assigned in Section 4 of the document). As each TBD is solved, the updated text is 
inserted in each place that the TBD appears in the document and the item is removed 
from this table. As new TBD items are assigned, they will be added to this list in 
accordance with the above described numbering scheme. Original TBDs will not be 
renumbered. 

TABLE C-1 TO BE DETERMINED ITEMS 

TBD Section Description 

   

   

   

   

 

Table C-2 lists the specific To Be Resolved (TBR) issues in the document that are not 
yet known. The TBR is inserted as a placeholder wherever the required data is needed 
and is formatted in bold type within brackets. The TBR issue is numbered based on the 
section where the first occurrence of the issue is located as the first digit and a 
consecutive number as the second digit (i.e., <TBR 4-1> is the first unresolved issue 
assigned in Section 4 of the document). As each TBR is resolved, the updated text is 
inserted in each place that the TBR appears in the document and the issue is removed 
from this table. As new TBR issues are assigned, they will be added to this list in 
accordance with the above described numbering scheme. Original TBRs will not be 
renumbered. 

TABLE C-2 TO BE RESOLVED ISSUES 

TBR Section Description 
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APPENDIX D    – SYMBOLS DEFINITION 

N/A 
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APPENDIX E    – TEST METHODS 

E.1 INPUT IMPEDANCE MEASUREMENTS 

EPS source interface is the point where user loads will be connected to the power 
system. The test described in this section is the suggested test setup to measure load 
impedance at the EPS source interface. It is important to understand that the load 
impedance measurement test setup will include a simulated source and the EPCE 
under test. The EPCE input impedance can be measured by injecting an AC signal to 
the system using either of two methods: series voltage injection and parallel current 
injection. 

Generally, the load input impedance is greater than the source output impedance in 
magnitude. The Test Setup for Impedance Measurement Using Series Voltage Injection 
figure shows a typical test setup for series voltage injection method. This method works 
better for measuring load input impedance because most of the injected voltage signal 
is applied to the high impedance in the load side. The figure shows the measurement of 
load impedance at the input terminals of an EPCE. Note: it is recommended to place the 
load on a non-conductive surface when performing this test to avoid effects caused by 
any common mode capacitance within the load. 

Analysis Steps: 

1) Determine the Base DC Input Impedance, Zrated, of the EPCE at the worst case 
operating condition. This condition will normally be operation at minimum input 
voltage and maximum load of the EPCE. Vrated is the rated voltage of the EPCE 
and Irated is the rated steady-state EPCE current. 

i) Zrated = Vrated / Irated = (Vrated)2 / Prated 

2) Obtain Bode Plots for the Magnitude and Phase of the impedance versus 
frequency for each test condition. 

3) Determine per unit Magnitude, Zperunit, by dividing the magnitude values of each 
plot by the value of Zrated obtained in step 1. The resulting plots will represent the 
magnitudes in per unit ohms after converting to dB ohms. 

ii) Zperunit = Zactual / Zrated 

iii) Zperunit dB Ohms = 20 X log (Zperunit) 

NOTE: Note that other equivalent test support equipment can be used for the 
Impedance test. 
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FIGURE 15  TEST SETUP FOR IMPEDANCE MEASURE USING SERIES VOLTAGE 
INJECTION 

Example 1: Example Input Impedance Magnitude of Load figure shows the input 
impedance magnitude of a load which is rated at 177 W. The base impedance, Zrated = 
982 / 177 = 54.26 ohms. The per-unit impedance (Example Zperunit Input Impedance 
Magnitude of Load) on this load is obtained by dividing the actual impedance 
magnitude, Zactual, (Example Input Impedance Magnitude of Load figure) by Zrated and 
converting the results into dB (dB Ohms = 20*log(Zperunit)). Example Zperunit Input 
Impedance Magnitude of Load figure also compares the per-unit input impedance of this 
load to the requirement.  



ISPSIS Draft Release Copy 

February 2018 

Verify this is the current version before use E-3 

 

FIGURE 16  EXAMPLE INPUT IMPEDANCE MAGNITUDE OF LOAD 

 

FIGURE 17  EXAMPLE ZPERUNIT INPUT IMPEDANCE MAGNITUDE OF LOAD 

E.2 LOAD STEADY-STATE , INRUSH, SURGE AND REVERSE CURRENT 

Figure 18 shows a typical test setup for measuring voltage and current at the EPCE 
input terminals.  Other test support equipment can be used.  The power supply output 
ratings must be high enough that the measured surge currents are not limited by its 
output capacity for the load and inrush test.  The power supply for reverse current must 
be output current limiting with adequate capacity to supply steady state load current. 
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FIGURE 18  TYPICAL TEST SETUP FOR INRUSH, SURGE, AND REVERSE CURRENT 
MEASUREMENTS 

NOTE: A stiff power source is required for this test.  Capacitance may be added to 
stabilize the source. 

 

E.2.1  TYPICAL RATED LOAD, INRUSH, OPERATION WITH CURRENT LIMITING 

SWITCHGEAR AND NORMAL REVERSE CURRENT TESTING PROCEDURES 

E.2.1.1  RATED LOAD AND INRUSH CURRENT 

Current limiting devices will not be present in the line between the power supply and the 
EPCE under test. 

a) With relay CR1 open, energize the power supply. 

b) With the DUT configured to draw maximum power, close the CR1 relay to 
energize the DUT, record the inrush current and voltage. 

c) Allow sufficient time for a steady state condition, record the load current. 

d) De-energize the power supply, record the normal reverse current. 

e) Measure and record the current and voltage waveforms. 

 

 

Vdc Power Supply 

 

Current Amplifier 

 

Test Load 

 

Dual Channel Oscilloscope 

CR1 

CR2 
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E.2.1.2  OPERATION WITH CURRENT LIMITING SWITCHGEAR 

a) Replace CR1 with a relevant current limiting device (CR1CL) in the line between 
the power supply and the EPCE under test. 

b) With CR1CL open, energize the power supply. 

c) With the DUT configured to draw maximum power, close the CR1CL to energize the 

DUT, record the inrush current. 

d) Allow sufficient time for a steady state condition, record the rated load current. 

e) De-energize the power supply, record the normal reverse current. 

f) Measure and record the current and voltage waveforms. 

E.2.1.3  REVERSE CURRENT DURING A CIRCUIT FAULT 

It is recommended that CR1 and CR2 be solid state switches with the capability to 
source and sink the required currents. 

a) With relay CR1 open, energize the power supply. 

b) With the DUT configured to draw maximum power, close the CR1 relay to 
energize the DUT and allow the DUT to reach steady state operation. 

c) Open CR1 and Close CR2 – This transition must be within 5 µs. 

d) Measure and record the current and voltage waveforms. 

E.2.2  ANALYSIS 

The inrush and reverse current waveform may be digitized to allow computation of the 
ampere-seconds value by numerical integration.  The resulting input current and voltage 
waveforms, to the EPCE, can be used to validate computer models used in analysis. 

E.3  SOURCE IMPEDANCE MEASUREMENT 

The tests described in this section are suggested test setups to measure EPS source 
impedance. A single test at nominal load may be adequate for passive sources such as 
a battery or fuel cell. Active sources such as DC/DC converters, usually require tests 
over a range of load currents (<10% load to full load). 

Figure 19 illustrates two source impedance test methods. A network analyzer is 
connected to measure the AC components of the source voltage and output current. 
The analyzer output provides a signal to modulate the load current. Either square wave 
or sine wave modulation may be used, depending on the network analyzer used. 

If the audio amplifier and transformer shown in Figure 19(a) are available, the Parallel 
Current Injection method may be used. The amplifier output modulates the load current 
and the voltage and current sensors provide input to the analyzer. 

The setup in Figure 19(b) uses a resistor-transistor combination to provide load current 
modulation. For sine modulation, the analyzer output drives the gate of power FET Q1 
with R1 connected to the source terminal to form a modulated current sink. Optional 
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resistor R2 reduces the voltage and the power dissipation in Q1. For square wave 
modulation, R1 = 0 and Q1 acts as a switch with low power dissipation. R2 Is selected 
to provide the desired level of load modulation. 

Test Steps: 

Configure the network analyzer to calculate Zsource = Vac/Iac, where Vac and Iac are the 
AC components of the measured voltage and current. 

Set the resistive load to the desired value. 

Obtain Bode plots for the magnitude and phase of the impedance versus frequency for 
each load condition. 

    

(a) Parallel Current Injection      (b) Constant Current or Resistive Load Injection  

FIGURE 19  SOURCE IMPEDANCE MEASUREMENT TEST SETUPS 

E.4  LARGE SIGNAL STABILITY 

A typical large signal stability test setup is the Large Signal Stability Test Setup figure. 
The pulse generator/amplifier, with source impedance of less than 0.2 ohms from 100 
Hz to 10 kHz, must provide power to the 2-ohm load of the primary side of the pulse 
transformer. Short-duration power-system transients per [PQSV2005V] should be 
applied. An alternate test set-up can be the same as used for the normal and abnormal 
voltage transient tests. 

SOURCE
RESISTIVE 

LOAD

NETWORK ANALYZER

Ch1          Ch2             Output    

V

V I

R1

R2

Q1
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FIGURE 20  LARGE SIGNAL STABILITY TEST SETUP 

NOTE:   

1. The output of the pulse generator must be applied to the transformer through a 
drive amplifier that has less than 0.2-ohm output (source) impedance from 100 
Hz to 10 kHz. 

2. The drive amplifier should be capable of delivering at least 75 watts into a 4-ohm 
load. 

3. A differential probe is used if the scope is grounded. 

4. Pulse generator, injection transformer and Zener diode may require adjustment 
to generate the test pulses and to protect the EPCE under test. 

5. The power source should be representative of the power environment. 
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APPENDIX F    – GENERAL DISCUSSION 

F.1  POWER QUALITY 

Power quality, as defined, includes ripple voltage, time transient system response, and 
bus voltage operation range.  Nominal dc voltage is generally not considered power 
quality but more of a system definition.  The time varying nature of power quality affects 
this nominal voltage to create the "Steady-state Normal" voltage range used within this 
standard.  EPCE designers must address the ripple voltage effects and contributions 
from the attached loads, load modulations, and radiated susceptibility.  Switching of 
power sources, distribution switchgear, converters, and regulators provide a base 
"source" ripple voltage that is inherent with the power system.  The next source of ripple 
is reflective ripple from the loads themselves back onto the power system.  Load 
modulation ripple due to loads that are modulated or pulsed, repeatedly switched off to 

on, whether by nature or due to external effects, when large enough, can cause voltage 
overshoot and undershoot when operating.  An example of modulated loads can be the 
docking mechanisms used for vehicle docking.  Finally, ripple voltage due to radiated 
susceptibility can be impressed on the power system from a radiated source where the 
influences are dependent on the geometry of the power system. 

To minimize unnecessary designer constraints, the system frequency spectrum was adopted as 

a worst-case design benchmark for ripple voltage. 

F.2  PORTABLE LOADS 

Special considerations are needed by the electric power consumer user when using an 
extension cord and multi-outlet power strips.  The power quality at this interface can be 
adversely affected by misapplication of this requirement.  Loads with high inrush 
current, high peak power to average power ratio, and high current ripple amplitude can 
adversely affect the power quality at this interface by degrading electric power 
characteristics.  Power quality problems are exacerbated when multiple portable loads 
are connected to a single multi-outlet power strip, with loads not coordinated, causing 
voltage sag, current limiting, and voltage dropout, essentially a loss of power quality.  
The total aggregate electrical loading when using a multi-outlet power strip should be 
taken into consideration with respect to the upstream power feed.  Voltage droop, 
voltage dropout, and the normal/abnormal system transients can be associated with this 
interface when loads are misapplied.  The EPCEs connected to this interface need to be 
designed to operate through or not suffer damage or cause an unsafe condition due to 
this abnormal power quality. 

F.3  CAPACITIVE LOADS 

Large capacitive input filters or loads can have a stabilizing effect on the EPS, although 
excessive capacitance can create voltage droop during power-up.  Loads with large 
input capacitance must be coordinated with protective switchgear.  The user must 
ensure that these capacitance limits are not exceeded on a per channel basis. 

F.4  INDUCTIVE LOADS 
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Large inductive loads, such as large solenoids, stepper motors, valves, contactors, etc., 
require voltage transient suppression to control EMC emissions and reverse energy 
requirements.  Large inductive loads when combined with constant power converters 
can cause output tripping when the current demand is not coordinated with the 
protective switchgear. 

F.5  STABILITY CRITERIA – SMALL SIGNAL STABILITY APPROACH 

A typical cause of system instability is negative impedance load.  This negative 
impedance occurs in systems that frequently include constant power loads.  As long as 
a negative impedance load is powered by an ideal voltage source (with very low output 
impedance), the system is stable.  However, in cases in which the load is powered by a 
non-ideal source whose output impedance amplitude is larger than the negative load 
impedance, the whole system may become unstable. 

For checking small-signal system stability, the concept of an impedance criterion was 
adopted by the designers of filter-switching regulators with input filters.  The concept 
was found to be useful in analyzing the stability of distributed power systems at the 
interface between the source subsystem and the load subsystem.  At the system level, 
impedance specifications for each subsystem can be defined based on the 
requirements for system stability.  At the component level, knowledge of the 
Input/Output (I/O) impedance characteristics of a module/subsystem is required to meet 
the specifications for system stability. 

Figure 21 shows a system with source and load Impedances. ZS is the output 
impedance of the source subsystem, ZL is the input impedance of the load subsystem. 

 

FIGURE 21  SERIES INTEGRATION OF TWO SUBSYSTEMS 

When the source is connected to the load, the parallel combination of ZS and ZL is given 
by: 

 

If |ZS| < |ZL| for all frequencies, then the system is stable.  When |ZS| > |ZL|, further 
analysis is needed to determine system stability. The Nyquist criterion can then be 
applied to determine a less conservative criterion that assures system stability. 

According to the Nyquist criterion, small-signal system stability can be determined by 
whether the curve of ZS/ZL circles the (-1,0) in the S-plane as shown in Figure 22. 

SOURCE LOADZS ZL
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A forbidden region on this diagram establishes a system stability margin. 

By keeping ZS/ZL out of the forbidden region as shown in the figure, small signal stability 
can be assured. 

 

FIGURE 22  FORBIDDEN ZONE FOR ZS/ZL 
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PREFACE 

INTERNATIONAL RENDEZVOUS SYSTEM INTEROPERABILITY STANDARDS 

This Rendezvous Standard establishes a standard interface to enable on-orbit crew 
operations, fully automated rendezvous & docking and joint collaborative endeavors 
utilizing different spacecraft.  

Configuration control of this document is the responsibility of the International Space 
Station (ISS) Multilateral Control Board (MCB), which is comprised of the international 
partner members of the ISS. The National Aeronautics and Space Administration 
(NASA) will maintain the Rendezvous Standards under Human Exploration and 
Operations Mission Directorate (HEOMD). Any revisions to this document will be 
approved by the ISS MCB. 
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1.0  INTRODUCTION  

This International Rendezvous System Interoperability Standard is the result of 
collaboration by the International Space Station (ISS) membership to establish 
interoperable interfaces, terminology, techniques, and environments to facilitate 
collaborative endeavors of space exploration in cis-Lunar and deep space 
environments. 

Standards that are established and internationally recognized have been selected 
where possible to enable commercial solutions and a variety of providers.  Increasing 
commonality while decreasing unique configurations has the potential to reduce the 
traditional barriers in space exploration: overall mass and volume required to execute a 
mission.  Standardizing interfaces reduces the scope of the development effort and 
allows more focus on performance instead of form and fit.   

The information within this document represents a set of parameters enveloping a broad 
range of conditions, which if accommodated in the system architecture support greater 
efficiencies, promote cost savings, and increase the probability of mission success.  
These standards are not intended to specify system details needed for implementation 
nor do they dictate design features behind the interface, specific requirements will be 
defined in unique documents. 

1.1  PURPOSE AND SCOPE 

The purpose of the Rendezvous Standards is to provide basic common design 
parameters to allow developers to independently design compatible rendezvous 
operations. Additionally, the purpose of the Rendezvous Standards is to lower 
development cost, decrease operational complexity, and improve safety and mission 
success. By standardizing operational philosophy, phases, terminology and 
instrumentation, the Deep Space Gateway & Transport (DSG&T) will utilize international 
partnerships and cooperation. 

The scope of rendezvous covers the following: 

 Rendezvous: From an initial relative maneuver, up to first mechanical contact. 
This phase begins when the visiting vehicle (an active, or chase vehicle) is 
confirmed to be in an orbit established relative to the target vehicle’s state/orbit. 

o Departure operations are also included within the rendezvous concepts, 
and commence at vehicle separation. 

o The scope will also include nominal and off-nominal scenarios. 

o Rendezvous shall include all operations in close proximity to the target 
vehicle. These include port relocation and fly-around. 

 Docking: Commences at nominal first mechanical contact, up through mating. All 
operations associated with docking are covered in the International Docking 
System Standard (IDSS) Interface Definition Document (IDD). 
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 Berthing: Commences at nominal first mechanical grapple/grasp with robotic 
arm, up through mating. All robotic operations associated with berthing shall be 
covered by robotic operations documentation, starting after grapple. 

This document will cover all aspects of Rendezvous for cis-Lunar spacecraft operations, 
as well as future exploration missions/operations as it applies to DSG&T. 

1.2  RESPONSIBILITY AND CHANGE AUTHORITY 

Any proposed changes to this standard by the participating partners of this agreement 
shall be brought forward to the International Rendezvous System Interoperability 
Standard committee for review. 

Configuration control of this document is the responsibility of the International Space 
Station (ISS) Multilateral Control Board (MCB), which is comprised of the international 

partner members of the ISS. The National Aeronautics and Space Administration 
(NASA) will maintain the International Rendezvous System Interoperability Standards 
under HEOMD Configuration Management. Any revisions to this document will be 
approved by the ISS MCB. 

1.3  PRECEDENCE 

This paragraph describes the hierarchy of document authority and identifies the 
document(s) that take precedence in the event of a conflict between content.  
Applicable documents include requirements that must be met. If a value in an applicable 
document conflicts with a value herein, then the system may need to be able to meet 
both values at different times. 

Reference documents are either published research representing a specific point in 
time, or a document meant to guide work that does not have the full authority of an 
Applicable document. If a value in this document conflicts with a value in a referenced 
document, then it should be assumed that the value here was deliberately changed, 
based on new data or a special constraint for the missions discussed. 
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2.0  DOCUMENTS 

2.1  APPLICABLE DOCUMENTS 

The following documents include specifications, models, standards, guidelines, 
handbooks, and other special publications. Applicable documents are levied by 
programs with authority to control system design or operations.  The documents listed in 
this paragraph are applicable to the extent specified herein. Inclusion of applicable 
documents herein does not in any way supersede the order of precedence identified in 
Section 1.3 of this document. 

IDSS IDD International Docking System Standard (IDSS) Interface 
Definition Document (IDD), Revision E, October 2016 

  

2.2  REFERENCE DOCUMENTS 

The following documents contain supplemental information to guide the user in the 
application of this document.  These reference documents may or may not be 
specifically cited within the text of this document. 

DSG-16-32 Rendezvous and Docking Standards Recommendation, ISS 
Exploration Capabilities Study Team – Rendezvous 
Standards Team, January 2017 

  

SSP 30219 Space Station Reference Coordinate Systems, Rev K, NASA 
International Space Station Program, July 2016 

SSP 50808 ISS to Commercial Orbital Transportation Services (COTS) 
Interface Requirements Document (IRD), Revision F, 
September 2014 

SSP 50235 Interface Definition Document for International Space Station 
Visiting Vehicles, International Space Station Program Office, 
February 2000  

 

IDSS-GUIDE-001 
Revision A 

Navigation and Alignment Aids Concept of Operations and 
Supplemental Design Information   
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3.0    INTERNATIONAL RENDEZVOUS SYSTEM INTEROPERABILITY STANDARDS 

3.1  GENERAL 

The goal of establishing standards and agreeing on other assumptions is to maximize 
the success of future human spaceflight missions conducted as international 
partnerships.  The ability of components, systems, or vehicles delivered from multiple 
sources to work together as an effective system is important to the success of actual 
missions.  Good collaboration can make technology development and system 
maturation more efficient, by sharing the lessons learned and failures that drive 
requirements.  Using standard assumptions can also make development more efficient 
by making tests conducted by one partner relevant and valid to multiple partners. 

This document is focused on issues that drive system performance so much that they 
could rule out some technologies, and on issues that most directly affect interoperability 
between partner systems. 

The following subsections describe the system interfaces for the International 
Rendezvous System Interoperability Standards. 

3.1.1  DESCRIPTION OF RENDEZVOUS 

The following subsections describe the system interfaces for the International 
Rendezvous System Interoperability Standards. 

Rendezvous, regardless of whether it is automated or conducted by crew, is among the 
most challenging operations during a spaceflight mission.  Failure to rendezvous and 
dock has implications for mission success and crew survival.   

To date, only nation states have conducted successful human rendezvous and docking, 
an indication both of the costs and complexity involved. Rendezvous systems have also 
been highly customized and optimized as an integrated system for each mission. 

Examples exist throughout human spaceflight of rendezvous problems, starting in the 
1960s with both Soviet and US programs, and continued through the ISS Program. 

All examples to date have relied on the implementing nation state controlling both sides 
of the interface, namely the passive and active vehicle rendezvous systems. 

In the case of an international standard, each interface must be adequately defined to 
assure full compatibility and cooperation between the rendezvous systems from many 
different providers. 

Terminology has also been traditionally customized to each Program.  This results in 
reduced operational carry over between programs, and lost opportunity.  Even within a 
Program, the terminology can be different from vehicle to vehicle. 

Rendezvous techniques are limited by orbital mechanics and vehicle characteristics, 
however there are still large variations between the techniques across current users. 
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3.1.2  ENGINEERING UNITS OF MEASURE 

All parameters use the metric SI system, with the English units in parentheses provided 
for reference (where/when applicable).  

3.1.3  RENDEZVOUS DEFINITIONS 

The following subsections describe the definitions of the terms to be used in the context 
of spacecraft rendezvous. 

3.1.3.1  PHASES  

Explanation of the different flight phases as part of a standard assures both consistent 
application of terms but also assure common operations for joint missions. The phases 
pair fairly closely with the decision points. Objective is to clarify the high-level phases to 
avoid confusion when discussing these terms. 

 Launch and Insertion – This phase begins at ignition for launch and ends when 
the Visiting Vehicle (VV), also referred to as the chaser, is confirmed to be ready 
for trans lunar/mars injection burn (TLI/TMI).   The goal of this phase is to deliver 
the VV into a TLI/TMI point.  During this phase, the VV control teams typically 
operate independently with some basic planning and data coordination being 
performed with the Deep Space Gateway (DSG) control team (e.g. state vector 
and maneuver plan exchange, communication coverage planning, timeline 
planning.) 

 Transfer – This phase begins when the VV is confirmed to be ready for TLI/TMI 
and ends when it is confirmed to be in an orbit established in cis-lunar space.  
The goal of this phase is to move the VV from Earth orbit to the DSG orbit or 
from the DSG orbit to Earth orbit.  During this phase, the VV control team 
typically operates independently with some basic planning and data coordination 
being performed with the DSG control team (e.g. state vector and maneuver plan 
exchange, communication coverage planning, timeline planning.)  For transit to 
the DSG orbit, the DSG and VV control teams will begin integrated operations 
toward the end of this phase to support the “GO for Rendezvous Orbit Entry” 
decision.  

 Rendezvous – This phase begins when the VV is confirmed to be in an orbit 
established in cis-lunar space relative to the DSG (also referred to as the target) 
and ends at docking/berthing start. 

o Far Rendezvous – This phase brings the VV closer to the DSG, while still 

protecting the ability to passively abort the approach on a trajectory that is 
operationally safe. Space-to-space communications has been confirmed 
and that the VV has transitioned to relative navigation. The decision to 
NO-GO the Approach Initiation (AI) burn will lead to considering either VV 
disposal, VV return to Earth, or VV re-rendezvous. 

o Close Rendezvous – Includes the operations within the approach sphere:  
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 Approach - During this phase the VV transitions to the approach 
axis while staying outside the Keep-Out Sphere (KOS).  Once the 
VV has reached the approach axis it then enters the KOS while 
staying within the pre-analyzed approach corridor.  

 Fly-around – Consists of a VV maneuver during approach or 
departure in which the VV transitions to another approach axis, or 
circumnavigates the DSG and returns to an approach axis.  

 Departure - For release and departure, the phase commences upon physical 
separation, either docking mechanism push-off or grapple release, from the 
DSG. This phase is complete when the VV is confirmed to be departing the DSG 
on a trajectory that is operationally safe and the VV is outside the Approach 
Sphere (AS). 

 Proximity Operations (Prox Ops) – This phase encompasses multiple phases 
defined above: approach, fly-around, and undocking and departure. This is used 
extensively within the NASA ISS community to cover all maneuvers performed 
within the approach ellipsoid (AE). 

 Docking– Defined as the docking mechanism contact, capture and hard-mate. 
After first contact, rendezvous phase is complete. This phase is owned by the 
docking mechanism. 

 Berthing Capture - Defined as the physical robotic capture of the visiting 
vehicle. Rendezvous phase is completed at first contact. This phase is owned by 
the robotics operations. 

 Undocking – Defined as the physical separation of the two vehicles. 

 Release – Defined as the physical release by the robotic arm of the visiting 
vehicle. 

 Retreat – Defined as the VV increasing its relative range with respect to the 
DSG, aiming at a predefined hold point. 

 Hold – In this phase, the VV maintains its relative position with respect to the 
DSG such that it neither approaches nor retreats from the DSG. 

 Free Drift – In this phase the DSG’s and the visiting vehicle’s translational and 
rotational control are inhibited. This phase is initiated at first contact for docking, 
or at VV command for berthing. 

 Abort – This phase is initiated automatically or by crew (chaser or target) for the 
VV to perform a separation sequence (thruster firing), which places VV on a safe 
trajectory departing from DSG. 

3.1.3.2  OPERATIONAL REGIONS AND ZONES 

The VV shall not enter the following regions prior to a predefined maneuver that 
takes the VV inside those regions. To manage the risk associated with rendezvous 
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operations, four regions have been defined. These regions are used as references 
to determine when critical events will occur. The regions are as follows: 

1. Rendezvous Sphere (RS) – The RS is a 10 km (TBC 3-1) radius sphere around 
the DSG center of mass and is used to govern the Rendezvous Orbit Entry 
(ROE) decision.  A shape larger than the AS is needed to balance the risk 
associated with the large dispersions expected from the ROE burn. 

2. Approach Sphere (AS) – The AS is a 2 km (TBC 3-2) radius sphere centered at 
the DSG center of mass. 

3. Keep-out Sphere (KOS) – The KOS is 200 m (TBC 3-3) radius sphere centered 
at the DSG center of mass.   

4. Approach/Departure Corridors – The Approach and Departure corridors are 
±10° (TBC 3-4) centered to the docking port axis within the KOS. 

Rationale: 

For the DSG, safety regions will be defined based on relative dynamics, configuration of 

the DSG, and navigation accuracy (both DSG and VV). Safety regions are critical to 
contributing to mission safety and success, and have an impact of expected 
performance of GN&C. 

 

 

FIGURE 3-1 NOTIONAL CONCEPT OF ZONES AND CORRIDORS 

3.1.3.3  INTEGRATED OPERATIONS 

Integrated Operations refers to the mode of authority structure used by the operations 
team, in which all commanding is approved through the Lead Control Center. Integrated 
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Operations begin before the VV is on a trajectory that will enter the AS, and terminate 
when the VV is outside the AS and confirmed to be on a safe free drift trajectory.  

3.1.3.4  DECISION POINTS 

To execute a VV mission to or from the DSG, there will be a series of decisions, that 
start with the mission management team and then will be handed off to the operations 
team and the visiting vehicle. Time delay considerations need to be accounted for in the 
decision process. The VV shall implement the following decision points during RPOD: 

1. Element Readiness (Program Level Decision) 

2. GO for Rendezvous Orbit Entry (Operations Team Decision) – The VV shall 
transition to an orbit established in cis-lunar space before beginning the 
rendezvous operation. “Go” enables VV to continue operations into the 
Rendezvous Sphere (RS). 

3. GO for Approach Initiation (Operations Team Decision) – The Approach 
Initiation (AI) burn is the first burn that is allowed to target into the Approach 
Sphere (AS). 

4. GO for Final Approach (Operations Team Decision) – This decision allows the 
vehicle to proceed inside the Keep-out Sphere (KOS), but requires that the 
vehicle stay within a predefined approach corridor. 

5. GO for Docking/Capture (Operations Team Decision) – This is the final decision 
to allow the vehicles to have contact.  For cis-Martian operations this decision 
may ultimately be combined with the GO for Final Approach (to accommodate 
communication delay if decision is Earth/LCC based). 

6. GO for Undock/Release (Operations Team Decision) – This decision will result 
in the VV returning to free flight.  

7. GO for Return to Deep Space Gateway (Mission Management Decision) – This 
decision implies that the vehicle has implemented a hold point or abort compliant 
with the KOS/AS/RS constraints. Returning to DSG shall be compliant with 
nominal approach constraints, as defined above. 

3.1.3.5  CHECK POINT 

The VV approach trajectory shall include predefined decision points where the VV will 
not proceed on the approach if it has not received “GO” command from the associated 
ground operator, DSG crew or the VV crew. The rules of what should be considered in 
the check point design shall be standardized. The VV may have additional non-
mandatory checkpoints, where an approaching or separating vehicle may perform 
additional actions such as station-keeping, wait for additional “go/no-go” decisions, or 
perform trouble-shooting in contingency situations. 

Note: 

 Decision points and check points are vehicle specific, defined by trajectory 
design and VV’s performance. 
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 Decision points are mandated by DSG operation, and check points may be 
added at the discretion of each VV. Decision Points are common across all 
participants. 

 Check points may be added at the discretion of each VV. 

Rationale: 

In order not to limit the development of each VV, design of check points should not be 
standardized as is the case of ISS rendezvous. However, the guidelines for designing 
check points should be standardized to increase the mission safety. 

3.2  INTERFACES 

Unless otherwise stated, the features called out in this section and its subsections shall 

be implemented on International Rendezvous System Interoperability Standards 
systems; these are requirements which must be met to ensure International 
Rendezvous System Interoperability Standards compatibility between systems of 
different origin. Each requirement is specified only once with its required value and 
tolerance (if applicable). 

3.2.1  OPERATIONAL PRINCIPLES/PROCEDURES 

3.2.1.1  TIME INFORMATION 

A synchronized, unified time information shall be maintained by all vehicles in the Deep 
Space Gateway (DSG) architecture, including visiting vehicles. The DSG maintains the 
orbit master clock with the Ground master clock providing synchronization pulse, and 
the synchronization pulse is also received by the Visiting Vehicle (VV). Once vehicles 
are within inter-vehicle communication range, the times are exchanged and the offsets 
are computed. The notional concept is depicted in Figure 1. It is anticipated that this 
synchronization is worked between Communications and Tracking, Avionics and 
Rendezvous through the Systems Engineering and Integration to ensure proper time 
synch across the whole system. 
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FIGURE 1 PROPOSED TIME DISTRIBUTION ARCHITECTURE 

3.2.1.2  COORDINATE SYSTEMS 

Coordinate systems are required to convey spacecraft location and properly exchange 
information. 

3.2.1.2.1  CELESTIAL COORDINATE SYSTEMS 

Inertial reference frames are required to understand the location and pointing of each 
spacecraft, in absolute and relative states.  This Standard will utilize the International 
Celestial Reference Frame (ICRF), which is in itself a recognized international standard, 
and maintained by the International Earth Rotation and Reference Systems service.  

International Celestial Reference System (ICRS): This system is intended to serve as 
the inertial reference system and its location is determined with respect to hundreds of 
celestial quasar sources. 

- Origin: The origin is at the barycenter of the solar system centered at the Sun. 

- X-axis: To the vernal equinox in the Earth-Sun equatorial plane 

- Y-axis: In the Earth-Sun equatorial plane completed by Y = Z x X 

- Z-axis: Points to the celestial North Pole as defined from Earth. 
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Earth Centered Inertial Frame (J2000): This frame is practically aligned with the ICRS 
with axis deviation in the range of 5.1 milli arc second. 

- Origin: Earth’s center 

- X-axis: Pointing to the vernal equinox 

- Y-axis: In the Earth-Sun equatorial plane completed by Y = Z x X 

- Z-axis: Points to the celestial north pole as defined from Earth. 

Lunar Centered Inertial Frame (LCI): This frame is inertial with the X and Y axes in the 
Moon orbital plane around the Earth. This plane is different from the equatorial one as it 
has an inclination of about 5 deg with respect to the ecliptic plane and the Earth has 
23.5 deg with respect to the ecliptic plane, leading to a difference of 17.5 deg with 

respect to the equatorial plane. The frame is obtained by rotation of the J2000 inertial 
frame. 

- Origin: Center of the Moon 

- X-axis: At the ascending node of the lunar orbital plane to the equatorial plane 
measured from the vernal equinox (J2000 X-axis) 

- Y-axis: In the Moon orbital plane completed by Y = Z x X 

- Z-axis: Normal to the lunar orbital plane and rotating the J2000 Z-axis by 17.5 
deg around the X-axis. 

Synodic Rotating Frame (SRF): This is a rotating frame located along the Earth-Moon 
line. It is used for reference and definition of other frames. (This is also known as the 
EM-ROT frame) 

- Origin: At the Cis-Lunar Lagrange point L2   

- X-axis: Along the Earth-Moon line pointing from the Earth to the Moon 

- Y-axis: In the Moon orbital plane completed by Y = Z x X 

- Z-axis: Normal to the lunar orbital plane in the celestial north direction 

Local Vertical Local Horizontal (LVLH) [TBR 3-1]: This is the primary frame used to 
represent all the relative motion dynamics and kinematics. It will be the same frame 
used for the Rendezvous and Docking. The definition will be valid for Near Rectilinear 
Halo Orbits (NRHO) whose instantaneous orbital plane can be defined with respect to 
the SRF.. 

- Origin: At the center of mass of the target spacecraft (DSG) 

- X-axis: X = Y x Z which is in the direction of the DSG velocity vector  

- Y-axis: Normal to the instantaneous orbital plane and in the opposite direction of 
the orbital momentum vector 

- Z-axis: From the DSG COM to the Moon COM.  
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Orbital Frame (ORB): This frame is mostly used to define the position of the spacecraft 
on the respective orbits. 

- Origin: The orbital focal point, Moon or Lagrange 

- X-axis: From the focal point in the orbital plane to the location of the spacecraft, 
measured at an angle from the ascending node. 

- Y-axis: Completed by Y = Z x X 

- Z-axis: Same as the Z-axis of the LCI frame. 

3.2.1.2.2  VEHICLE COORDINATE SYSTEMS 

Spacecraft based coordinate systems shall include structural, body, docking, and 
grapple fixtures (if applicable) at a minimum. Corridors and keep out zones are tied to 
vehicle reference frames. 

Geometrically Fixed Frame (GFF) [TBR 3-2]: This frame is used to specify the 
location of equipment on the spacecraft and serves as the main mechanical reference. I 

- Origin:  Located at the intersection of the longitudinal axis of the spacecraft with 
the docking port contact flange plane. 

- X-axis:  Parallel to the longitudinal axes of the spacecraft and forward pointing 
from the docking port. 

- Y-axis:  Parallel to a line orthogonal to the longitudinal axis and going through the 
point between the 2 SADMs on port side 

- Z-axis: Z = X x Y 

Spacecraft Body Frame: Used for the dynamics and kinematics of the spacecraft. 

- Origin: Spacecraft COM 

- X-axis: Parallel to the GFFx 

- Y-axis: Parallel to the GFFy 

- Z-axis: Parallel to the GFFz 

Metrology Frame: This is the sensor frame in which the range and Line Of Sight (LOS) 
is measured. The frame is ideally parallel to the GFF, but might have a rotation matrix to 
account for if the sensor is canted with respect to the docking axis. 

- Origin: The origin is specified in the GFF and located likely at the center of the 
sensing chip. 

- X-axis: Ideally parallel to the GFFx 

- Y-axis: Ideally parallel to the GFFy 

- Z-axis: Ideally parallel to the GFFz 
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Chaser Docking Frame (DC) [TBR 3-3]: This frame specifies chaser spacecraft’s 
docking port frame with respect to its body frame. For the final approach in 6-DOF, this 
is the frame around which the GNC will be controlling and not the body frame. 

- Origin: It has its origin at the same location as the GFF frame. 

- X-axis: Parallel to the GFFx  

- Y-axis: Parallel to the GFFy 

- Z-axis: Parallel to the GFFz 

3.2.1.2.3  DSG COORDINATE SYSTEMS 

Geometrically Fixed Frame (GFF) [TBR 3-2]: This frame is used to specify the 
location of equipment on the spacecraft and serves as the main mechanical reference. 
It is also known as body-fixed frame (index zero) 

- Origin:  Located at the intersection of the longitudinal axis of the pressurized 
elements and the docking plane between the power and propulsion element and 
the 1st pressurized element launched. 

- X-axis: Parallel to the longitudinal axis of the pressurized element positive 
towards the opposite docking port from the power/prop bus  

- Y-axis:  Parallel to the center line normal vector of the radial port on starboard 
side. 

- Z-axis: Z = X x Y 

DSG Body Frame [TBR 3-4]: Used for the dynamics and kinematics of the spacecraft 
including its attitude with respect to the LVLH frame. 

- Origin: Spacecraft COM 

- X-axis: Parallel to the GFFx 

- Y-axis: Parallel to the GFFy 

- Z-axis: Parallel to the GFFz 

Target Docking Frame Longitudinal (DT) [TBR 3-5]: This frame will describe the 
target spacecraft’s port location and its attitude with respect to the LVLH needed for 
docking port to port. 

- Origin: Located at the intersection of the longitudinal axis of the pressurized 
elements and the docking plane of the port opposite the one towards the 
power/prop bus. 

- X-axis: Parallel to the GFFx but in the opposite direction. This in order to have the 
target and chaser docking ports parallel ideally and only an X-axis shift when in 
docked position. 

- Y-axis: Parallel to the GFFy 
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- Z-axis: Parallel to the GFFz 

Target Docking Frame Radial (DT) [TBR 3-5]: This frame will describe the target 
spacecraft’s port location and its attitude with respect to the LVLH needed for docking 
port to port. 

- Origin: Located at the geometrical center of the docking port opening and in the 
docking port plane. 

- X-axis: Orthogonal to the GFFx and pointing towards the longitudinal axis. This in 
order to have the target and chaser docking ports parallel ideally and only an X-
axis shift when in docked position. 

- Y-axis: Parallel to the GFFy 

- Z-axis: Parallel to the GFFz 

3.2.1.3  SAFETY GUIDELINES 

Standard safety guidelines shall be defined. The Rendezvous Standards team specifies 
that the VVs shall have the following capabilities and/or data: 

 Systems are 1-fail operative, 2-fail safe  

 Independent and dissimilar sensor cross-check (utilizing the DSG based data) 

o Range and range-rate data 

o For docking, 6-DOF prior to and during docking (within approach corridor) 

o For automated berthing/capture, 6-DOF prior to and in the berthing box 

 Crew monitoring (telemetry, audio and video) 

3.2.2  TRAJECTORY SAFETY 

3.2.2.1  APPROACH SPHERE (AS) 

See definition in section 3.1.3.2  . 

Prior to the VV’s approach initiation (AI) maneuver, all VV coast trajectories shall not 
intercept the AS for a minimum of 24 hours (TBC 3-5). 

3.2.2.2  KEEP OUT SPHERE (KOS) 

See definition in section 3.1.3.2  . 

The KOS shall only be entered via the approach corridor after authority to proceed 
(ATP) has been granted. Fly-around inside KOS shall be along a pre-defined corridor 
(that has been analyzed and authorized). 
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3.2.2.3  ABORT 

The VV shall execute abort commands issued automatically by its onboard systems, 
initiated by the onboard crew, or by external commands that places the VV on a 24-hour 
safe free drift trajectory (TBC 3-6). 

Note: 

 In ISS Rendezvous, passive abort (PA) and Collision Avoidance Maneuver 
(CAM) are defined. The VV must be able to execute a Collision Avoidance 
Maneuver (CAM) at all times for all mission phases. During a CAM, the vehicle 
must stop closing (decreasing relative range) and then establish an opening rate 
(increase relative range). For ISS rendezvous, a CAM must put the vehicle on a 
24-hour safe free drift trajectory. The safe free-drift trajectory duration for cis-
lunar operations needs to be defined based on vehicle kinematics/dynamics. 

 It should be considered to have a CAM capability issued from the DSG to the VV 
(in particular when supporting rendezvous operations with a small robotic 
element such as the lunar ascent stage) to ensure DSG safety.  

Rationale: 

In order to ensure the DSG safety, automatic abort functions would be necessary as is 

the case in ISS rendezvous. Standard rules for abort operations would increase mission 
safety. 

3.2.2.4  CORRIDORS 

Several “corridors” are defined for ISS visiting vehicles. The DSG shall have corridors, 
which will be used in cis-lunar rendezvous. 

3.2.2.4.1  APPROACH CORRIDOR 

See definition in section 3.1.3.2  . 

The VV’s approach to the DSG within the KOS shall be within a predefined corridor, 
standardized for all Visiting Vehicles. Corridor sizing and definition shall follow 
guidelines, utilizing information such as docking contact conditions (IDSS 
requirements), velocity profile, vehicle dynamics, vehicle keep out zones, structural 
clearance, etc. Approach corridors shall be defined that apply to all incoming vehicles to 
minimize multiple corridor definitions. 

3.2.2.4.2  DEPARTURE CORRIDOR 

See definition in section 3.1.3.2  . 

The VV shall depart from the DSG within the predefined corridor specified for each VV. 
The rules of what should be considered in the corridor sizing shall be standardized. 
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Rationale: 

 In ISS rendezvous, all VVs are required to depart from the ISS within the 
predefined corridor, which is defined mainly by the monitoring capability of the 
ISS and the VV’s performance. 

3.2.2.4.3  RELOCATION CORRIDOR 

The VV shall perform port relocation in predefined corridor with respect to the DSG. The 
relocation corridor is a combination of approach corridor, departure corridor and a fly-
around corridor inside the KOS. Exact sizing should take into account DSG elements 
(module size/shape, and articulating appendages such as solar arrays and 
communications antennas) and VV sizing and dynamics. 

Note: 

 An example of ISS port relocation is shown below. The Russian port relocation 
corridor is within the ISS keep out sphere (KOS). 

 

FIGURE 3-2 ISS RUSSIAN VEHICLE RELOCATION CORRIDOR 

 
Rationale: 

Configuration of the relocation corridor(s) should be standardized to ensure DSG safety. 
These will be a function of appropriate orbit(s) and vehicle dynamics. 

3.2.2.4.4  ABORT CORRIDOR 

The following subsections describe the various abort corridors that should be utilized. 
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3.2.2.4.4.1  AUTOMATIC ABORT CORRIDOR (AAC) 

When VV flies in automated mode, the VV shall monitor the predefined “Automatic 
Abort Corridor” and perform an abort automatically if it senses a corridor violation. The 
upper limit of the AAC shall be ±7.5° (TBC 3-7). 

3.2.2.4.4.2  MANUAL ABORT CORRIDOR (MAC) 

The VV crew, DSG crew (or ground operator) shall monitor a predefined “Manual Abort 
Corridor” and execute an abort command to the VV if they sense the violation of manual 
abort corridor. The size of MAC must be larger than the AAC, plus monitoring errors 
(camera pointing errors, attitude errors, etc.), yet smaller than the monitoring capability 
(i.e. smaller than the camera Field-of-Views (FOV)). The MAC shall be ±10° (TBC 3-8). 

 

FIGURE 2 ABORT CORRIDOR DEFINITIONS 

3.2.2.5  MATING ENVELOPES 

3.2.2.5.1  DOCKING ENVELOPE 

Refer to the IDSS IDD, table 3.3.1.1-2, Initial Contact Conditions. The docking envelope 
is comprised of closing rate, lateral rate, pitch/yaw rate, roll rate, lateral misalignment, 
pitch/yaw misalignment and roll misalignment. 
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3.2.2.5.2  CAPTURE VOLUME 

Capture volume shall be standardized and should be covered in the International 
External Robotic Interfaces Standard (IERIS). 

3.2.2.5.3  DEPARTURE/RELEASE POINT 

Departure/release point shall be standardized and should be covered in the IERIS. 

3.2.2.6  SAFETY CLEARANCE 

3.2.2.6.1  STRUCTURAL CLEARANCE 

A standard structural safety clearance shall be defined specific to the particular docking 
port. 

Note: 

 Structural Safety clearance will be defined based on the DSG’s configuration, 
docking mechanisms and attachment points. 

Rationale: 

For collision avoidance, minimum clearance between the structure of the VV and the 
DSG should be defined. 

Structural safety clearance has an impact on the VV’s design. Agreeing on them early 
on, contributes to reducing the development cost of the VV. 

3.2.2.6.2  PLUME IMPINGEMENT AND CONTAMINATION 

Plume impingement and contamination joint analysis process shall be standardized, but 
should be done so at System Engineering and Integration level, not at the Rendezvous 
Standards level. The plume impingement/contamination requires exchange of vehicle 
requirements, thruster models and capabilities during the project design, and are used 
to perform cyclical analyses, that enable design modifications to minimize impacts to the 
DSG. Listed below are the necessary data products and analyses that will determine 
the impacts to the DSG and VV trajectory. 

1. Data: VV thruster plume model, thruster locations and orientations 

2. Trajectory: VV relative trajectory (Monte Carlo analysis) that includes jet firing 
histories (jets fired, pulse-width, etc.). Each corridor (docking port) shall be 
analyzed. Contingency cases shall also be included (thruster failures, sensor 
failures, capture failures, etc.). 

3. Analyses: The trajectories with plume models are analyzed to determine the 
impacts on DSG. 

a. Objective is to determine if the loads (force and torques on the appendages, 
and thermal loads) are within acceptable loads on DSG (articulating elements 
such as solar arrays). If loads unacceptable, provide feedback to trajectory 
design for changes and repeat the cycle (steps 2 & 3). 
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b. Erosion and contamination effects are analyzed for undue harm/stress to the 
DSG. 

Rationale: 

Since plume impingement from the VV may impact the trajectory of the DSG, pressure 
and thermal input due to plume impingement should be restricted to the acceptable 
amount. Need to include impacts of DSG onto VV. 

3.2.2.7  SECONDARY STATE DETERMINATION 

Assessment of relative navigation correctness shall be performed, based on at least two 
independent and dissimilar sources of navigation data. Dissimilar, secondary state 
determination shall be implemented in addition to the visiting vehicle’s vehicle main 
navigation loop. 

Secondary navigation data shall be used for safety assessment.  

Secondary navigation data can be used for main data navigation verification. 

Secondary state navigation can be used as navigation to perform automated 
rendezvous. In this case, source of navigation data shall be redundant. 

The source of secondary state navigation data shall be located on DSG; however, 
secondary state can be hosted on the visiting vehicle. 

Secondary state navigation data shall be accessible in the place of use. 

Secondary state navigation data shall be determined at hold/check/decision points and 
during safety critical phases. 

Secondary state navigation shall determine relative range, range rate and VV position in 
approach corridor during final approach. 

Secondary state navigation shall determine full 6DOF relative state during the last stage 
of final approach from 20 m (TBC 3-9) to docking or autonomous capture. 

Secondary state navigation data delay and frequency shall allow fulfilling safety 
requirements. Data shall be time tagged. 

Rationale: 

Safe joint operations require that all incoming vehicles compute and transmit a 
secondary, dissimilar range and range-rate data. This data is used by crew (VV and 
DSG where applicable) to evaluate the VV’s navigation performance. Maintaining a 
secondary system on VV can impact vehicle design. 

3.2.3  INTER-VEHICLE TELEMETRY 

3.2.3.1  STANDARD TELEMETRY OVERVIEW 

Telemetry data provided to/from the DSG and from/to the VV shall contain the data 
specified in the standard telemetry list, described in 3.2.3.3 STANDARD TELEMETRY 
CONTENT. Standard telemetry data shall be expressed in the common units and 
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representations, and measurement shall have a standard definition of where/how it was 
measured. (i.e. from what point to what point the measurement should be made, or, 
from what frame to what frame the attitude should be represented). Also, the definition 
of vehicle status in the standard telemetry, such as the VV’s flight mode (approach, 
retreat, hold, depart, etc.) shall be standardized, and in line with the DSG definitions. 

Note that, since some parts of the data will be vehicle-specific, inter-vehicle telemetry 
should have some undesignated allocations for vehicle-specific data. 

Rationale: 

Standard telemetry list will help crew-display development, reduce crew workload 
including training, and increase efficiency. 

Standardization of systems and representations in which the telemetry data described 

would reduce complexity for both crews and flight software. It would contribute to not 
only promoting interoperability but also increasing mission safety and cost reduction. 

3.2.3.2  STANDARD TELEMETRY FORMAT 

The standard telemetry data shall be transmitted in compliance with the “DSG 
communication standard”. 

3.2.3.3  STANDARD TELEMETRY CONTENT 

This following subsections describe the standard telemetry data, which shall be shared 
between the DSG and VV during RPOD and transmitted between the vehicles: VV to 
DSG and DSG to VV. 

3.2.3.3.1  TIME 

This is the time stamp indicating the time when the data is obtained, not when it is 
transmitted. The VVs and the DSG shall utilize a unified synchronized reference time in 
UTC with Modified Julian Date format, as stated in section 3.2.1.1. 

Time information shall be provided for each data included in the standard telemetry, 
since the obtained time of individual data may differ and shall be expressed in common 
time reference or, if not, the additional clock drift information shall be provided. 

Rationale: 

Any information sent should have a timestamp included for time synchronization, 
relative navigation and situational awareness. 

3.2.3.3.2  DATA VALIDITY (TBC 3-10) 

This is a validity flag indicating whether each transmitted data is valid or not. 

Data validity shall be individually provided for each data included in the standard 
telemetry. 
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Rationale: Need to have mechanism in place to ensure that the sender and receiver 
properly process data and identify whether it is valid or invalid. This could be with a data 
validity flag, times stamps, or omitting sending invalid data (don’t send bad data). 

3.2.3.3.3  ABSOLUTE NAVIGATION DATA 

This is absolute position, velocity, attitude, and angular rate of the host vehicle (the 
vehicle transmitting the data: the VV or the DSG) measured by ground operation or 
onboard measurement. 

The reference point of position and velocity measurements shall be vehicle’s estimated 
COM and expressed in ICRF inertial frame. The attitude shall be expressed as a 
quaternion representing the rotation of vehicle’s body frame with respect to ICRF inertial 
frame. Quaternion shall be defined as having the scalar term in the first element. The 
angular rate shall be expressed in the vehicle’s body frame. 

Rationale: 

The VV can use this data as an option for the DSG state knowledge when the Space-to-
ground link is lost. 

The DSG can use this data as an option for VV state knowledge when the proximity 
communication is established. 

The DSG can use this information for confirmation of the VV’s expected state by 
comparing it with the relative navigation data provided from the VV. 

3.2.3.3.4  RELATIVE NAVIGATION DATA (VV TO DSG) 

This is relative position, velocity, attitude, and angular rate of the VV with respect to the 
DSG, based on the navigation sensor(s) and the estimation filters onboard the VV. If the 
VV estimates a secondary solution, it shall also be transmitted to the DSG, in the same 
manner/form as the primary relative navigation solution. 

Regarding relative position and velocity, the following two data sets with different 
reference points shall be transmitted, when available: 

- Relative position/velocity between the COMs of the VV and the DSG expressed in 
the DSG-centered LVLH frame. 

- Relative position/velocity between mechanical interface points expressed in the 
DSG docking/berthing frame. Mechanical interface points will be as follows: 

 (for docking) the origins of the docking mechanism’s Soft Capture System 
onboard the vehicles. 

 (for berthing) the capture point and the origin of the grapple fixture 
onboard the VV. 

When required during docking and berthing operations, relative attitude shall be 
transmitted as a quaternion representing the rotation of the VV docking frame with 
respect to the DSG docking frame. Relative angular rate shall be expressed as the 
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rotation rate of each axis of the VV docking frame with respect to each axis of the DSG 
docking frame. 

Rationale: 

The relative navigation data from the VV will be used by the DSG crew for monitoring, to 
cross check the DSG’s own relative navigation data, as well as used to trigger a CAM if 
needed.  

3.2.3.3.5  RELATIVE NAVIGATION DATA (DSG TO VV) 

This is relative position, velocity, attitude, and angular rate of the VV with respect to the 
DSG, based on the navigation sensor(s) and the estimation filters onboard the DSG. 

When available, the range and range-rate shall be transmitted from the DSG to the VV. 

Regarding relative position and velocity, the following two data sets with different 
reference points shall be transmitted, when available: 

- Relative position/velocity between the COMs of the VV and the DSG expressed in 
the DSG-centered LVLH frame. 

- Relative position/velocity between mechanical interface points expressed in the 
DSG docking/berthing frame. Mechanical interface points will be as follows: 

 (for docking) the origins of the docking mechanism’s Soft Capture System 
onboard the vehicles. 

 (for berthing) the capture point and the origin of the grapple fixture 
onboard the VV. 

When required during docking and berthing operations, relative attitude shall be 
transmitted as a quaternion representing the rotation of the VV docking frame with 
respect to the DSG docking frame. Relative angular rate shall be expressed as the 
rotation rate of each axis of the VV docking frame with respect to each axis of the DSG 
docking frame. 

Rationale: 

The relative navigation data from the DSG will be used by the VV crew for monitoring 
and to cross check the VV’s own relative navigation data. The data can be used as 
redundant data for the VV’s own GNC navigation. 

3.2.3.3.6  VV FLIGHT MODE 

The flight mode information of the VV shall be transmitted from the VV to the DSG. The 
vehicle flight mode should be in line with the phases defined in section 3.1.3.1  . 

Rationale: 

VV’s flight mode will be provided to the DSG and used for monitoring and go/no-go 
decisions. 
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In order to avoid confusion and misunderstanding, definition of the VV flight mode 
provided to the DSG will be standardized. 

3.2.3.3.7  VEHICLE STATUS 

This is critical health and status information on the host vehicle.  

The DSG status information transmitted from the DSG to the VV shall be as follows: 

Data Description State 

Control mode, DSG Health (TBD 3-1) 

DSG from/to Ground Comm status 

DSG Carrier Lock status 

DSG Bit lock status 

DSG RX Power level 

DSG TX ON/OFF 

DSG TX Power level 

 

LOCK/UNLOCK 

LOCK/UNLOCK 

** dB 

ON/OFF 

** dB 

DSG from/to VV Comm status 

DSG Carrier Lock status 

DSG Bit lock status 

DSG RX Power level 

DSG TX ON/OFF 

DSG TX Power level 

 

LOCK/UNLOCK 

LOCK/UNLOCK 

** dB 

ON/OFF 

** dB 

Error Status 

(ex. Caution and Warning Message) 

None/Error code 

(* OR, standard status flag 
indicating the criticality of the 
error) 

Status of docking mechanism (* Refer to IDSS IDD) 

Relative Navigation Source Status Status SENSORS 

Filter status  

  

 

The VV status information transmitted from the VV to the DSG shall be as follows: 
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Data Description State 

Abort delta-V Abort delta-V vector in DSG-
centered LVLH 

(* Zero vector means passive 
abort) 

VV from/to Ground Comm status 

VV Carrier Lock status 

VV Bit lock status 

VV RX Power level 

VV TX ON/OFF 

VV TX Power level 

 

LOCK/UNLOCK 

LOCK/UNLOCK 

** dB 

ON/OFF 

** dB 

VV from/to DSG Comm status 

VV Carrier Lock status 

VV Bit lock status 

VV RX Power level 

VV TX ON/OFF 

VV TX Power level 

 

LOCK/UNLOCK 

LOCK/UNLOCK 

** dB 

ON/OFF 

** dB 

Error status None/Error code 

(* OR, standard status flag 
indicating the criticality of the 
error) 

Maneuver Countdown Timer ±** seconds 

Next maneuver delta-V Delta-v vector in DSG-centered 
LVLH 

Status of docking mechanism (* Refer to IDSS IDD) 

Primary Relative Navigation Source Status SENSORS 

Filter status  

Secondary Relative Navigation Source Status SENSORS 

Filter status  
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Rationale: 

This information is important for the VV crew to know if the DSG is ready or not for 
approach and docking, and vice versa (if applicable to manned DSG). 

This information would be used for trouble shooting to understand the state of the 
vehicle when the ground communication of the vehicle is interrupted. 

3.2.4  INTER-VEHICLE COMMUNICATION INTERFACE 

The inter-vehicle (vehicle to vehicle) communication interface during rendezvous shall 
be standardized. This standard is owned by the C&T standard team. 

Note: 

 RF interface in physical layer, such as frequency, modulation, coding/decoding, 
data rate, power, and polarization, and data interface in logical layer, such as 
packet format, encryption and authentication, are subject to standardization. 

 Antenna coverage of the DSG needs to support approaches to all possible 
docking ports. 

Rationale: 

Standardization of inter-vehicle communication interface would contribute to promote 
interoperability and reduce complexity in the DSG system, resulting in total cost 

reduction as well. Additionally, standard communication interfaces will be necessary to 
enable remote piloting. 

3.2.5  CREW CAPABILITY 

Crew functions during rendezvous are crew monitoring and crew commanding. These 
crew capabilities shall be implemented and utilized either on visiting vehicle and/or on 
DSG depending where crew is present. 

Implementation of crew capabilities on DSG is standardized. Crew capabilities of 
manned visiting vehicle supersedes DSG. 

3.2.5.1  DSG CREW CAPABILITY 

DSG crew monitoring and DSG crew commanding shall be standardized as a nominal 
DSG-crew capability. 

3.2.5.1.1  DSG CREW MONITORING 

DSG Crew monitoring consist of relative motion monitoring and VV/DSG vehicle status 
assessment.  

Relative motion monitoring by crew is obligatory function in case of manned vehicle. It 
shall use independent data source which isn’t used in the VV navigation loop. For 
example, the source of independent monitoring data could be visual information or 
dissimilar independent navigation sensor or combination of different sources.  
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Relative motion monitoring by crew shall cover KOS up to vehicles capture. It shall 
ensure relative motion safety for all motion maneuvers even beyond nominally required 
fault tolerance.  

Required set of parameters for relative motion monitoring: 

- position in approach/departure/relocation corridor; 

- range and range rate; 

- relative attitude. 

Precision and measurement domain for each parameter shall be enough to detect 
safety areas violation. 

Each DSG docking port shall be equipped with visual camera aligned with docking port 
axis. Location of camera shall allow monitoring of required motion parameters. 

For visual monitoring, DSG shall use visual camera installed either on DSG or VV. 
Utilizing of VV-based camera is desirable to ensure visual monitoring during fly around 
and relocation maneuvers. 

Maximum delay in visual image and telemetry data transfer shall not affect rendezvous 
safety. 

Vehicle status assessment is an external check of equipment or systems based on 
telemetry data. Visiting vehicle and DSG shall have their own checklists with minimum 
required state of involved systems and critical equipment to proceed to next operation. 
These checklists shall be verified by crew at decision point as part of GO criteria for 
Docking, Undocking, etc. 

Visual monitoring displays and telemetry data shall be standardized. Sections 3.2.3  and 
3.2.6   describes the standard contents/formats of telemetry data and standard for visual 
monitoring. 

3.2.5.1.2  DSG CREW COMMANDING 

DSG Crew shall be able to issue time-critical commands to initiate safety provision 
maneuvers. Minimum list of required commands: 

- Rendezvous suspend 

- Rendezvous resume; 

- Collision Avoidance Maneuver; 

Additional commands to control visiting vehicle onboard equipment may be 
implemented using standard communication protocol. 

Visiting vehicle may have manual piloting function. Manual piloting function can be 
implemented by Visiting Vehicle crew (manual piloting), by DSG crew (remote piloting) 
or Ground (ground piloting). 
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Remote piloting is an extension to DSG crew commanding capability, dedicated to 
perform approach, departure or relocation of visiting vehicle.  

Following requirements shall be implemented on visiting vehicle and DSG for remote 
piloting function: 

- DSG shall have unified control post for visiting vehicle monitoring and control, 
with video display, telemetry data overlays, crew hand controllers and control 
panel; 

- Redundant bidirectional radio channel between DSG and VV shall be 
implemented for crew commands and crew hand controller signals with 
minimum bandwidth of 9.6 Kbps; 

- Video camera shall be installed on visiting vehicle. It shall be aligned with VV 

docking port axis and operated using DSG-based targets. Video image shall 
be transferred to DSG control post with minimum image quality 576i@10fps 
(720p@25fps is recommended); 

- Maximum total delay accounting all contributors (crew hand controller signals 
direct link and video image return link) is 1.0 second; 

- Visiting vehicle shall be able perform translation maneuvers along 3 axes 
upon crew hand controller signals. Translational hand controller controls 
visiting vehicle linear acceleration; 

- Visiting vehicle shall be able to follow attitude rate around 3 axes based on 
crew hand controller signals. Attitude hand controller controls visiting vehicle 
attitude rate. Visiting vehicle shall be able perform attitude stabilization w.r.t. 
DSG nominal attitude; 

Crew command format and interface shall be standardized. 

3.2.6  COMMON GUI’S AND OPS PRODUCTS 

Graphical User Interfaces (GUIs) and operational (OPS) products for crew monitoring 
shall be standardized. GUIs and OPS products will consist of monitoring displays, crew 
commanding hardware/software, and, if appropriate, remote piloting 
hardware/software/displays. 

Note: 

 Monitoring display is standardized in ISS operations to the US Nodes: Looking at 
the existing standard SSP 50313; Display and graphics commonality standard. 
Currently, it is not standardized across all of the ISS monitoring capabilities. 

3.2.7  DEMONSTRATION REQUIREMENT 

Visiting vehicle shall have demonstration flight program, which includes demonstration 
of all safety maneuvers. All rendezvous related equipment including but not limited: 
navigation sensors, propulsion system, communication system etc., which have no flight 
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heritage and cannot be fully exercised outside of the space environment, shall have 
flight approval prior to or received during demonstration mission. 

Final approach with visiting vehicle capture to DSG is allowed after successful 
implementation of demonstration flight program.  

If execution of safety maneuvers could prevent docking/berthing (e.g. Collision 
Avoidance Maneuver), those safety maneuvers could be demonstrated in full scale after 
VV undocking/unberthing (contributes to mission success by performing abort 
demonstration after delivery is complete). 

3.3  PERFORMANCE 

Define allowable performance characteristics of standard. 

In addition to the physical geometric interface requirements, a set of common design 
parameters enveloping the reference missions and conditions is provided.  (Insert any 
system/hardware specific performance parameters).  Other common design 
parameters, if accommodated in the (insert standard) design, increase the probability of 
successful (insert standardization). 

3.3.1  SECONDARY STATE DETERMINATION SYSTEM (SSDS) 

Figure 3-3 shows the assumed sensor availability in the establishment of a reference 
scenario. As a baseline, to transition from RF communication ranging to the SSDS 
occurs at 750m distance. A target extended range mode where the VV is at 5km of the 
DSG will also be defined. 

 

 

FIGURE 3-3 SENSOR AVAILABILITY ASSUMPTIONS  
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3.3.1.1  SSDS MISSION LEVEL PERFORMANCE REQUIREMENTS 

Based on the reference scenario presented in TBD 3-2, the following mission level performance requirements, presented 
in Table 3-1, were derived. 

 

Table 3-1 Preliminary Performance Requirements of the SSDS 

Requirement Code Title Description Rationale/Note 

MRQ-PRF-SSDS-001 Target Acquisition Time The SSDS shall automatically perform acquisition of 
the VV within 90 seconds when the target is in the 
operational field of view and range. 

Minimize manual operation 
and operation time. 

MRQ-PRF-SSDS-002 Tracking Update Rate The SSDS shall provide raw navigation data at least 
twice per second (2Hz) with a target of 4 times per 
second (4Hz). 

Typical GNC requirement. 

MRQ-PRF-SSDS-003 Coverage Area The SSDS FOV shall cover an area greater than 45° x 
20° (TBR).  

Lots of motion expected in 
plane and little out of plane. 
Mounting on a robotics 
platform would alleviate FOV 
constraints (except for initial 
acquisition).  

MRQ-PRF-SSDS-004  Bearing Mode LOS Bias The SSDS LOS (Az, El) RSS measurement bias shall 
be less than 0.3° (3-sigma). Intermediate values can 
be linearly interpolated.  

Draper analysis [Draper-
2015] uses 0.333° at 1 sigma 
for LOS camera  

MRQ-PRF-SSDS-005  Bearing Mode LOS 
Noise  

The SSDS LOS (Az, El) RSS measurement noise shall 
be less than 0.15° (3-sigma). Intermediate values 
can be linearly interpolated.  

Draper analysis [Draper-
2015] uses 0.05° at 1 sigma 
for LOS camera  
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Requirement Code Title Description Rationale/Note 

MRQ-PRF-SSDS-006  Bearing Mode Range 
Bias  

The SSDS bearing range RSS measurement bias shall 
be less than 0.5% of the target range.  

Draper analysis [Draper-
2015] uses 0.33m to 7m (for 
1m to 1.5km) for 1 sigma  

MRQ-PRF-SSDS-007  Bearing Mode Range 
Noise  

The SSDS bearing range RSS measurement noise 
shall be less than 0.5% of the target range.  

Draper analysis [Draper-
2015] uses 0.33m to 7m (for 
1m to 1.5km) for 1 sigma  

MRQ-PRF-SSDS-008  6DOF Pose Bias  The SSDS LOS 6DOF relative pose RSS measurement 
bias shall be less than 2cm at the minimum docking 
range and less than 1m at the maximum 6DOF 
range (3-sigma). Intermediate values can be linearly 
interpolated.  

 

MRQ-PRF-SSDS-009  6DOF Pose Noise  The SSDS LOS 6DOF relative pose RSS measurement 
noise shall be less than 2cm at the minimum 
docking range and less than 1m at the maximum 
6DOF range (3-sigma). Intermediate values can be 
linearly interpolated.  

 

MRQ-PRF- SSDS -010  6DOF Relative Attitude 
Bias  

The SSDS LOS 6DOF relative attitude RSS 
measurement bias shall be less than 0.5° at the 
minimum docking range and less than 5° at the 
maximum 6DOF range (3-sigma). Intermediate 
values can be linearly interpolated.  

IDSS can tolerate 4°.  

MRQ-PRF- SSDS -011  6DOF Relative Attitude 
Noise  

The SSDS LOS 6DOF relative attitude RSS 
measurement noise shall be less than 0.5° at the 
minimum docking range and less than 5° at the 
maximum 6DOF range (3-sigma). Intermediate 
values can be linearly interpolated.  

IDSS can tolerate 4°.  
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3.4  VERIFICATION AND TESTING 

N/A 

Note: Need to include some statements that verification of many of the items described 
in this document need to be completed at a systems level, including interaction between 
two (2) vehicles. Verification of items presented in the Rendezvous Standards will not 
follow other standards such as Power, Avionics or Communications and Tracking, which 
have clearly defined items that are quantifiable and measurable. 

How to verify corridors, approach sphere, keep out sphere, etc. 
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4.0  FUTURE TOPICS FOR POSSIBLE STANDARDIZATION 

N/A 
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APPENDIX A   ACRONYMS AND ABBREVIATIONS 

6-DOF Six Degrees of Freedom 

AAC Automatic Abort Corridor 
AE Approach Ellipsoid 
AI Approach Initiation 
AS Approach Sphere 
ATP Authority To Proceed 

CAM Collision Avoidance Maneuver 
CSA Canadian Space Agency 

DOF Degree Of Freedom 

DSG Deep Space Gateway 
DSG&T Deep Space Gateway and Transport 

ESA European Space Agency 

GNC Guidance, Navigation and Control 
GUI Graphical User Interface 

IDD Interface Definition Document 
IDSS International Docking System Standard 
IERIS International External Robotic Interoperability Standard 
IRD Interface Requirements Document 
ISS International Space Station 
JAXA Japan Aerospace Exploration Agency 

KOS Keep Out Sphere 

LEO Low Earth Orbit 
LIDAR Light Detection and Ranging 

MAC Manual Abort Corridor 
NASA National Aeronautics and Space Administration 

PA Passive Abort 
PAL Phase Alternating Line (video format) 

RF Radio Frequency 
ROE Rendezvous Orbit Entry 
RPOD Rendezvous, Proximity Operations and Docking 
RS Rendezvous Sphere 
RSC-E Rocket and Space Corporation – Energia 

SLS Space Launch System 
SSDS Secondary State Determination System 
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SSP Space Station Program 

TBC To Be Confirmed 
TBD To Be Determined 
TBR To Be Resolved 
TLI Trans Lunar Injection 
TMI Trans Martian Injection 

VV Visiting Vehicle 
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APPENDIX B   GLOSSARY 

ABORT 

The chase vehicle performs a separation sequence which places it on a safe trajectory 
which departs from the target vehicle. 

APPROACH ELLIPSOID (AE) 

Refer to SSP 50808 

APPROACH INITIATION BURN (AI) 

The Approach Initiation (AI) burn is the first burn that is allowed to target into the 
Approach Sphere (AS). 

APPROACH SPHERE (AS) 

The AS is a sphere around the center of mass of the Deep Space Gateway. It defines a 
region around the DSG that the VV shall not enter without approval. If VV becomes 
disabled during RPOD, it shall not enter the AS based on its own trajectory dynamics 
(free drift trajectory does not take VV into AS). 

ATTACHED 

The portion of the trajectory in which the target vehicle and the chaser vehicle are 
physically connected. 

AUTOMATED SYSTEM 

A system which executes its commands as it is programmed to do and perform its 
closed loop control, which is predesigned and reference signals are precomputed. It 
needs external intervention for changes and re-planning. 

AUTOMATIC CONTROL 

An automatic control loop, a controller compares a measured value of a process with a 
desired set value, and processes the resulting error signal to change some input to the 
process, in such a way that the process stays at its set point despite disturbances. This 
closed-loop control is an application of negative feedback to a system. 

Process that is executed to completion without human intervention; however, the 
ground or crew can observe and confirm the state/status and actions performed by the 
vehicle. 

AUTONOMOUS SYSTEM 

Autonomous control systems must perform well under significant uncertainties in the 
plans and the environment for extended periods of time and they must be able to 

compensate for system failures without external intervention. The system is able to 
adapt to external measured changes without external intervention and it possesses the 
capability to perform re-planning and self-adaptation to new situations with no external 
intervention. 

BERTHING 

The act of robotically mating two vehicles. 
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CAPTURE 

The act of robotically capturing a vehicle, typically assumed with robotic arms/devices, 
or soft capture system within docking mechanisms. 

CHASE OR CHASER VEHICLE 

Is an active spacecraft during rendezvous with a target vehicle. The chaser vehicle 
targets and executes a primary set of maneuvers during rendezvous. 

CHECK POINT 

A predefined location on the vehicle’s trajectory where the VV will not proceed on the 
approach if it has not received “GO” command from the associated ground operator, 
Deep Space Gateway crew or the VV crew. 

CORRIDOR 

A frustum (truncated pyramid or cone) portion of space with its apex located at the 
target docking mechanism (or capture box) and its longitudinal axis along the direction 
of intended approach. The chase vehicle maintains its target relative position within the 
corridor for approach to and possibly, separations from the target. 

CREW 

Humans on a space based vehicle 

CREW INTERRUPT 

A crew executed command sent to the visiting vehicle. The command may be a 
hold/halt, retreat, abort, or resume. 

CREW MONITORING 

The crew ability to observe and assess the operation, typically with telemetry and video. 

[Note:  In most cases there will be a blending of video and telemetry. In some cases, 
this capability could be used to control a formal hazard.  We have general agreement 
that this would be used for all operations where crew is present.] 

DEPARTURE 

Trajectory starting with the undocking/release event, which places the visiting vehicle on 
a safe trajectory. 

DISSIMILAR SENSOR 

This term is applied to sensors being implemented on a vehicle and refers to the suite of 
sensors being implemented not being vulnerable to common mode failures.  Addresses 
vulnerability to design issues, environmental sensitivity, and operational usage. 

DOCKING 

The act of using a docking mechanism to mate with another vehicle 

FAIL SAFE 

The automated reconfiguration to a state that precludes the propagation of further 
failures and does not cause hazardous conditions. This does not specifically imply 
recovery of the function. 
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FAIL OPERATIONAL 

Automated reconfiguration of the vehicle in response to a failure or set of failures in 
order to recover lost functionality or prevent the loss of functionality. This may be 
system specific or vehicle wide (i.e., thermal recovery or regaining of attitude control). 

FREE DRIFT 

The vehicle (chase vehicle and target vehicle) inhibits translational and rotational 
control.  This includes thrusters, control moment gyros, magnetic torquers, etc. This 
occurs at docking contact/latching or before undocking/departure of the vehicle. 

FREE FLIGHT 

The portion of the trajectory in which the target vehicle and the chaser vehicle are not 
physically connected. 

GROUND PILOTING 

The ability for ground operators to manually pilot a vehicle. 

HOLD 

The chase vehicle maintains its relative position with respect to the target vehicle such 
that it neither approaches nor departs from the target. 

INDEPENDENT SENSOR 

This term is applied to sensors being implemented on the vehicle and refers to sensors 
not relying on the same power and data connections.  Addresses vehicle architecture 
and vulnerability to single power failure, data connections, etc. 

KEEP OUT SPHERE (KOS) 

The KOS is the smallest control sphere around the Deep Space Gateway, regulating 
final approach to DSG. Final approach to the Deep Space Gateway is not permitted 
inside KOS unless approval is granted. 

MANUAL CONTROL 

Control input provided by a human operator.  This is a general term which includes 
Manual Piloting, Remote Piloting, Ground Piloting. 

MANUAL PILOTING 

Refers to action taken by a human to fly the vehicle. The ability for crew to pilot the 
vehicle. 

PROXIMITY OPERATIONS 

Vehicle maneuvers that are either within the KOS or RS. These maneuvers may include 

final approach, fly-around, undocking and departure. This is used extensively within the 
NASA ISS community to cover all maneuvers performed within the RS. 

REMOTE PILOTING 

The ability for crew to manually pilot a vehicle they do not occupy. See section 6.6 
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RENDEZVOUS 

This phase begins when the VV is confirmed to be in an orbit established in cis-Lunar 
space relative to the DSG and ends at docking start. 

RENDEZVOUS SPHERE (RS) 

The RS is the largest control sphere around the center of mass of the DSG and is used 
to govern the Rendezvous Orbit Entry (ROE).   

RESUME 

The chase vehicle maintains its position with respect to the target vehicle such that it 
continues on the preplanned profile.  This function is typically only used during proximity 
operations. 

RETREAT 

The chase vehicle increases its range with respect to the target vehicle such that it 
creates an opening rate.  The retreat will proceed to a predefined HOLD point. 

SEPARATION 

The dynamic process of flying a chaser vehicle away from a target. It results from 
propulsive forces (thruster or mechanical springs) and/or effects of orbital mechanics. 

TARGET VEHICLE 

Is primarily a passive spacecraft during rendezvous by a chaser vehicle. 

UNDOCKING 

The process of a chaser vehicle unlatching and separating from a target vehicle. 



IRSIS Draft Release Copy 

February 2018  

 

Verify this is the current version before use  C-1 

APPENDIX C   OPEN WORK 

Table C-1 lists the specific To Be Determined (TBD) items in the document that are not 
yet known. The TBD is inserted as a placeholder wherever the required data is needed 
and is formatted in bold type within brackets. The TBD item is numbered based on the 
section where the first occurrence of the item is located as the first digit and a 
consecutive number as the second digit (i.e., <TBD 4-1> is the first undetermined item 
assigned in Section 4 of the document). As each TBD is solved, the updated text is 
inserted in each place that the TBD appears in the document and the item is removed 
from this table. As new TBD items are assigned, they will be added to this list in 
accordance with the above described numbering scheme. Original TBDs will not be 
renumbered. 

TABLE C-1 TO BE DETERMINED ITEMS 

TBD Section Description 

3-1 3.2.3.3.7 Control mode and DSG health/status in telemetry. 

3-2 3.3.1.1 Reference scenario cited for performance requirements. 

 

Table C-2 lists the specific To Be Resolved (TBR) issues in the document that are not 
yet known. The TBR is inserted as a placeholder wherever the required data is needed 
and is formatted in bold type within brackets. The TBR issue is numbered based on the 
section where the first occurrence of the issue is located as the first digit and a 
consecutive number as the second digit (i.e., <TBR 4-1> is the first unresolved issue 
assigned in Section 4 of the document). As each TBR is resolved, the updated text is 
inserted in each place that the TBR appears in the document and the issue is removed 
from this table. As new TBR issues are assigned, they will be added to this list in 
accordance with the above described numbering scheme. Original TBRs will not be 
renumbered. 

TABLE C-2 TO BE RESOLVED ISSUES 

TBR Section Description 

3-1 3.2.1.2.1 Local Vertical, Local Horizontal (LVLH) frame definition needs to be refined 

3-2 3.2.1.2.2 Geometrically Fixed Frame (GFF) definition needs to be refined 

3-3 3.2.1.2.2 Chaser Docking (DC) frame definition needs to be refined 

3-4 3.2.1.2.3 DSG Body frame needs to be refined 

3-5 3.2.1.2.3 Target Docking (DT) frame definition needs to be refined. 

 

Table C-3 lists the specific To Be Confirmed (TBC) issues in the document that are not 
yet confirmed/verified. The TBC is inserted as a placeholder wherever the required data 
is needed and is formatted in bold type within brackets. The TBC issue is numbered 
based on the section where the first occurrence of the issue is located as the first digit 
and a consecutive number as the second digit (i.e., <TBC 4-1> is the first unresolved 
issue assigned in Section 4 of the document). As each TBC is resolved, the updated 
text is inserted in each place that the TBC appears in the document and the issue is 
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removed from this table. As new TBC issues are assigned, they will be added to this list 
in accordance with the above described numbering scheme. Original TBCs will not be 
renumbered. 

TABLE C-3 TO BE CONFIRMED ISSUES 

TBC Section Description 

3-1 3.1.3.2 Rendezvous Sphere is 10 km 

3-2 3.1.3.2 Approach Sphere is 2 km 

3-3 3.1.3.2 Keep Out Sphere is 200 m 

3-4 3.1.3.2 Approach/Departure Corridor is ±10° 

3-5 3.2.2.1 Coast trajectory shall not intercept AS for 24 hours 

3-6 3.2.2.3 24-hour safe free drift after abort 

3-7 3.2.2.4.1 Automatic abort corridor is ±7.5° 

3-8 3.2.2.4.4.2 Manual abort corridor is ±10° 

3-9 3.2.2.8 Secondary State Determination from range = 20m 

3-10 3.2.3.3.2 Data Validity section needs to be confirmed/worked with C&T and Avionics 
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PREFACE 

INTERNATIONAL EXTERNAL ROBOTIC INTEROPERABILITY STANDARDS (IERIS) 

This International External Robotic Interoperability Standards (IERIS) establishes a 
standard interface to enable on-orbit robotic operations and joint collaborative 
endeavors utilizing different robotic compatible spacecraft or equipment. 

Configuration control of this document is the responsibility of the International Space 
Station (ISS) Multilateral Coordination Board (MCB), which is comprised of the 
international partner members of the ISS. The National Aeronautics and Space 
Administration (NASA) will maintain the International External Robotic Interoperability 
Standards under Human Exploration and Operations Mission Directorate (HEOMD). 
Any revisions to this document will be approved by the ISS MCB. 
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 INTRODUCTION 

This International External Robotic Interoperability System Standards is the result of a 
collaboration by the International Space Station (ISS) membership to establish, 
interoperable interfaces, terminology, techniques, and environments to facilitate 
collaborative endeavors of space exploration in cis-Lunar and deep space 
environments.  

Standards that are established and internationally recognized have been selected 
where possible to enable commercial solutions and a variety of providers.  Increasing 
commonality while decreasing unique configurations has the potential to reduce the 
traditional barriers in space exploration: overall mass and volume required to execute a 
mission.  Standardizing interfaces reduces the scope of the development effort and 
allows more focus on performance instead of form and fit.   

The information within this document represents a set of parameters enveloping a broad 
range of conditions, which if accommodated in the system architecture support greater 
efficiencies, promote cost savings, and increase the probability of mission success.  
These standards are not intended to specify system details needed for implementation 
nor do they dictate design features behind the interface, specific requirements will be 
defined in unique documents. 

1.1 GENERAL 

This International External Robotic Interoperability Standards is the result of 
collaboration by the International Space Station membership to establish a standard 
interface to enable on-orbit robotic operations and joint collaborative endeavors utilizing 
different robotic compatible spacecraft or equipment. 

1.2 PURPOSE AND SCOPE 

The purpose of the International External Robotic Interoperability Standards is to 
provide a set of common design parameters to allow station module, visiting vehicle, 
and on-orbit relocatable or replaceable unit (ORU) providers to architect and design 
elements which are compatible with an external robotic system, and vice versa. 

The primary goal of this standard is to inform and enable the Deep Space Gateway 
(DSG) and Deep Space Transport (DST) architectures.  

Although the target environment for this standard is the cis-lunar orbital environment it is 
recognized that the DSG is a proving ground for phase 2 DST missions including the 
path to Mars and for planetary surface deployable systems.  The interfaces defined 

herein will thus include contamination resistant versions.  The standard will not preclude 
and will facilitate where possible application to earth orbit and commercial applications. 

This standard leverages ISS robotic interface heritage and lessons learned, as well as 
related technology development activities. 

This standard does not address DSG internal robotic compatible systems, vehicle to 
vehicle berthing only interfaces (e.g. ISS CBM (Common Berthing Mechanism)), or 
vehicle to vehicle berthing compatible docking interfaces (e.g. IDSS-B, [RD-02]). 
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1.3 RESPONSIBILITY AND CHANGE AUTHORITY 

Any proposed changes to this standard by the participating partners of this agreement 
shall be brought forward to the International External Robotic Interoperability Standards 
committee for review. 

Configuration control of this document is the responsibility of the International Space 
Station (ISS) Multilateral Coordination Board (MCB), which is comprised of the 
international partner members of the ISS. NASA will maintain the International External 
Robotic Interoperability Standards under Human Exploration and Operations Mission 
Directorate (HEOMD). Any revisions to this document will be approved by the ISS MCB. 

1.4 PRECEDENCE 

This paragraph describes the hierarchy of document authority and identifies the 

document(s) that take precedence in the event of a conflict between content. Applicable 
documents include requirements that must be met. If a value in an applicable document 
conflicts with a value here, then the system may need to be able to meet both values at 
different times. 

Reference documents are either published research representing a specific point in 
time, or a document meant to guide work that does not have the full authority of an 
Applicable document. If a value in this document conflicts with a value in a referenced 
document, then it should be assumed that the value here was deliberately changed 
based on new data or a special constraint for the missions discussed. 
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 DOCUMENTS 

2.1 APPLICABLE DOCUMENTS 

The following documents include specifications, models, standards, guidelines, 
handbooks, and other special publications. Applicable documents are levied by 
programs with authority to control system design or operations.  The documents listed in 
this paragraph are applicable to the extent specified herein. Inclusion of applicable 
documents herein does not in any way supersede the order of precedence identified in 
Section 1.4 of this document. 

[AD-01] IASIS International Avionics Systems Interoperability Standards 

[AD-02] ICSIS 
International Communication System Interoperability 

Standards  

[AD-03] ISPSIS 
International Space Power System Interoperability 

Standards 

[AD-04] ITSIS International Thermal System Interoperability Standards 

[AD-05] SLS-SPEC-159 
Crossprogram Design Specification for Natural 

Environments (DSNE) 

[AD-06] TBD 
International Electromagnetic, Electrostatic, and Bonding 

Requirements 

2.2 REFERENCE DOCUMENTS 

The following documents contain supplemental information to guide the user in the 
application of this document. These reference documents may or may not be 
specifically cited within the text of this document. 

[RD-01] 
SLS-ESD 

30000 
SLS Mission Planners Guide 

[RD-02] IDSS IDD 
International Docking System Standard (IDSS) Interface 

Definition Document (IDD), Revision E, Oct. 2016 

[RD-03] ISO 9409-1 
Manipulating industrial robots - Mechanical interfaces – 

Part 1: Plates 
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 INTERNATIONAL EXTERNAL ROBOTIC INTEROPERABILITY STANDARDS 

3.1 GENERAL 

The following subsections describe the classes of external robotics interfaces for the 
IERIS. 

3.1.1 DESCRIPTION 

Lessons learned from robotic operations on board the International Space Station (ISS) 
have identified that the use of a limited number of standardized interfaces would be 
beneficial for improving efficiency and reducing overall complexity, which are critical 
considerations for future space exploration robotics. 

The goals of the IERIS are: 

1. Establish common generic mounting interfaces for all external robotic interface 
classes. Standardizing interface requirements ensures interchangeability and is 
consistent with other international standards such as those developed for the 
manipulation of industrial robots (ISO 9409-1). 

2. Maximize use of simple interface designs. IERIS should direct the 
module/vehicle/payload designers to simple and robust robotic interfaces that 
have been accepted by the international community. 

3. Enable provision of robotic fixture hardware as part of the robotic system if 
desired. 

The IERIS document is divided into several sections to define each of the unique robotic 
interface classes. 

In this document, ORU will be used interchangeably with ORU/Payload to represent 
both ORU and generic non-ORU payloads. 

 Large Fixture Interfaces (Section 4.0) 
Fixtures used for robotic handling of vehicles/modules, large payloads or as 
robotic bases.  Applicable to operations including free flyer capture, relocation 
and tool handling. 

 Small ORU Platform Interfaces (Section 5.0) 
Platforms designed for supporting smaller ORUs that are mounted to a 
vehicle/module. 

 Large ORU Platform Interfaces (Section 6.0) 
Platforms designed for supporting larger ORUs that are mounted to a 
vehicle/module. 

 Dexterous Fixture Interfaces (Section 7.0) 
A small dexterous interface used to robotically manipulate smaller 
payloads/ORUs. 
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 ORU Direct Interfaces (Section 8.0) 
An interface that directly mounts to an ORU and vehicle/module without an 
intermediary platform. 

 

Within IERIS, the use of Small and Large with respect to robotic interfaces is meant to 
distinguish the magnitude of the loads expected to be imparted at the interface.  These 
loads may be derived from a combination of mass and geometry of the attached 
payloads.  Therefore, the selection of large or small interfaces will be determined by the 
user’s needs on a basis of loads, mass, and geometric constraints.   

Requirements and features of each interface class are divided into common and 
specific sections.  The common sections include interface descriptions, requirements, 
and verification methodologies consistent across the interface class.  The specific 

sections include descriptions and requirements that are particular to a hardware 
interface implementation (e.g. grapple fixture, wedge, etc.) that cannot be captured in 
the common section (such as loads, geometry details).  Wherever possible, IERIS 
seeks to maximize the commonality between the specific hardware implementations. 

A sixth interface class may be added to IERIS in the future for interfaces that deal with 
the direct mounting of Large ORUs/Payloads.  This will be dependent on the results of a 
platform vs direct mount key trade study for large ORUs that is currently under 
development <TBR 3-1>.  A summary of key trade off studies is presented in Appendix 
F:. 

A distinction must be made between interface user and interface developer level 
requirements.  User level requirements are those that are of interest to parties who 
intend to mount an external robotics interface onto hardware. User level requirements 
can include interface loads, mounting details or fixture clearance approach envelopes.  
These requirements comprise the majority of the main body of IERIS.  Developer level 
requirements can include details that are pertinent to the design of specific 
implementations of external robotic interface classes.  These details can include 
geometric, structural, thermal details of particular components of the interface.  These 
developer level requirements can be extensive for each specific interface specified in 
IERIS, and therefore are not to be included in the main body of this document.  Where 
applicable, IERIS will refer to external developer requirement documents. Alternatively, 
developer requirements that do not currently reside in an external document will be 
collected in Appendix E:. 

The document is expandable and may be updated to include sections that are pertinent 
to future robotics interface topics such as Human-Machine Interfaces (HMIs) or robotic 
fluid transfer/refueling interfaces for on-orbit servicing. 
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3.1.2 COMMON MOUNTING INTERFACE PLANES 

The subsequent sections describe common mounting interface planes for each external 
robotic interface class. 

Rationale:  Common mounting interfaces are defined for each interface class so that 
module and ORU providers can have a common set of requirements at the mounting 
plane.  These will apply to all interfaces of that class, unless otherwise superseded by 
requirements defined in the specific implementation section. 

3.1.2.1 LARGE FIXTURE INTERFACE 

The common large fixture mounting interface plane is the interface located between the 
large fixture and the vehicle/module. The large fixture will interface with a large fixture 
compatible End Effector (EE) or tool.  A conceptual example of the large fixture and 
corresponding mounting interface is depicted in Figure 1. 

 

FIGURE 1 EXAMPLE OF A LARGE FIXTURE AND THE COMMON MOUNTING INTERFACE 
PLANE 

3.1.2.2 SMALL ORU PLATFORM INTERFACES 

For the small ORU platform, two common interface mounting planes can be defined. 

 The common small platform mounting interface plane is the mounting plane 
between the ORU and the small platform. 

 The common small receptacle mounting interface plane is the mounting plane 
located between the platform and the vehicle/module. 

A conceptual example of the small ORU platform and corresponding mounting 
interfaces is depicted in Figure 2.  The small platform is manipulated by a dexterous 
fixture, which is included in the figure for reference. 
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FIGURE 2 EXAMPLE OF A SMALL ORU PLATFORM AND COMMON MOUNTING PLANES 

3.1.2.3 LARGE ORU PLATFORM INTERFACE 

For the large ORU platform two common interface mounting planes can be defined. 

 The common large platform mounting interface plane is the mounting plane 
located between large ORU and the large platform 

 The common large receptacle mounting interface plane is the mounting plane 
located between the large platform and the vehicle/module. 

A conceptual example of the large ORU platform and corresponding mounting 
interfaces is depicted in Figure 3.  The large platform is manipulated by a dexterous 
fixture, which is included in the figure for reference. 

 

FIGURE 3 EXAMPLE OF A LARGE ORU PLATFORM AND COMMON MOUNTING PLANES 

3.1.2.4 DEXTEROUS FIXTURE INTERFACE 

The common dexterous fixture mounting interface plane is the mounting plane located 
between the dexterous fixture and the vehicle/module or ORU. The dexterous fixture will 
interface with a dexterous fixture compatible EE. A conceptual example of the large 
fixture and corresponding mounting interface is depicted in Figure 4. 
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FIGURE 4 EXAMPLE OF A DEXTEROUS FIXTURE AND COMMON MOUNTING 
INTERFACE PLANE 

3.1.2.5 SMALL ORU DIRECT INTERFACE 

For the ORU direct interface two specific interface mounting planes can be defined. 

 The specific mate/demate mounting interface plane is the mounting plane 
between the ORU and the mate/de-mate structure. 

 The specific receptacle mounting interface plane is the mounting plane between 
the mate/demate receptacle and the vehicle/module. 

A conceptual example of the ORU direct interface is depicted in Figure 5.  The direct 
interface is manipulated by a dexterous fixture, which is included in the figure for 
reference. 

 

FIGURE 5 EXAMPLE OF AN ORU DIRECT INTERFACE AND COMMON MOUNTING 
PLANES 
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3.1.2.6 IERIS ROADMAP 

The organization of IERIS is represented pictorially in Figure 6. 

Each specific implementation of each interface class is based on a set of common 
requirements defined at the interface plane.  Details on specific implementations of 
interface classes can be found in the sections detailed in the figure. 

 

FIGURE 6 IERIS ROADMAP 
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3.1.2.7 INTERFACE SUMMARY 

An overview of external robotic interface classes is presented conceptually in Figure 7. 

 

FIGURE 7 OVERVIEW OF INTERFACE CLASSES AND COMMON MOUNTING PLANES 
FOR A NOTIONAL STATION 

3.1.3 STANDARD OPERATIONS REFERENCE FRAMES 

For all robotics interfaces (large fixtures, dexterous fixtures, ORU interfaces, etc.), there 
will be two standard operation frames that will be aligned at the interface plane. The 
operations coordinate system on the manipulator side will be oriented such that the +x-
axis is aligned in the mating direction, and the +z-axis is aligned such that it points away 
from the interface alignment sensor (where applicable).  The y-axis is oriented to 
complete the right-handed Cartesian system.  When no alignment sensor is present, or 
if the sensor is installed along the x-axis, the orientation of the operations frame will be 
based on the orientation of the passive (stationary) side of the interface.  Figure 8 
depicts a Standard Operations (SO) coordinate system (CS) for a conceptual 
manipulator end effector. 
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FIGURE 8 STANDARD OPERATIONS COORDINATE SYSTEM 

Similarly, a standard operations frame will be located on the stationary half of the 
mating interface such that the two coordinate systems will be coincident when the 
interfaces are fully mated.  If no alignment feature is present, or if the feature is 
centered on the x-axis, then the coordinate system will be aligned with the fixture 
mounting plane. It is recommended that that an alignment reference marking be used to 
indicate the direction of the z-axis on the stationary interface.   Figure 9 depicts an 
example of a stationary fixture with a mating coordinate system aligned with the EE 
standard operations coordinate system from Figure 8.  The mating interface coordinate 
systems are defined in the specific sections of each fixture class within the standard. 

 

FIGURE 9 STANDARD OPERATION MATING FRAME 

3.1.4 ENGINEERING UNITS OF MEASURE 

All linear dimensions are in millimeters and all angular dimensions are in degrees. 
Unless otherwise specified, the dimensional tolerances shall be as follows: 

 xx implies xx ± 1 mm 

 xx.x implies xx.x ± 0.5 mm 

 xxº implies xx° ±30’ 
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3.2 INTERFACES 

Unless otherwise stated, the International Avionics System Interoperability Standards 
IASIS [AD-01], the International Communication System Interoperability Standards 
ICSIS [AD-02], the International Space Power System Interoperability Standards 
ISPSIS [AD-03], the International Thermal Interoperability Standards ITIS [AD-04],  the 
Cross-Program Design Specification for Natural Environments (DSNE) [AD-05], and the 
International Electromagnetic, Electrostatic, and Bonding Requirements [AD-06] are 
applicable to all external robotic interfaces. 

DSNE [AD-05] defines natural environments for Earth orbit, lunar orbit and lunar surface 
operations. Not all interfaces defined herein are qualified for all operational 
environments.  Interfaces that are intended to support lunar surface operations are 
identified as dust tolerant within IERIS.
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 LARGE FIXTURE INTERFACE 

4.1 GENERAL 

The large fixture interface class is comprised of fixtures that support robotic handling of 
large payloads/vehicles/modules or that can be used as robotic bases.  These fixtures 
are applicable to operations including free flyer capture, relocation and tool handling. 

The large fixture interface family share a common large fixture mounting interface plane 
(Figure 1).  This establishes a standard interface for both the low profile grapple fixtures 
(LPGF) and free flyer grapple fixtures (FFGF). 

From the contingency release trade (F-1), it has been recommended that the 
contingency release capability of the large fixture interfaces should be incorporated into 
the manipulator end-effector, rather than in the fixture, to reduce overall system mass. 

Details and requirements pertaining to the specific large fixture interface 
implementations are detailed in sections below. 

Common and specific interface requirements are based on ISS heritage and represent 
best available information at the time of document release. Requirements are expected 
to evolve as the DSG design matures. 

4.1.1 COMMON INTERFACE DESCRIPTION 

The common large fixture mounting interface establishes a generic mounting interface 
standard for large fixtures.  The goal is to furnish the module/vehicle designers with the 
simplest possible mounting interface in a bid to develop robotic fixture hardware as part 
of the total robotic system architecture. 

4.1.2 COMMON INTERFACE FUNCTIONS 

The common large fixture interface shall: 

1. Support mechanical and structural attachments to the user 

2. Provide an electrical bonding capability for the user 

3. Provide manipulator and EVA access to interface attachments and connections 

4.2 COMMON REQUIREMENTS 

4.2.1 COORDINATE SYSTEMS 

The common Large Fixture Mounting (LFM) coordinate system is defined in Figure 10.  
An overview and description of the coordinate system is provided in Table 4-1. 

Not all large fixtures will have a dedicated off-axis target.  Alternatively, the large fixture 
mounting coordinate system may be aligned with a common location pin hole. The 
location pin hole center shall be aligned with the -ZLFM axis vector. 

Rationale: For consistency, the LFM coordinate system is aligned with the standard 
operations coordinate system (3.1.3) when mated. 
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FIGURE 10 COMMON LARGE FIXTURE MOUNTING COORDINATE SYSTEMS 

TABLE 4-1 COORDINATE SYSTEM DESCRIPTION FOR COMMON LARGE MOUNTING 
INTERFACE 

Name Symbol Position Orientation Purpose 

Common large 
fixture 

mounting 
interface 

coordinate 
system. 

XLFM,  
YLFM, 
ZLFM 

Center of 
bolt pattern 

Aligned nominally with 
robotic end effector 
operations frame 

+XLFM: Normal to 
mounting plane and 
away from the large 
fixture (towards 
structure) 

+YLFM: Completes the 
right-handed 
coordinate system 

+ZLFM: Away from 
centerline of intended 
large fixture target or 
fixture alignment aid. 

 

Description of 
large fixture 
mounting 
coordinate 
system 

+XLFM 
 

+XLFM 

+YLFM 
 

+YLFM 

+ZLFM 
 

+ZLFM 

+ZLFM 
 

+ZLFM 

LOCATION PIN 
HOLE 
 
LOCATION PIN 
HOLE 

(IF APPLICABLE) 
 
(IF APPLICABLE) 
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4.2.2 ENVELOPES 

4.2.2.1 FIXTURE ENVELOPE 

The maximum envelope occupied by a large fixture installed on the mounting interface 
is defined in Figure 11. 

Rationale: This volume envelopes all specific implementations of Large Fixtures 
documented in the IERIS. 

Ø32

+XGFM

MOUNTING INTERFACE

256

Ø758

439

Note:
All linear dimensions are in mm

 

FIGURE 11 LARGE FIXTURE MAXIMUM ENVELOPE 

4.2.2.2 CLEARANCE APPROACH ENVELOPE 

The manipulator approach envelope to large fixtures are defined in the specific sections 
4.4.1.2.1.1 (LPGF) and 4.4.2.2.1.1 (FFGF).  
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4.2.3 MECHANICAL INTERFACE 

4.2.3.1 MOUNTING BOLT HOLE PATTERNS 

The mounting bolt hole patterns and interface details for large fixtures are defined in 
Figure 12.  Access is required to the rear of the interface for mounting fasteners. 

Rationale: The bolt pattern presented is a heritage mounting interface that has been 
used on the Shuttle and the International Space Station Programs. 

 

FIGURE 12 LARGE FIXTURE MOUNTING BOLT HOLE PATTERNS 

  

LOCATION PIN HOLE 

1x 12 (TBC) 
 

PRELIMINARY 
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4.2.4 STRUCTURAL INTERFACE 

4.2.4.1 MOUNTING INTERFACE LOADS 

The common large fixture to vehicle interface shall meet all performance requirements 
while being subjected to the robot arm loads defined in Table 4-2. 

NOTE: These loads represent the maximum expected loads for all large fixtures. 
Specific implementations of large fixtures may be rated for lower loads. 

Rationale: The specified loads bound the worst-case loads expected to be exerted by 
the base of a DSG manipulator.  

TABLE 4-2 COMMON LARGE FIXTURE MOUNTING LOADS <TBR 4-2> 

Torsion Moment 

(about XLFM)  

Bending Moment 

(about axis 
perpendicular to 

XLFM )  

Shear Load 

(perpendicular to 
XLFM) 

Axial Load 

(along XLFM) 

3100 Nm (TBR) 3100 Nm (TBR) 2000 N (TBR) 1000 N (TBR) 

Notes:  
a) Forces and moments will be applied simultaneously.  
b) Forces and moments are applicable for any direction  
c) Shear force is applied in a plane 152 mm above (+XLFM) mounting interface plane  

 

4.2.4.2 MOUNTING INTERFACE STIFFNESS 

The user shall provide a stiffness at the large fixture mounting interface to support 
robotic operations.    

The minimum rotational stiffness about X, Y, and Z shall be 2e6 Nm/rad <TBR 4-7>. 

Rationale:  The mounting interface stiffness for large fixtures must be sufficiently stiff to 
limit oscillations that could affect the manipulators ability to perform operations at the 
end-effector. 

 

4.3 VERIFICATION 

TBD 
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4.4 SPECIFIC LARGE FIXTURE INTERFACES 

4.4.1 LOW PROFILE GRAPPLE FIXTURE INTERFACE 

4.4.1.1 GENERAL 

The Low Profile Grapple Fixture (LPGF) is a robotics interface suitable for use as a 
robotic base or as a module or payload grasp fixture for relocation purposes. The LPGF 
is not suitable for use in free flyer capture operations where a large capture envelope is 
required by the manipulator. 

4.4.1.1.1 LPGF DESCRIPTION 

The LPGF provides the User with on-orbit mechanical, structural, and electrical 
interfaces to a manipulator base or tip. The general configuration of the LPGF is shown 
in Figure 13. 

 

FIGURE 13 LPGF (INTERFACE TO ROBOT END EFFECTOR) 

NOTES: 
1. Electrical architecture and umbilical shown are notional (placeholder only; design 

not completed) 

2. Mass optimization not performed 

3. Coarse alignment guides are preliminary 
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4.4.1.1.2 COORDINATE SYSTEMS 

The LPGF Coordinate System is defined in Figure 14. 

Rationale: For consistency, the LPGF coordinate system is aligned with the standard 

operations coordinate system (3.1.3), and the common LFM coordinate system (4.2.1) 
when mated. 

 

FIGURE 14 LPGF COORDINATE SYSTEM 

TABLE 4-3 LPGF COORDINATE SYSTEM DESCRIPTION 

Name Symbol Position Orientation Purpose 

Low Profile 
Grapple 
Fixture 
Coordinate 
System 

XLPGF, 
YLPGF, 
ZLPGF 

Center of 
Hirth 
coupling on 
pitch plane 
of coupling 
teeth. 

+XLPGF: Normal to hirth 
coupling interface plane along 
the centerline of LPGF, and 
directed from the Origin 
toward the mounting interface 
plane. 
 
+YLPGF: Completes the right-
handed coordinate system 
 
+ZLPGF: Perpendicular to 
XLPGF. When installed on its 
mounting interface, ZLPGF is 
parallel with ZLFM as defined in 
section 4.2.1  

Description of 
the LPGF 
interface to 
manipulator 
end-effector. 
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4.4.1.1.3 LPGF FUNCTIONS 

LPGF is the robotic structural interface to a spacecraft, tool or payload. It features: 

1. Engagement surfaces that interface with complementary mating surfaces on a 
large manipulator end-effector to react operational loads. 

2. Receptacle connectors <TBD 4-2> to allow the User to access electrical signals 
(power, data and video as desired) on a manipulator tip-mounted tool or payload 
or transfer manipulator power and control signals from spacecraft through the 
manipulator. 

3. An alignment target to support situational awareness during the 
engagement/disengagement operations. 

4.4.1.2 REQUIREMENTS 

4.4.1.2.1 ENVELOPES 

4.4.1.2.1.1 CLEARANCE APPROACH ENVELOPE 

The LPGF clearance approach envelope is defined in Figure 15.  The approach 
envelope shall be kept clear of intrusions. Intrusions into the approach envelope’s keep 
out zone may result in impact and contact loads with the manipulator during operations.  

The LPGF clearance approach envelope includes consideration for wrist cluster sweep.  
No clearance approach considerations for specific manipulator tools have been included 
at this time.  Special consideration is also required for the case of large payloads that 
may be stowed on a LPGF as they will need to ensure that sufficient clearances exists 
relative to surrounding structure during approach.  

Rationale: It is desired to maintain a minimum of 75 mm clearance between the manipulator 

and adjacent structure when approaching an LPGF.  The LPGF approach envelope is 

based on a 75 mm clearance envelope outside of the mechanical sweep of the manipulator 

wrist cluster volume while considering a range of possible configurations. The preliminary 

manipulator wrist cluster was swept through ±180 degrees on the WR joint and ± 85 

degrees on the WY joint to derive the envelope. 
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Envelope  
Ø Da Ø Dg H h α 

Mm mm mm mm deg 

Approach to Static or 
station-attached 
Payload 

1428 912  1350 128 54 

Notes: 
1. User Stay-out Zone (a.k.a. Clearance Volume) is centered on the centerline of 

the LPGF. 
2. Envelopes are based on LGPF, EE, and wrist cluster volumes only.  No 

consideration has been made for attached payloads, which need to be 
evaluated separately for clearance 

3. Encroachment into these envelopes is by waiver only.  
4. Clearances required beyond dimension “H” from attachment plane will be 

dependent on the User and the required manipulator configuration. 
5. The approach envelopes do not account for manipulator runaway.  
6. Hardware Clearance Envelope is a function of the EE. 

FIGURE 15 LPGF CLEARANCE APPROACH ENVELOPE 
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4.4.1.2.2 MECHANICAL INTERFACE 

The LPGF mechanical interface shall conform to the common mechanical interface 
specified in section 4.2.3. 

4.4.1.2.3 STRUCTURAL INTERFACE 

The LPGF structural interface shall conform to the common structural interface specified 
in section 4.2.4. 

4.4.1.2.3.1 MASS 

The mass of the LPGF shall not exceed 11.3 kg <TBR 4-8>). 

Rationale: Based on preliminary estimates for LPGF 

4.4.1.2.4 ELECTRICAL INTERFACE 

4.4.1.2.4.1 ELECTRICAL CONNECTORS 

The proposed electrical interface functions available to a generic external User is 
illustrated in Figure 16 with characteristics summarized in Table 4-4. 

LPGF USER

SYSTEM POWER 
(PRIME)

PAYLOAD POWER 
(PRIME)

DIGITAL COMMUNICATION 
(PRIME)

SYSTEM POWER 
(REDUNDANT)

PAYLOAD POWER 
(REDUNDANT)

DIGITAL COMMUNICATION 
(REDUNDANT)

 

FIGURE 16 LPGF TO USER ELECTRICAL INTERFACES <TBR 4-5> 
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TABLE 4-4 LPGF ELECTRICAL INTERFACE PARAMETERS <TBR 4-6> 

Function1 

Operating 
Current 

(Amps) 

Interface Voltage 
(volts) 

Wire Type # of Wires 

System Power2 0 to 20.4 (TBR) 
98 to 136 (TBR)  

(current dependent)  
12 AWG Wires (TBR) 2 (TBR) 

System Power Return 0 to 20.4 (TBR) - 12 AWG Wires (TBR) 2 (TBR) 

Payload Power3 0 to 20.4 (TBR) 

98 to 136 (TBR)  

(current dependent) 

 

12 AWG Wires (TBR) 2 (TBR) 

Payload Power Return 0 to 20.4 (TBR) - 12 AWG Wires (TBR) 2 (TBR) 

External Digital 
Communication and 

Video  

(Manipulator <-> User) 

N/A 
LVDS (low power, 

high speeds) (TBR) 

Gigabit Ethernet 

100 Ohm Differential 
shielded (TBR) 

4 
Differential 

Pairs 
(TBR) 

NOTES: 
1. These functions are available on both prime and redundant channels/connectors 

2. System Power is intended for use by the robotic element/manipulator itself with a 
maximum power demand of 2000 W (TBR) 

3. Payload Power is intended for use by payloads onto which the LPGF is mounted 
with a maximum power demand of 2000 W (TBR). 

4.4.1.2.4.2 POWER QUALITY 

Electrical power supplied to the user will meet the power quality requirements in 
accordance with the International Space Power System Interoperability Standards 
(ISPSIS). 

4.4.1.3 VERIFICATION 

TBD 

4.4.2 FREE FLYER GRAPPLE FIXTURE INTERFACE 

4.4.2.1 GENERAL 

The Capture and Berthing of the free-flying vehicles using a robot arm requires flight 
support equipment (FSE) to enable the robot arm to interface with the vehicle. These 
FSE include the Free Flyer Grapple Fixture (FFGF) which is mounted on a visiting 
vehicle to allow their capture and handling by a manipulator. 

4.4.2.1.1 FFGF DESCRIPTION 

The FFGF provides the User payload with on-orbit mechanical and structural interfaces 
to the tip of a manipulator, as well as thermal isolation and electrical bonding. 
Contingency release capability should not rely on EVA due to the time criticality of free 
flyer capture and should be provided by the active end-effector to reduce mass and 
complexity of each individual FFGF (Appendix F: Contingency release trade). The 
general configuration and interfacing provisions of the FFGF are shown in Figure 17. 
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The FFGF is based on the ISS-heritage Flight Releasable Grapple Fixture (FRGF), and 
is updated for use with DSG (e.g. reduced mass). 

 

FIGURE 17 FFGF (INTERFACE TO ROBOT END EFFECTOR) 

4.4.2.1.2 COORDINATE SYSTEMS 

The FFGF Coordinate System is defined in Figure 18. 

Rationale: For consistency, the FFGF coordinate system is nominally aligned with the 
standard operations coordinate system (3.1.3) and the common LFM coordinate system 
(4.2.1) when mated. 
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FIGURE 18 FFGF COORDINATE SYSTEM 

TABLE 4-5 FFGF COORDINATE SYSTEM DESCRIPTION 

Name Symbol Position Orientation Purpose 

Free Flyer 
Grapple 
Fixture 
Coordinate 
System 

XFFGF, 
YFFGF, 
ZFFGF 

Center of 
Grapple 
Shaft on the 
EE/GF 
interface 
plane 

+XFFGF: Normal to Face 
Plate along the centerline 
of Grapple Shaft, and 
directed from Origin away 
from  Grapple Cam 
 
+YFFGF: Completes the 
right-handed coordinate 
system 
 
+ZFFGF: Perpendicular to 
XFFGF and directed from 
Origin away from the 
grapple target centerline. 
When installed on its 
mounting interface, ZFFGF 
is parallel with ZLFM as 
defined in section 4.2.1. 

Description of the 
FFGF interface to 
manipulator end-
effector. 

YFFGF 

 

ZFFGF 

 

XFFGF 
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4.4.2.1.3 FFGF FUNCTIONS 

The FFGF shall: 

1. Support mechanical/structural attachment to the User 

2. Provide capability for electrostatic discharge bleed-off to the User 

4.4.2.2 REQUIREMENTS 

4.4.2.2.1 ENVELOPES 

4.4.2.2.1.1 CLEARANCE APPROACH ENVELOPE 

The FFGF clearance approach envelope is defined in Figure 19 and Table 4-6.  The 
approach envelope shall be kept clear of intrusions. Intrusions into the approach 
envelope’s keep out zone may result in impact and contact loads with the manipulator 
during operations. 

Rationale: The FFGF approach envelope dimensions are based on SRMS heritage from 
the Shuttle program. 

Ø Da

USER STAY-OUT ZONE
2

Ø Dg

H
3

α

Approach Envelope 

(Conical)
4

Common Large 

Fixture Mounting 

Interface

See 

Note 3

 

FIGURE 19 FFGF CLEARANCE APPROACH ENVELOPE  

TABLE 4-6 FFGF APPROACH ENVELOPE 

Envelope  
Ø Da (ref.) Øe Dg H α 

mm mm mm deg. 

EE Approach to Dynamic or FF 
Payload  

1527 674 508 50 
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Notes:   See  Figure 19 for reference 
1. User Stay-out Zone (a.k.a. Clearance Volume) is centered on the centerline of the FFGF.  

2. Encroachment into these envelopes is by waiver only.  

3. Clearances required beyond dimension “H” from attachment plane will be dependent on 
the User and the required manipulator configuration. 

4. The approach envelopes do not account for manipulator runaway.  

5. Hardware Clearance Envelope is a function of the EE and not dependant on the FFGF  
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4.4.2.2.2 MECHANICAL INTERFACE 

The FFGF mechanical interface shall conform to the common mechanical interface 
specified in section 4.2.3. 

4.4.2.2.2.1 MOUNTING FASTENERS 

The mounting joint configuration for the FFGF is shown in Figure 20. 

Rationale: The mounting joint configuration illustrated is based on the mounting of 
heritage NSTS and ISS grapple fixtures. 

 

FIGURE 20 MOUNTING JOINT CONFIGURATION FOR FFGF 

4.4.2.2.3 STRUCTURAL INTERFACE 

4.4.2.2.3.1 OPERATING LOADS 

The FFGF mounting interface shall be able to transmit the following forces and 
moments identified in Figure 21 and Figure 22, in combination with a shear force of 
667N, between the manipulator’s End Effector and the Mounting Interface. 

Bushing 

Epoxy Glass Laminate 

NEMA G11 

 

Bushing 

Epoxy Glass Laminate 

NEMA G11 Baseplate 

 

Baseplate 
Stand-Off 

 

Stand-Off 

Payload Structure 

 

Payload Structure Thermal Washer 

Epoxy Glass Laminate 

NEMA G11 

 

Thermal Washer 

Epoxy Glass Laminate 

NEMA G11 

Nut Plate 

 

Nut Plate 

Mounting Bolt 

.375-24 UNF 

200 KSI, 12 Point 

External Wrenching 

 

Mounting Bolt 

.375-24 UNF 

200 KSI, 12 Point 

External Wrenching 

Mounting Interface 

Plane 

 

Mounting Interface 

Plane 

Washer 

CRES 15-5PH 

 

Washer 

CRES 15-5PH 

38.4 mm 

MAX. 

37.1 mm MIN. 

 

38.4 mm 

MAX. 

37.1 mm MIN. 
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Axial force is defined along XFFGF of the FFGF while shear force is perpendicular to this 
axis. 

Rationale: These loads represent the structural capacity of the heritage NSTS flight 
releasable grapple fixture (FRGF) used on the ISS program. 

 

FIGURE 21 AXIAL FORCES VS. BENDING MOMENT 

 

FIGURE 22 TORSION MOMENT VS. BENDING MOMENT 
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4.4.2.2.3.2 MASS 

The mass of the FFGF shall not exceed 12.7kg. 

Rationale: This mass is representative of a heritage flight releasable grapple fixture 

(FRGF) used on the ISS program. Note that the mass of a FRGF with the EVA release 
mechanism removed will be reduced (approximately 8 kg based on the heritage flight 
standard grapple fixture). 

4.4.2.2.4 ELECTRICAL INTERFACE 

No electrical services are provided for the FFGF. 

4.4.2.2.5 TARGET 

NOTE: FFGF target type is to be determined <TBD 4-3>. FFGF may not use the 
heritage target that is designed for human-in-the loop operation. Targets are notional 
pending the selection of a standard machine vision compatible target definition. 

4.4.2.2.6 THERMAL INTERFACE 

The thermal conductance between the User and the FFGF shall not exceed 0.9 W/°C. 

Rationale: Allowable thermal conductance is per heritage FRGF design from the ISS 
program. 

4.4.2.2.7 ELECTROMAGNETIC ENVIRONMENTS 

4.4.2.2.7.1 BONDING 

The FFGF User structure shall be electrically isolated from FFGF, except for the 
electrostatic discharge bleed-off assembly, referred to as the ground strap and provided 
with the FFGF. The ground strap serves as a means of bleeding static charges between 
the two structures, as illustrated in Figure 23. 

The ground strap provides a nominal resistance of 5.0 KΩ to limit the magnitude of 
electrical currents flowing between the FFGF and User structures. 

The User is responsible for termination of the ground strap to the User structure per 
[AD-06] 

The FFGF has three possible ground strap locations as defined in Figure 24. 
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FIGURE 23 GROUND STRAP CONFIGURATION 

 

FIGURE 24 GROUND STRAP LOCATIONS 

4.4.2.3 VERIFICATION 

TBD
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 SMALL ORU PLATFORM INTERFACE 

5.1 GENERAL 

The small ORU platform provides the interface between various ORU families and 
vehicles or modules. This interface allows ORUs or payloads to be reliably berthed to a 
worksite or transfer-site via the manipulator, EVA, or IVA (for transfer through an 
airlock). The small platform can also be utilized for surface mobility applications such as 
sample canister return from the lunar surface. 

The small ORU platforms have two common mounting interface planes (Figure 2): the 
common small platform mounting interface between the platform and the host 
vehicle/module/carrier to which it attaches, and the common small receptacle mounting 
interface between the platform and the ORU. 

Details and requirements pertaining to specific small platform interface implementations 
are detailed in Section 5.6. 

Common and specific interface requirements are based on ISS heritage and represent 
best available information at the time of document release. Requirements are expected 
to evolve as the DSG design matures. 

5.1.1 COMMON INTERFACE DESCRIPTION 

The common small ORU platform interface establishes a generic mounting interface 
standard for small payloads.  The goal is to furnish payload designers with generic 
interface hardware that isolates the payload from the mate/demate operation thus 
facilitating simple and repeatable robotic handling while supporting standard electrical 
services. 

5.1.2 COMMON INTERFACE FUNCTIONS 

The Small Platform interface shall 

a) Support mechanical and structural attachment to the user. 

b) Provide EVA/EVR access to interface attachments and connections 

c) Provide an electrical bonding capability to the user 

d) Provide power and data utility distribution to the user via a harness. 
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5.2 COMMON REQUIREMENTS, ORU TO SMALL PLATFORM INTERFACE 

5.2.1 COORDINATE SYSTEMS 

The common Small Platform Mounting (SPM) coordinate system is defined in Figure 25.  
An overview and description of the coordinate system is provided in Table 5-1. 

Rationale:  For consistency, the SPM coordinate system is aligned with Small Platform 

standard operations coordinate system (3.1.3) and the Small Receptacle Mounting 
(SRM) coordinate system 5.4) when mated. 

 

FIGURE 25 SMALL PLATFORM ORU MOUNTING (SPM) COORDINATE SYSTEM 

TABLE 5-1 COMMON SMALL PLATFORM ORU MOUNTING COORDINATE SYSTEM 
DESCRIPTION 

Name Symbol Position Orientation Purpose 

Common small 
platform 
mounting 
interface 
coordinate 
system 

XSPM 

YSPM 

ZSPM 

Geometric 
center of 

bolt pattern 

+XSPM: Parallel to 
the mating surface 
and pointing away 
from the dexterous 

fixture 

+YSPM: Completes 
the right-handed 

coordinate system 

+ZSPM: Normal to 
the mounting plane 

away from  the  
ORU platform 

 

Description of 
the small 
platform 
mounting 

coordinate 
system 
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5.2.2 ENVELOPES 

5.2.2.1 LOCATING 

5.2.3 MECHANICAL INTERFACE 

5.2.3.1 ORU MOUNTING BOLT HOLE PATTERNS 

The mounting bolt hole pattern and details of the mechanical interface for the Small 
Platform Interface are defined in Figure 26. 

Rationale: The bolt pattern presented is derived from a heritage mounting interface that 
has been used on the ISS program. 

 

FIGURE 26 PLATFORM ORU MOUNTING BOLT HOLE PATTERN 

  

Note: 
All linear dimensions are in inches 
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5.2.4 STRUCTURAL INTERFACE 

5.2.4.1 PAYLOAD MASS CAPACITIES 

The payload mass capacity of the small platform interfaces as a function of operational 
environment are defined in the specific subsections of IERIS (e.g. 5.6.1.2.4.1, 
5.6.2.2.4.1, etc.) 

Rationale: Payload capacities are derived from the maximum loads that the interface 
can experience. Payloads that are launched while mounted to the small platform will 
experience significantly higher acceleration and vibration environments than interfaces 
that are installed and handled on-orbit.  

5.2.5 ELECTRICAL INTERFACE 

The Small ORU platform should have two electrical interfaces: 1) a worksite electrical 
interface to support power/video/data to the payload when mated to the Small ORU 
Receptacle at the worksite, and 2) an umbilical electrical interface to support 
power/video/data to the payload when grasped/operated by EVR. 

5.2.5.1 ELECTRICAL CONNECTOR 

The worksite electrical interface consists of two connectors: a female connector on the 
Small ORU Receptacle and a complimentary male connector on the Small ORU 
Platform to interface with it (only the male connector of the worksite electrical interface 
is to be wired to the ORU payload).  

The umbilical electrical interface consists of one connector: a male connector positioned 
relative to the dexterous fixture such that it interfaces with the manipulator EE. For both 
the worksite and umbilical  electrical interfaces, the Small ORU Platform will be 
designed with the connectors physically located appropriately for EVR and mate/demate 
operation with platform cable harnesses leading to the payload in the form of a pigtail. 
These pigtails will provide the payload with a means to receive electrical services 
where: 

a) The User may integrate the pigtail wire end of the platform cable harnesses with 
a connector of their choice. 

b) The User shall be responsible for routing and securing the platform cable 
harnesses to ensure they remain outside of the EVR/EVA clearance envelopes 
for the platform. 

5.2.6 POWER INTERFACE 

 

 

5.2.7 DATA INTERFACE 
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5.2.8 VIDEO INTERFACE 

 

5.2.9 ELECTOMAGNETIC ENVIRONMENTS 

 

5.2.9.1 ELECTROMAGNETIC COMPATIBILITY 

The User shall meet the requirements of [AD-06] , International Electromagnetic, 
Electrostatic and Bonding Requirements. 

5.2.9.2 BONDING AND GROUNDING 

When interfacing with the Small ORU Platform the User shall meet the bonding and 
grounding requirements specified in [AD-06], International Electromagnetic, 
Electrostatic and Bonding Requirements 

5.3 VERIFICATION, ORU TO SMALL PLATFORM INTERFACE 

TBD 

5.4 COMMON REQUIREMENTS, VEHICLE/MODULE TO SMALL RECEPTACLE 

INTERFACE 

5.4.1 COORDINATE SYSTEMS 

The common Small Receptacle Mounting (SRM) coordinate system is defined in Figure 
27.  An overview and description of the coordinate system is provided in Table 5-2. 

Rationale:  For consistency, the SRM coordinate system is aligned with Small Platform 

standard operations coordinate system (3.1.3) and the SPM coordinate system (5.2.1) 
when mated. 
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FIGURE 27 SMALL RECEPTACLE MOUNTING (SRM) COORDINATE SYSTEM 

TABLE 5-2 COMMON SMALL RECEPTACLE MOUNTING COORDINATE SYSTEM 
DESCRIPTION 

Name Symbol Position Orientation Purpose 

Common small 
receptacle 
mounting 
coordinate 
system 

XSRM 

YSRM 

ZSRM 

Geometric 
center of the  
bolt 
patterns, 
centered on 
bolt holes 
closest to 
the 
dexterous 
fixture 

+XSRM: Parallel to 
the mating surface 
and pointing away 
from the dexterous 
fixture 

+YSRM: Completes 
the right-handed 
coordinate system 

+ZSRM: Normal to 
the mounting plane 
into the receptacle 

 

Description of 
the small 
receptacle 
mounting frame 

 

5.4.2 ENVELOPES 

5.4.2.1 LOCATING REQUIREMENT 
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5.4.3 MECHANICAL INTERFACE 

5.4.3.1 MOUNTING BOLT HOLE PATTERNS 

The mounting bolt pattern and details of the mechanical interface for the small ORU 
platform receptacle are defined in Figure 28. 

The standard bolt hole pattern for the small ORU platform is comprised of four bolt 
holes arranged in a rectangular pattern. The common bolt hole pattern supports 
provisions for full and reduced size platform variants. Inner bolt hole mounting pattern 
dimensions are <TBR 5-5>. For additional details regarding the full and reduced small 
ORU platforms refer to the specific implementations section. 

Rationale: Large outer bolt hole pattern is based on existing Wedge Mating Interface 

receptacle design from ISS.  The inner bolt hole pattern supports a reduced size small 

ORU platform design optimized for payloads with smaller mass and/or load 
requirements.  Both interfaces are aligned along the bottom so that both versions can 

present a common edge for installation.  Supporting both designs in the common bolt 
pattern allows module providers to have maximum flexibility to respond to changes in 
the external payload accommodation plan, and presents opportunities for mass 
optimization. 

 

FIGURE 28 RECEPTACLE MOUNTING BOLT HOLE PATTERN 
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5.4.4 STRUCTURAL INTERFACE 

5.4.4.1 BENDING LOADS 

 

5.4.4.2 IMPACT LOADS 

 

5.4.5 ELECTRICAL INTERFACE 

 
 

5.4.6 POWER INTERFACE 

5.4.6.1 POWER QUALITY 

Electrical power supplied to the user will meet the power quality requirements in 
accordance with ISPSIS Power Standards. 

5.4.7 DATA INTERFACE 

All data interface connections at the small platform receptacle interface are pass 
through wiring. 

5.4.8 VIDEO INTERFACE 

All video interface connections at the small platform receptacle interface are pass 
through wiring. 

5.4.9 ELECTROMAGNETIC ENVIRONMENTS 

5.4.9.1 ELECTROMAGNETIC COMPATIBILITY 

The User shall meet the requirements of [AD-06], International Electromagnetic, 
Electrostatic and Bonding Requirements. 

5.4.9.2 BONDING AND GROUNDING 

When interfacing with the Small ORU Receptacle, the User shall meet the bonding and 
grounding requirements specified in [AD-06], International Electromagnetic, 
Electrostatic and Bonding Requirements 

5.4.9.3 ELECTROSTATIC DISCHARGE 

When interfacing to the Small ORU Receptacle, the User shall meet the requirements of 
[AD-06], International Electromagnetic, Electrostatic and Bonding Requirements. 

5.4.10 CONTAMINATION ENVIRONMENT 

5.4.10.1 DUST 
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5.5 VERIFICATION, VEHICLE/MODULE TO SMALL RECEPTACLE INTERFACE 

 

5.6 SPECIFIC SMALL ORU PLATFORM INTERFACES 

5.6.1 ISS WEDGE MATING INTERFACE (ISS-WMI) 

5.6.1.1 GENERAL 

The ISS Wedge Mating Interface (ISS-WMI) is a robotics interface suitable for use as a 
platform for small ORUs.  The ISS-WMI allows for removal and replacement of payloads 
on orbit and can be used to secure payloads for launch.  The ISS-WMI is a mass 
optimized version of the same size and load capacity as the WMIs that are currently 
deployed on the ISS and used for ORUs such as the MSS Camera Light Pan-Tilt 

Assemblies (CLPAs).  The mating surface geometry is backwards compatible with those 
on ISS and the electrical interface is based on the planned IDA3 tech demo WMIs that 
can facilitate redeployment of tech demo ORUs or payloads from the ISS to the DSG.  

If the mass of the ISS-WMI assembly is large w.r.t. the planned ORU or payload to be 
installed the reader is referred to Section 5.6.2 for the family of smaller yet interoperable 
reduced load WMIs.   

5.6.1.1.1 INTERFACE DESCRIPTION 

The platform assembly (male wedge) is inserted fully into the platform receptacle 
(female bracket) via EVR or EVA.  A tie-down bolt is actuated to secure the payload and 
connect the electrical worksite connector, if present.  The wedge platform assembly is 
shown in Figure 29 below.  The dexterous fixture and tie-down bolt arrangement 
concept shown on the platform assembly is shown for reference. Dexterous fixture is 
TBD and will be based on a dexterous fixture example from Section 7.0.  The EE 
umbilical connector is not shown in the figure. Targets will be covered separately.   
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FIGURE 29 ISS WEDGE MATING INTERFACE (ISS-WMI) 
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5.6.1.1.2 INTERFACE FUNCTIONS 

The ISS-WMI is a structural interface to support mating of an ORU to a vehicle/module.  
It features 

1. Angled engagement surfaces which align the platform assembly (wedge) and 
platform receptacle features during mating 

2. Optional blindmate connectors for providing access to electrical services (power, 
data, and video as desired) between a payload and the vehicle/module when 
mated. 

3. Optional umbilical connectors for providing access to electrical services (power, 
data, video) from the manipulator when grasped. 

4. Alignment targets to support situational awareness during mate/demate 
operations. 

5. Optional magnetic soft dock capability for EVA operations. 

5.6.1.2 REQUIREMENTS 

5.6.1.2.1 COORDINATE SYSTEMS 

The WMI Platform (WMIP) and WMI Receptacle (WMIR) Coordinate Systems are 
defined in Figure 30 and Figure 31.  Dexterous fixture and tie-down bolt arrangement 
concept shown are for reference and are TBD. 

Rationale: For consistency, the WMIP and WMIR coordinate systems are nominally 

aligned with the standard operations coordinate system (3.1.3).  These frames are also 

aligned with the common SPM coordinate system (5.2.1) and the common SRM 
coordinate system (5.4.1) when mated. 
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FIGURE 30 WMI PLATFORM COORDINATE SYSTEM 

TABLE 5-3 WMI PLATFORM COORDINATE SYSTEM DESCRIPTION 

Name Symbol Position Orientation Purpose 

Wedge 
Mating 
Interface 
Platform 
Coordinate 
System 

XWMIP, 
YWMIP, 
ZWMIP 

Geometric 
center  of 
tie-down 
bolt at the 
receptacle-
platform 
interface 
plane 

+XWMIP: Aligned in the 
mate direction with the 
receptacle 
 
+YWMIP: Completes the 
right-handed coordinate 
system 
 
+ZWMIP: Perpendicular to 
XWMIP and directed from 
Origin into the payload.  . 

Description of 
ISS-WMI platform 
mate/demate 
interface. 
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FIGURE 31 WMI RECEPTACLE COORDINATE SYSTEM 

TABLE 5-4 WMI RECEPTACLE COORDINATE SYSTEM DESCRIPTION 

Name Symbol Position Orientation Purpose 

Wedge 
Mating 
Interface 
Receptacle 
Coordinate 
System 

XWMIR, 
YWMIR, 
ZWMIR 

Geometric 
center of 
Center of 
Tie-Down 
bolt 
interface at 
the 
receptacle-
platform 
interface 
plane 

+XWMIR: Aligned in the 
mate direction with the 
receptacle 
 
+YWMIR: Completes the 
right-handed coordinate 
system 
 
+ZWMIR: Perpendicular to 
XWMIP and directed from 
Origin into the payload.  . 

Description of 
ISS-WMI 
receptacle 
mate/demate 
interface. 

 

The relative alignment of ISS-WMI coordinate systems is shown in Figure 32.  The 
following coordinate systems are aligned when the ISS-WMI nominally mated. 

1. FWMIP:  WMI Platform (WMIP) coordinate system (Figure 30) 

2. FWMIR: WMI Receptacle (WMIR) coordinate system (Figure 31) 

3. FSPM: Small Platform Mounting (SPM) coordinate system (Figure 25) 

4. FSRM: Small Receptacle Mounting (SRM) coordinate system (Figure 27) 

YWMIR 

 

ZWMIR 

 

XWMIR 
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5. FDFM: Dexterous Fixture (DFM) coordinate system (TBC) 

 

FIGURE 32: ISS-WMI COORDINATE SYSTEM SUMMARY 

 

5.6.1.2.2 ENVELOPES 

 

The generic manipulator approach envelope to the small platform is defined in Figure 
33.  Specific values for the small platform approach envelope are provided based on 
design estimates for the TBD dexterous end-effector.  The approach envelope shall be 
kept clear of intrusions. Intrusions into the approach envelope’s keep out zone may 
result in impact and contact loads with the manipulator during operations.  The 
approach envelope is centered on the centerline of the dexterous grasp fixture mounted 
on the small platform as indicated in Figure 29..  

Rationale: The current envelope is based on the conceptual design for the dexterous 
end-effector and makes assumptions regarding the dexterous fixture type. Dexterous 
fixture type selection trade is to be determined <TBD 5-2>.  Details are subject to 
change as design evolves. 
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Envelope  
Ø Da Ø Dg Ø Dα H α β 

mm mm mm mm deg deg 

Approach to static 
dexterous grasp 
fixture  

400 230 330 275 35 80 

Notes:  
1. Derived from conceptual designs for dexterous end-effector.  Based on 

assumptions for selected type of dexterous fixture (TBD).  Dexterous fixture 
concept shown in image for reference only. Dexterous fixture not to scale. 

2. User Stay-out Zone (a.k.a. Clearance Volume) is centered on the centerline (X-
axis) of the dexterous grapple fixture 

3. Encroachment into these envelopes is by waiver only.  

4. Clearances required beyond dimension “H” from attachment plane will be 
dependent on the User and the required manipulator configuration. 

5. The approach envelopes are based off of nominal position tolerancing of the 
manipulator and do not account for manipulator runaway.  

6. Hardware Clearance Envelope is a function of the EE and not dependant on the 
fixture 
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FIGURE 33 SMALL ORU PLATFORM APPROACH ENVELOPE 

 

5.6.1.2.3 MECHANICAL INTERFACE 

5.6.1.2.3.1 PLATFORM MOUNTING INTERFACE 

The ORU mounting interface to the ISS-WMI platform is defined in Figure 34. 

 

FIGURE 34 ORU MOUNTING INTERFACE TO ISS-WMI 

  

Note: 

All linear dimensions are in inches 
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5.6.1.2.3.2 PLATFORM MOUNTING FASTENERS 

Bolt joint configuration for mounting a payload on the Small Platform is shown in Figure 
35. Fasteners shall have a minimum ultimate tensile strength (UTS) of 180 KSI <TBR 5-
2>. 

Rationale: Based on existing Wedge Mating Interface receptacle design from ISS. 

PLATFORM SIDEORU SIDE

5

TO BE CONVERTED TO METRIC

 

FIGURE 35 VIEW OF ASSEMBLED OF THE SMALL PLATFORM INTERFACE AND 
PAYLOAD 

  

Note: 

All linear dimensions are in inches 
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5.6.1.2.3.3 RECEPTACLE MOUNTING INTERFACE 

The ISS-WMI receptacle mounting interface to the vehicle is defined in Figure 36. 

 

FIGURE 36 VEHICLE MOUNTING INTERFACE TO ISS-WMI 

  

TO BE CONVERTED TO METRIC 

Note: 

All linear dimensions are in inches 
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5.6.1.2.3.4 RECEPTACLE MOUNTING FASTENERS 

Mounting interface joint configuration of the small receptacle is shown in Figure 37. 
Fasteners shall have a minimum UTS of 160 KSI <TBR 5-3>. 

Rationale: Based on existing Wedge Mating Interface receptacle design from ISS. 

 

VEHICLE SIDERECEPTACLE SIDE

18

TO BE CONVERTED TO METRIC

 

FIGURE 37 SMALL RECEPTACLE BOLTED ON A VEHICLE 

5.6.1.2.4 STRUCTURAL INTERFACE 

5.6.1.2.4.1 PAYLOAD MASS CAPACITIES 

The payload mass capacities of the ISS-WMI as a function of the environment are 
specified in Table 5-5  <TBR 5-6>.  Mass capacities listed are not to be exceeded. 

Rationale: Payload capacities are derived from the maximum loads that the interface 

can experience. Payloads that are launched will experience significantly higher 
acceleration and vibration environments than interfaces that are installed and handled 
on-orbit.  The Center of Gravity (CG) offset is measured relative to the ORU mounting 
interface of the WMI platform assembly.   

TABLE 5-5 PAYLOAD MASS CAPACITIES OF THE ISS-WMI INTERFACE 

Environment ISS-WMI P/L Capacity 

Launch 25 kg with 0.15 m CG (TBR) 

On Station 288 kg with 1.0 m CG (TBR) 

 

Note: 

All linear dimensions are in inches 
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5.6.1.2.4.2 MOUNTING INTERFACE LOADS 

When the platform assembly is secured in a mounting receptacle it can withstand a 
bending moment of up to 565 Nm and forces of up to 556 N in any axis. 

Rationale:  Based on ISS heritage. 

5.6.1.2.4.3 IMPACT LOADS 

The contact surfaces for the platform assembly and mounting receptacle are rated for 1 
joule impact loads and 222 N contact loads. 

Rationale: ISS-WMI ratings are based on heritage requirements from ISS program.  The 
values describe expected contact loads with a dexterous manipulator. 
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5.6.1.2.4.4 STIFFNESS 

The effective stiffness for both the platform assembly (between the 6-bolt payload 
interface and the dexterous fixture) as well as the mated platform assembly into the 
platform receptacle (between the 6-bolt payload interface and the 4-bolt worksite 
interface) are specified in Table 5-6. 

Rationale: The ISS-WMI ranges are based on experimental data where only the lowest 

eigenvalues are reported. This data is intended to be used for resonance analysis by 
the User for when a payload is attached. 

TABLE 5-6 ISS-WMI EFFECTIVE STIFFNESS 

Assembly Translational Stiffness Rotational Stiffness 

Grasped Platform Assembly 

(6-Bolt to Micro-Fixture) 

33.047E+07 N/m 99.705E+04 Nm/rad 

Mated Platform Assembly to 
Receptacle (6-Bolt to 4-Bolt) 

22.61E+07 N/m 2.5E587E+05 Nm/rad 

 

5.6.1.2.5 MASS 

Mass ranges for the ISS-WMI assemblies are specified Table 5-7. 

Rationale:  ISS-WMI ranges are based on various combinations of target and connector 
configurations. 

TABLE 5-7 ISS-WMI MASS RANGES 

Assembly Mass 

ISS-WMI 
Receptacle 

4.2-5.0 kg 

ISS-WMI Platform 3.9-5.1 kg 

 

5.6.1.2.6 ELECTRICAL INTERFACE 

5.6.1.2.6.1 BLINDMATE CONNECTORS 

The Small Platform Interface shall utilize blind mate connectors for dexterous robot 
manipulated Payload hardware such that they are connected automatically during the 
insertion process and disconnected automatically during removal. 

Rationale: Based on ISS heritage  

 



IERIS Draft Release Copy 

February 2018 

Verify this is the current version before use 5-22 

5.6.1.2.6.2 ELECTRICAL CONNECTORS 

The electrical interface functions provided by the optional worksite connector are 
illustrated in Figure 38.  The pin layout for a generic payload is defined in Figure 39. The 
specifications of the each of the 72 pins are detailed in Table 5-9.  40 out of 72 pins 
listed are designated for use by a generic user. These assigned pins are based on 
projected service requirements for a typical generic user. 

The generic services package includes 

 Three distinct communications wiring groups to support different communication 
standards (e.g. Ethernet, SpaceWire, MIL1553, etc.) 

 Power lines at 126V or less 

 Three discrete pairs to provide direct lines to the payload.   

Non-designated spins are reserved for future TBD services that can be assigned to 
payloads requiring additional functionality. 

Configurations are TBC pending the finalization or the DSG International Avionics 
System Interoperability Standards [AD-01] and International Power System 
Interoperability Standards [AD-03] standards.  One of the power line pairs can be 
assigned a lower voltage if that becomes available on DSG. 

 

TABLE 5-8 ISS-WMI ELECTRICAL INTERFACE PARAMETERS <TBR 5-7> 

Function1 

Operating 
Current 

(Amps) 

Interface Voltage 
(volts) 

Operating 
Power (kW) 

Wire Type 
# of 

Wires 

Payload Power 0 to 3.0 (TBR) 

120 (TBR)  

(current 
dependent) 

 

360 W (TBR) 
22 AWG Wires 
(TBR) 

2 (TBR) 

Payload Power 
Return 

0 to 3.0 (TBR) 

120 (TBR)  

(current 
dependent) 

360 W (TBR) 
22 AWG Wires 
(TBR) 

2 (TBR) 

NOTES: 
1. These functions are available on 3 power line pairs so as to provide up to 1.08 kW. 

2. Payload Power is intended for use by payloads installed on ISS-WMI interfaces. 



IERIS Draft Release Copy 

February 2018 

Verify this is the current version before use 5-23 

WMI-m CONNECTOR
Comm A Pin1  - 10
Comm A Pin 2 - 11

WMI-m Cable Assembly USER
(Payload)

To USER

(Connections 
Optional)

Shielded wire pair

Twisted wire pair

Legend:

24 AWGComm A Pin 3 – 28
Comm A Pin 6 - 29

Comm A Pin 4 - 46
Comm A Pin 5 - 47

24 AWGComm A Pin 7 - 63
Comm A Pin 8 - 64 

Comm B Pin 1 - 3
Comm B Pin 2 - 4

 

Generic User Pair 1 - 13
Generic User Pair 1 - 32

22 AWG

Power C + -52 
Power C -  -69 

Mated  -  38
Mated return - 65

22 AWG

Comm B Pin 3 - 21
Comm B Pin 6 – 22

Comm B Pin 4 - 39
Comm B Pin 5 - 40

Comm B Pin 7 - 56
Comm B Pin 8– 57

Comm C Center -  61
Comm C Ring  - 62

22 AWGComm D Center - 12
Comm D Ring -31

22 AWG

22 AWGGeneric User Pair 2 - 50
Generic User Pair 2 - 67

Generic User Pair 3 - 51
Generic User Pair 3 - 68

22 AWG

22 AWG
22 AWG

Power A + -53 
Power A -  -70 

Power B + -17 
Power B -  -18 22 AWG

Chassis - 35 
Ground -72

24 AWG

24 AWG

22 AWG
22 AWG

22 AWG

24 AWG

24 AWG

24 AWG

24 AWG

 

FIGURE 38 SERVICES PROVIDED TO USER BY THE GENERIC ELECTRICAL 
CONNECTOR 
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FIGURE 39 PIN LAYOUT FOR GENERIC PAYLOAD 

TABLE 5-9 PROPOSED PINOUT FOR GENERIC USER PAYLOAD 

Signal Name Pin 
# 

Description Wire 
Gauge 

Type Max 
Current 

COMM B DA+ 3 
Communication B -> 4  
(Ethernet DA+) 24 awg 

Twisted wire pair, overall shielded 
for the 4 pair bundle 2.3A  

COMM B DA- 4 
Communication B -> 3 
(Ethernet DA-) 24 awg 

Twisted wire pair, overall shielded 
for the 4 pair bundle 2.3A  

COMM A DA+ 10 
Communication A ->11 
(Ethernet DA+) 24 awg 

Twisted wire pair, overall shielded 
for the 4 pair bundle 2.3A  

COMM A DA- 11 
Communication A ->10 
(Ethernet DA-) 24 awg 

Twisted wire pair, overall shielded 
for the 4 pair bundle 2.3A  

Comm D 
Centre 12 

Communication D -> 31 
(MIL-1553B Center) 24 awg Shielded Twisted wire pair 2.3A  

Generic User 
def. 1 13 

Generic User Defined 
Pair 1 -> 32 22 awg Shielded Twisted wire pair 3.0A  

Power B+ 17 Power B Positive -> 18 22 awg Twisted wire pair 3.0A 

Power B - 18 Power B Return -> 17 22 awg Twisted wire pair 3.0A 

COMM B DB+ 21 
Communication B ->22 
(Ethernet DB+) 24 awg 

Twisted wire pair, overall shielded 
for the 4 pair bundle 2.3A  

COMM B DB- 22 
Communication B  ->21 
(Ethernet DB-) 24 awg 

Twisted wire pair, overall shielded 
for the 4 pair bundle 2.3A  

COMM A DB+ 28 
Communication A  ->29 
(Ethernet DB+) 24 awg 

Twisted wire pair, overall shielded 
for the 4 pair bundle 2.3A  
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COMM A DB- 29 
Communication A ->28 
(Ethernet DB-) 24 awg 

Twisted wire pair, overall shielded 
for the 4 pair bundle 2.3A  

Comm D Ring 31 
Communication D  -> 12 
(MIL-1553B Ring) 24 awg Shielded Twisted wire pair 2.3A  

Generic User 
def. 1 32 

Generic User Defined 
Pair 1 -> 13 22 awg Shielded Twisted wire pair 3.0A  

Chassis 35 Chassis Ground  22 awg Single wire 0 

Mated 
Loopback 38 Mated Loopback -> 65 22 awg Single wire 0 

COMM B DC+ 39 
Communication B ->40 
(Ethernet DC+) 24 awg 

Twisted wire pair, overall shielded 
for the 4 pair bundle 2.3A  

COMM B DC- 40 
Communication B ->39 
(Ethernet DC-) 24 awg 

Twisted wire pair, overall shielded 
for the 4 pair bundle 2.3A  

COMM A DC+ 46 
Communication A  ->47 
(Ethernet DC+) 24 awg 

Twisted wire pair, overall shielded 
for the 4 pair bundle 2.3A  

COMM A DC- 47 
Communication A ->46 
(Ethernet DC-) 24 awg 

Twisted wire pair, overall shielded 
for the 4 pair bundle 2.3A  

Generic User 
def. 2 50 

Generic User Defined 
Pair 2 -> 67 22 awg Shielded Twisted wire pair 3.0A  

Generic User 
def. 3 51 

Generic User Defined 
Pair 3 -> 68 22 awg Shielded Twisted wire pair 3.0A  

Power C + 52 Power C  Positive -> 69 22 awg Twisted wire pair 3.0A  

Power A + 53 Power A Positive -> 70 22 awg Twisted wire pair 3.0A  

COMM B DD+ 56 
Communication B  ->57 
(Ethernet DD+) 24 awg 

Twisted wire pair, overall shielded 
for the 4 pair bundle 2.3A  

COMM B DD- 57 
Communication B  ->56 
(Ethernet DD-) 24 awg 

Twisted wire pair, overall shielded 
for the 4 pair bundle 2.3A  

Comm C Centre 61 
Communication C  -> 62 
(MIL-1553 Center) 24 awg Shielded Twisted wire pair 2.3A  

Comm C Ring 62 
Communication C -> 61 
(MIL-1553 Ring) 24 awg Shielded Twisted wire pair 2.3A  

COMM A DD+ 63 
Communication A ->64 
(Ethernet DD+) 24 awg 

Twisted wire pair, overall shielded 
for the 4 pair bundle 2.3A  

COMM A DD- 64 
Communication A ->63 
(Ethernet DD-) 24 awg 

Twisted wire pair, overall shielded 
for the 4 pair bundle 2.3A  

Mated 
Loopback 65 Mated Loopback -> 38 22 awg Single wire 0 

Generic User 
def. 2 67 

Generic User Defined 
Pair 5 -> 50 22 awg Shielded Twisted wire pair 3.0A  

Generic User 
def. 3 68 

Generic User Defined 
Pair 3-> 51 22 awg Shielded Twisted wire pair 3.0A  

Power C - 69 Power C Return -> 52 22 awg Twisted wire pair 3.0A  

Power A - 70 Power A Return -> 53 22 awg Twisted wire pair 3.0A  

Ground 72 Chassis Ground  22 awg Single wire 0 

* The wires and connector pins are certified for 600V     
Unlisted pins are reserved and should not be used    
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5.6.1.2.7 TARGET 

Targets are required for robotic grasping of the dexterous fixture on the platform wedge.  
Two types of targets are supported. 

1. Platform mounted targets:  Used for alignment during robotic grasping of the 
platform dexterous fixture. 

2. Receptacle leave behind targets:  Can be used for grasping the ISS-WMI 
dexterous fixture and for alignment during insertion of the platform to the 
receptacle. 

5.6.1.2.8 POWER INTERFACE 

5.6.1.2.8.1 POWER QUALITY 

The interface power quality shall be in accordance with the ISPSIS Power Standards. 

5.6.1.2.8.2 FAULT PROTECTION 

The ISS-WMI itself does not contain fault protection.  All ISS-WMI internal connections 
are pass through wiring. 

5.6.1.2.8.3 ELECTRICAL CONNECTOR DEADFACING 

 

5.6.1.2.9 DATA INTERFACE 

 

5.6.1.2.10 VIDEO INTERFACE 

 

5.6.1.2.11 THERMAL INTERFACE 

The operating temperature range of the ISS-WMI assembly is -67°F (-55°C) minimum 
and 140°F (+60°C) maximum <TBR 5-8>  

Rationale: The ISS heritage WMI thermal interface is based on an SSRMS component, 
which was designed in accordance with the ISS natural environment thermal 
requirements.  Operating range will need to be updated to reflect the lunar orbit natural 
environment for DSG.  

5.6.1.2.12 ELECTROMAGNETIC ENVIRONMENT 

 

5.6.1.2.13 GROUND PATH 
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5.6.1.2.14 CONTAMINATION ENVIRONMENT 

5.6.1.2.14.1 DUST 

 

5.6.1.3 VERIFICATION 

5.6.2 REDUCED LOAD WEDGE MATING INTERFACE (WMI-) 

5.6.2.1 GENERAL 

The Wedge Mating Interface (WMI) is a family of reduced load robotics interfaces 
suitable for use as a platform for small ORUs, allowing for removal and replacement of 
payloads on orbit and can be used to secure payloads for launch.  The design for this 
interface family is a reduced size version of the ISS-WMI.  

The WMI comes in two versions WMI-medium and WMI-small, which are optimized for 
reduced load carrying capabilities. Medium and small designations are placeholders, 
and may be replaced with payload capacity dash numbers in a future update. Note that 
these WMI-medium and WMI-small interfaces are interoperable and swappable, but are 
not interoperable with the larger and more load capable ISS-WMI defined in Section 
5.6.1.  Note that the Common Mounting Interface requirements described in Section 5.4 
support all WMI types. 

5.6.2.1.1 INTERFACE FUNCTIONS 

The WMI-medium and WMI-small interfaces are mass optimized for payloads with 
reduced mass and/or load requirements as compared to ISS-WMI payloads.  
Furthermore, the WMI-small is intended for on-orbit use only, and will nominally be 
launched without a payload.  This permits a highly mass optimized small platform 
interface for use on orbit that is not required to support a payload under launch loads.  
These interfaces are compatible with the inner common bolt hole arrangement detailed 
in Figure 28. 
 
The platform assembly (male wedge) is inserted fully into the platform receptacle 
(female bracket) via EVR or EVA.  A tie-down bolt is actuated to secure the payload and 
connect the electrical worksite connector, if present.  A conceptual model of the WMI-
medium/WMI-small wedge platform assembly is shown in Figure 40. The platform 
design for WMI-small is similar to the WMI-medium but with additional mass 
optimization.  The dexterous fixture and tie-down bolt arrangement concept shown on 
the platform assembly is included for reference. Dexterous fixture is TBD and will be 
documented in Section 7.0.  Targets will be covered separately.   
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FIGURE 40 WMI-MEDIUM & WMI-SMALL CONCEPT  

 

5.6.2.1.2 INTERFACE FUNCTIONS 

The functions and features of WMI-medium/WMI-small are similar to those of the ISS-
WMI. However, the on-station and launch load capacities of WMI are reduced to permit 
for the mass-optimized interface.  Interface functions are as per Section5.6.1.1.2. 

 

5.6.2.2 REQUIREMENTS 

5.6.2.2.1 COORDINATE SYSTEMS 

Coordinate systems for the WMI-medium and WMI-small versions will be defined as per 
Section 5.6.1.2.1.  WMIP and WMIR frames will be located at the geometric center of 
the Tie-Down bolt interface for the reduced size platform and receptacle hardware. 

 

5.6.2.2.2 ENVELOPES 

The generic manipulator approach envelope to the small platform is defined as per 
Section 5.6.1.2.2.  Specific values for the small platform approach envelope are 
provided based on design estimates for the TBD dexterous end-effector. 

 

5.6.2.2.3 MECHANICAL INTERFACE 

5.6.2.2.3.1 PLATFORM MOUNTING INTERFACE 
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5.6.2.2.3.2 PLATFORM MOUNTING FASTENERS 

 

5.6.2.2.3.3 RECEPTACLE MOUNTING INTERFACE 

 

5.6.2.2.3.4 RECEPTACLE MOUNTING FASTENERS 

 

5.6.2.2.4 STRUCTURAL INTERFACE 

5.6.2.2.4.1 PAYLOAD MASS CAPACITIES 

 

The payload mass capacities of the interfaces as a function of the environment are 
specified in Table 5-10<TBR 5-6>. Mass capacities listed are not to be exceeded. 

Rationale: Payload capacities are derived from the maximum loads that the interface 
can experience. Payloads that are launched will experience significantly higher 

acceleration and vibration environments than interfaces that are installed and handled 
on-orbit.  The Center of Gravity (CG) offset is measured relative to the ORU mounting 
interface of the WMI platform assembly.   

TABLE 5-10 PAYLOAD MASS CAPACITIES OF THE WMI INTERFACE 

Environment WMI-small P/L Capacity WMI-medium P/L Capacity 

Launch 7 kg with 0.1 m CG (TBR) 12 kg with 0.13 m CG (TBR) 

On Station 50 kg with 1.0 m CG (TBR) 150 kg with 0.8 m CG (TBR) 

 

5.6.2.2.4.2 MOUNTING INTERFACE LOADS 

 

5.6.2.2.4.3 IMPACT LOADS 

 

5.6.2.2.4.4 STIFFNESS 

 

5.6.2.2.5 MASS 

Mass ranges for the reduced loads WMI assemblies are specified in Table 5-11. 

Rationale:  WMI mass is reduced based due to volumetric reduction of hardware 
relative to ISS-WMI.  Actual component masses are to be determined <TBD 5-3>.  
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TABLE 5-11 WMI MASS RANGES 

Assembly 
WMI-small Mass 

(kg) 
WMI-medium Mass 

(kg) 

WMI Receptacle TBD TBD 

WMI Platform TBD TBD 

 

5.6.2.2.6 ELECTRICAL INTERFACE 

 

Electrical Interface details are defined as per Section 5.6.1.2.6 

 

5.6.2.2.6.1 ELECTRICAL CONNECTORS 

5.6.2.2.7 TARGET 

Reduced load WMI targets are defined as per Section 5.6.1.2.7. 

5.6.2.2.8 POWER INTERFACE 

5.6.2.2.8.1 POWER QUALITY 

5.6.2.2.8.2 THE INTERFACE POWER QUALITY SHALL BE IN ACCORDANCE WITH THE 

ISPSIS POWER STANDARDS FAULT PROTECTION 

Fault protection requirements are 

5.6.2.2.8.3 ELECTRICAL CONNECTOR DEADFACING 

 

5.6.2.2.9 DATA INTERFACE 

 

5.6.2.2.10 VIDEO INTERFACE 

 

5.6.2.2.11 THERMAL INTERFACE 

Reduced loads WMI assemblies will be designed to have identical thermal interface 
ranges as the ISS-WMI and are defined as per Section 5.6.1.2.11 

 

5.6.2.2.12 ELECTROMAGNETIC ENVIRONMENT 
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5.6.2.2.13 GROUND PATH 

 

5.6.2.2.14 CONTAMINATION ENVIRONMENT 

5.6.2.2.14.1 DUST 

 

5.6.2.3 VERIFICATION 

 

 

5.6.3 DUST TOLERANT PLATFORM 

5.6.3.1 GENERAL 

The Dust Tolerant Platform (DTP) is a robotics interface suitable for use as a platform 
for small ORUs that have been exposed to dust contamination from operations such as 
surface missions.  The DTP allows for the handling, removal and replacement of 
payloads that may have been contaminated with surface dust and regolith. 

5.6.3.1.1 INTERFACE DESCRIPTION 

 

5.6.3.1.2 INTERFACE FUNCTIONS 

 

5.6.3.2 REQUIREMENTS 

5.6.3.2.1 COORDINATE SYSTEMS 

 

5.6.3.2.2 ENVELOPES 

 

5.6.3.2.3 MECHANICAL INTERFACE 

5.6.3.2.3.1 PLATFORM MOUNTING INTERFACE 

 

5.6.3.2.3.2 PLATFORM MOUNTING FASTENERS 

 

5.6.3.2.3.3 RECEPTACLE MOUNTING INTERFACE 
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5.6.3.2.3.4 RECEPTACLE MOUNTING FASTENERS 

 

5.6.3.2.4 STRUCTURAL INTERFACE 

5.6.3.2.4.1 MOUNTING INTERFACE LOADS 

 

5.6.3.2.4.2 IMPACT LOADS 

 

5.6.3.2.4.3 STIFFNESS 

 

5.6.3.2.5 MASS 

 

5.6.3.2.6 ELECTRICAL INTERFACE 

5.6.3.2.6.1 ELECTRICAL CONNECTORS 

 

5.6.3.2.7 TARGET 

 

5.6.3.2.8 POWER INTERFACE 

5.6.3.2.8.1 POWER QUALITY 

 

5.6.3.2.8.2 FAULT PROTECTION 

 

5.6.3.2.8.3 ELECTRICAL CONNECTOR DEADFACING 

 

5.6.3.2.9 DATA INTERFACE 

 

5.6.3.2.10 VIDEO INTERFACE 

 

5.6.3.2.11 THERMAL INTERFACE 
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5.6.3.2.12 ELECTROMAGNETIC ENVIRONMENT 

 

5.6.3.2.13 GROUND PATH 

 

5.6.3.2.14 CONTAMINATION ENVIRONMENT 

5.6.3.2.14.1 DUST 

 

5.6.3.3 VERIFICATION 

 

 

 

5.6.4 FLUID TRANSFER PLATFORM 

5.6.4.1 GENERAL 

The Fluid Transfer Platform (FTP) is a robotics interface suitable for use as a platform 
for small ORUs that are required to provide fluid transfer.  The FTP allows for the 
handling, removal and replacement of payloads, which require to transfer fluid such as 
coolant. 

5.6.4.1.1 INTERFACE DESCRIPTION 

 

5.6.4.1.2 INTERFACE FUNCTIONS 

 

5.6.4.2 REQUIREMENTS 

5.6.4.2.1 COORDINATE SYSTEMS 

 

5.6.4.2.2 ENVELOPES 

 

5.6.4.2.3 MECHANICAL INTERFACE 

5.6.4.2.3.1 PLATFORM MOUNTING INTERFACE 
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5.6.4.2.3.2 PLATFORM MOUNTING FASTENERS 

 

5.6.4.2.3.3 RECEPTACLE MOUNTING INTERFACE 

 

5.6.4.2.3.4 RECEPTACLE MOUNTING FASTENERS 

 

5.6.4.2.4 STRUCTURAL INTERFACE 

5.6.4.2.4.1 MOUNTING INTERFACE LOADS 

 

5.6.4.2.4.2 IMPACT LOADS 

 

5.6.4.2.4.3 STIFFNESS 

 

5.6.4.2.5 MASS 

 

5.6.4.2.6 ELECTRICAL INTERFACE 

5.6.4.2.6.1 ELECTRICAL CONNECTORS 

 

5.6.4.2.7 TARGET 

 

5.6.4.2.8 POWER INTERFACE 

5.6.4.2.8.1 POWER QUALITY 

 

5.6.4.2.8.2 FAULT PROTECTION 

 

5.6.4.2.8.3 ELECTRICAL CONNECTOR DEADFACING 

 

5.6.4.2.9 DATA INTERFACE 
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5.6.4.2.10 VIDEO INTERFACE 

 

5.6.4.2.11 THERMAL INTERFACE 

 

5.6.4.2.12 ELECTROMAGNETIC ENVIRONMENT 

 

5.6.4.2.13 GROUND PATH 

 

5.6.4.2.14 CONTAMINATION ENVIRONMENT 

5.6.4.2.14.1 DUST 

 

5.6.4.3 VERIFICATION 
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 LARGE ORU PLATFORM INTERFACE 

TBD 

6.1 GENERAL 

6.1.1 INTERFACE DESCRIPTION 

 

6.1.2 INTERFACE FUNCTIONS 

 

6.2 REQUIRMENTS, ORU TO LARGE PLATFORM INTERFACE 

6.2.1 COORDINATE SYSTEMS 

 

6.2.2 ENVELOPES 

6.2.2.1 PAYLOAD ON ORBIT ENVELOPE 

 

6.2.2.2 EVA STAYOUT ZONES 

 

6.2.3 MECHANICAL INTERFACE 

6.2.3.1 MOUNTING BOLT HOLE PATTERNS 

 

6.2.3.2 FASTENERS 

 

6.2.4 STRUCTURAL INTERFACE 

6.2.4.1 PAYLOAD MASS AND CG CAPABILITIES 

 

6.2.4.2 OPERATIONAL LOADS 

6.2.4.2.1 FUNDAMENTAL FREQUENCY 

 

6.2.4.3 ON ORBIT LOADS 
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6.2.4.4 DEFLECTION 

 

6.2.4.5 WEIGHT 

 

6.2.5 ELECTRICAL INTERFACE 

6.2.5.1 ELECTRICAL CONNECTORS 

 

6.2.6 POWER INTERFACE 

6.2.6.1 POWER QUALITY 

 

6.2.7 THERMAL INTERFACE 

 

6.2.8 ELECTROMAGNETIC ENVIRONMENT 

 

6.3 VERIFICATION, ORU TO LARGE PLATFORM INTERFACE 

 

6.4 REQUIRMENTS, VEHICLE/MODULE TO LARGE RECEPTACLE INTERFACE 

6.4.1 COORDINATE SYSTEMS 

 

6.4.2 ENVELOPES 

6.4.2.1 PAYLOAD ON-ORBIT ENVELOPE 

 

6.4.2.2 EVA STAYOUT ZONES 

 

6.4.3 MECHANICAL INTERFACE 

6.4.3.1 MOUNTING BOLT HOLE PATTERNS 

 

6.4.3.2 FASTENERS 
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6.4.4 STRUCTURAL INTERFACE 

6.4.4.1 PAYLOAD MASS AND CG CAPACITIES 

 

6.4.4.2 OPERATIONAL LOADS 

6.4.4.2.1 FUNDAMENTAL FREQUENCY 

 

6.4.4.3 ON-ORBIT LOADS 

 

6.4.4.4 DEFLECTION 

 

6.4.4.5 WEIGHT 

 

6.4.5 ELECTRICAL INTERFACE 

6.4.5.1 ELECTRICAL CONNECTORS 

 

6.4.6 POWER INTERFACE 

6.4.6.1 POWER QUALITY 

 

6.4.7 THERMAL INTERFACE 

 

6.4.8 ELECTROMAGNETIC ENVIRONMENT 

 

6.4.9 CONTAMINATION ENVIRONMENT 

 

6.5 VERIFICATION, VEHICLE/MODULE TO LARGE RECEPTACLE INTERFACE 
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 DEXTEROUS FIXTURE INTERFACE 

7.1 GENERAL 

The dexterous fixture interface class is comprised of fixtures that support the robotic 
handling of smaller payloads, ORUs, and tools.  Dexterous fixtures will also be used as 
the primary robotic interface element on payload interfaces such as the small and large 
platform interface classes defined within this document. 

The dexterous fixture interface family share a dexterous fixture mounting interface plane 
(Figure 4) between the fixture and the user hardware to which the robot will grasp. This 
establishes a standard interface for members of the dexterous interface family. 

Details and requirements pertaining to specific dexterous fixture interface 
implementations are detailed in Section 7.4.  Dexterous fixture implementations will be 
defined for both standard and dust tolerant configurations. 

7.1.1 INTERFACE DESCRIPTION 

The common small fixture mounting interface establishes a generic mounting interface 
standard for these fixtures.  The goal is to provide the hardware designers with the 
simplest possible mounting interface. 

7.1.2 INTERFACE FUNCTIONS 

 

7.2 REQUIREMENTS 

7.2.1 COORDINATE SYSTEMS 

 

7.2.2 ENVELOPES 

 

7.2.3 MECHANICAL INTERFACE 

7.2.3.1 MOUNTING BOLT HOLD PATTERNS 

 

7.2.3.2 FASTENERS 

 

7.2.4 STRUCTURAL INTERFACE 

7.2.4.1 MOUNTING INTERFACE LOADS 

 

7.2.4.2 IMPACT LOADS 
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7.2.4.3 NATURAL FREQUENCY (FOR MANIPULATION) 

 

7.2.4.4 STIFFNESS (FOR STABILIZATION) 

 

7.2.4.5 UMBILICAL MECHANISM MATE LOADS 

 

7.2.4.6 WEIGHT 

 

7.2.5 ELECTRICAL INTERFACE 

7.2.5.1 CONNECTORS 

 

7.2.6 TARGET 

 

7.2.7 POWER INTERFACE 

7.2.7.1 POWER QUALITY 

 

7.2.7.2 FAULT PROTECTION 

 

7.2.7.3 ELECTRICAL CONNECTOR DEADFACING 

 

7.2.8 DATA INTERFACE 

 

7.2.9 VIDEO INTERFACE 

 

7.2.10 THERMAL INTERFACE 

 

7.2.11 ELECTROMAGNETIC ENVIRONMENT 
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7.2.12 CONTAMINATION ENVIRONMENT 

7.2.12.1 DUST 

 

7.3 VERIFICATION 

 

7.4 SPECIFIC DEXTEROUS FIXTURE INTERFACES 

7.4.1 STANDARD DEXTEROUS FIXTURE INTERFACE 

7.4.1.1 GENERAL 

 

7.4.1.2 REQUIREMENTS 

 

7.4.1.3 VERIFICATION 

 

7.4.2 DUST TOLERANT DEXTEROUS FIXTURE INTERFACE 

7.4.2.1 GENERAL 

The Dust Tolerant Dexterous Fixture (DTDF) is a robotics interface suitable for the 
handling of small ORUs or platforms that have been exposed to dust contamination 
from operations such as surface missions.  The DTDF allows for the handling, removal 
and replacement of payloads that may have been contaminated with surface dust and 
regolith. 

7.4.2.2 REQUIREMENTS 

 

7.4.2.3 VERIFICATION 
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 ORU DIRECT INTERFACE 

ORU direct interfaces are currently TBD. 

8.1 GENERAL 

8.1.1 INTERFACE DESCRIPTION 

 

8.1.2 INTERFACE FUNCTIONS 

 

8.2 REQUIREMENTS, ORU TO SPECIFIC MATE/DE-MATE INTERFACE 

8.2.1 COORDINATE SYSTEMS 

 

8.2.2 ENVELOPES 

8.2.2.1 LOCATING 

 

8.2.3 MECHANICAL INTERFACE 

8.2.3.1 MOUNTING BOLT HOLD PATTERNS 

 

8.2.3.2 FASTENERS 

 

8.2.4 STRUCTURAL INTERFACE 

8.2.4.1 PAYLOAD MASS CAPABILITIES (LAUNCH AND ON STATION) 

 

8.2.4.2 IMPACT LOADS 

 

8.2.4.3 BENDING LOADS 

 

8.2.4.4 WEIGHT 
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8.2.5 ELECTRICAL INTERFACE 

8.2.5.1 ELECTRICAL CONNECTORS 

 

8.2.6 TARGET 

 

8.2.7 POWER INTERFACE 

8.2.7.1 POWER QUALITY 

 

8.2.8 DATA INTERFACE 

 

8.2.9 VIDEO INTERFACE 

 

8.2.10 ELECTROMAGNIETIC ENVIRONMENTS 

8.2.10.1 ELECTROMAGNETIC COMPATIBILITY 

 

8.2.10.2 GROUNDING 

 

8.2.10.3 BONDING 

 

8.3 VERIFICATION, ORU TO SPECIFIC MATE/DE-MATE INTERFACE (END) 

 

8.4 REQUIREMENTS, VEHICLE/MODULE TO SPECIFIC RECEPTACLE INTERFACE 

8.4.1 COORDINATE SYSTEMS 

 

8.4.2 ENVELOPES 

8.4.2.1 LOCATING 
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8.4.3 MECHANICAL INTERFACE 

8.4.3.1 MOUNTING BOLT HOLE PATTERNS 

 

8.4.3.2 FASTENERS 

 

8.4.4 STRUCTURAL INTERFACE 

8.4.4.1 BENDING LOADS 

 

8.4.4.2 IMPACT LOADS 

 

8.4.4.3 WEIGHT 

 

8.4.5 ELECTRICAL INTERFACE 

8.4.5.1 ELECTRICAL CONNECTORS 

 

8.4.6 TARGET 

 

8.4.7 POWER INTERFACE 

8.4.7.1 POWER QUALITY 

 

8.4.8 DATA INTERFACE 

 

8.4.9 VIDEO INTERFACE 

 

8.4.10 ELECTROMAGNETIC ENVIRONMENTS 

8.4.10.1 ELECTROMAGNETIC COMPATIBILITY 

 

8.4.10.2 GROUNDING 
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8.4.10.3 BONDING 

 

8.4.11 CONTAMINATION ENVIRONMENT 

8.4.11.1 DUST 

 

8.5 VERIFICATION, VEHICLE/MODULE TO SPECIFIC RECEPTACLE INTERFACE 
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 POSSIBLE FUTURE TOPICS FOR STANDARDIZATION 

TBD 

9.1 HUMAN MACHINE INTERFACE (HMI) 
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 ACRONYMS AND ABBREVIATIONS 

A/L Airlock 
AD Applicable Document 
ATV Automated Transfer Vehicle 

CBM Common Berthing Mechanism 
CDD Concept Description Document 
CS Coordinate System 
CSA Canadian Space Agency 

DSG Deep Space Gateway 
DRM Design Reference Mission 

EE End Effect 
EM Exploration Mission 
ERA European Robotic Arm 
ESA European Space Agency 
EVA Extravehicular Activity 
EVR Extravehicular Robotics 

FF Free Flyer 
FFGF Free Flyer Grapple Fixture 
FSE Flight Support Equipment 

GF Grapple Fixture 

HEOMD Human Exploration and Operations Mission Directorate 

IDD Interface Definition Document 
IDSS International Docking System Standard 
IERIS International External Robotic Interoperability System 
ISS International Space Station 
IVA Intravehicular Activity 

JAXA Japan Aerospace Exploration Agency 

LFM Large Fixture Mounting (Coordinate System) 
LPGF Low Profile Grapple Fixture 

MCB Multilateral Coordination Board 
MMI Man Machine Interface 
MSS Mobile Servicing System 

NASA National Aeronautics and Space Administration 
NSTS NASA Space Transportation System 

ORU On-orbit Relocatable or Replaceable Unit 
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OTCM ORU/Tool Changeout Mechanism (from ISS heritage) 

RD Reference Document 

SPDM Special Purpose Dexterous Manipulator (from ISS heritage) 
SPM Small Platform Mounting (Coordinate System) 
SRM Small Receptacle Mounting (Coordinate System) 
SRMS Shuttle Remote Manipulator System 
SSP Space Station Program 
SSRMS Space Station Remote Manipulator System (from ISS heritage) 

TBC To Be Confirmed 
TBD To Be Determined 
TBR To Be Resolved 

UTS Ultimate Tensile Strength 

WMI Wedge Mating Interface (from ISS heritage) 
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 GLOSSARY 

ALLOCATION 

The portioning of resources and accommodations to the ISS users. Total ISS resources 
and accommodations are allocated between system and utilization. Utilization resources 
and accommodations are allocated between International Partners. 

ASSEMBLY PHASE 

Refers to the time period starting with FEL and ending with the landing of the last flight 
in the assembly sequence. 

CAPTURE 

An operation where a manipulator grasps onto a free-flying vehicle (i.e. a robotic 
interface fixture that is not stationary/rigid with respect to the base of the manipulator). 

CARGO CARRIER 

Element of a transportation vehicle that provides capability to carry cargo. 

GRASP/GRAPPLE 

An operation where a manipulator secures itself onto a robotic interface fixture which is 
stationary/rigid with respect to the base of the manipulator.  Grasp is commonly used for 
smaller interfaces and grapple is commonly used for larger fixtures. 

INTERFACE DEVELOPER 

A party who is involved with the manufacture of external robotics interfaces.  Developer 
level requirements deal with detailed design specifications that are required to ensure 
proper functionality and compatibility of the designed robotics interface. 

INTERFACE USER 

A party who is will directly install an external robotics interface on their hardware.  User 
level requirements deal with specifications pertinent to the mounting and installation 
interface, and not to the detailed design of the external robotic interface components. 

ON-ORBIT REPLACEABLE UNIT (ORU) 

A piece of equipment that is designed for removal and replacement as a unit on orbit by 
either EVA or EVR. 
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 OPEN WORK 

Table C-1 lists the specific To Be Determined (TBD) items in the document that are not 
yet known. The TBD is inserted as a placeholder wherever the required data is needed 
and is formatted in bold type within brackets. The TBD item is numbered based on the 
section where the first occurrence of the item is located as the first digit and a 
consecutive number as the second digit (i.e., <TBD 4-1> is the first undetermined item 
assigned in Section 4 of the document). As each TBD is resolved, the updated text is 
inserted in each place that the TBD appears in the document and the item is removed 
from this table. As new TBD items are assigned, they will be added to this list in 
accordance with the above described numbering scheme. Original TBDs will not be 
renumbered. 

TABLE C-1 TO BE DETERMINED ITEMS 

TBD Section Description 

<TBD 4-2> 4.4.1.1.3 LPGF receptacle connector details are to be determined 

<TBD 4-3> 4.4.2.2.5 Free flyer grapple fixture targets for machine vision compatibility and autonomy are to 
be determined. 

<TBD 5-2> 5.6.1.2.2, 
5.6.2.2.2 

Specific small platform approach envelope values to be determined (dependent on 
dexterous end-effector selection) 

<TBD 5-3> 5.6.2.2.5 WMI-small and WMI-medium masses are to be determined 

 

Table C-2 lists the specific To Be Resolved (TBR) issues in the document that are not 
yet known. The TBR is inserted as a placeholder wherever the required data is needed 
and is formatted in bold type within brackets. The TBR issue is numbered based on the 
section where the first occurrence of the issue is located as the first digit and a 
consecutive number as the second digit (i.e., <TBR 4-1> is the first unresolved issue 
assigned in Section 4 of the document). As each TBR is resolved, the updated text is 
inserted in each place that the TBR appears in the document and the issue is removed 
from this table. As new TBR issues are assigned, they will be added to this list in 
accordance with the above described numbering scheme. Original TBRs will not be 
renumbered. 
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TABLE C-2 TO BE RESOLVED ISSUES 

TBR Section Description 

<TBR 3-1> 3.1.1 To be resolved if direct interfaces for large ORUs are to be included in IERIS 

<TBR 4-2> 4.2.4.1 Common large fixture mounting loads to be resolved 

<TBR 4-4> 4.5.2.2.1 FFGF Impact loads to be resolved 

<TBR 4-5> 4.4.1.2.4.1 LPGF electrical interface services between user and manipulator to be resolved 

<TBR 4-6> 4.4.1.2.4.1 LPGF electrical interface details between user and manipulator to be resolved (max 
power, operating current, voltage range, wire type, and # of wires/contacts) 

<TBR 4-7> 4.2.4.2 Large Fixture user stiffness requirements to be finalized 

<TBR 4-8> 4.4.1.2.3.1 Mass limit of LPGF is to be resolved 

<TBR 5-2> 5.6.1.2.3.2 Platform mounting fastener UTS value is to be resolved 

<TBR 5-3> 5.6.1.2.3.4 Receptacle Mounting fastener UTS value is to be resolved 

<TBR 5-5> 5.4.3.1 Dimensions of reduced size WMI mounting bolt hole patterns to be confirmed 

<TBR 5-6> 5.6.1.2.4.1 

5.6.2.2.4.1 

WMI-MEDIUM, WMI-SMALL payload capacities are to be confirmed 

<TBR 5-7> 5.6.1.2.6.2 ISS-WMI electrical interface details between user and manipulator to be resolved 
(max power, operating current, voltage range, wire type, and # of wires/contacts) 

<TBR 5-8> 5.6.1.2.11 Thermal interface for ISS-WMI to be verified for DSG environment 
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 SYMBOLS DEFINITION 

ω = [ ωХ, ωY, ωZ ]T Angular Velocity Vector 
 

XX  Basic (Theoretical) Dimension 
 

 Between 
 

 
Centerline 
 

 
Circularity 
 

 
Concentricity 
 

 Datum Feature 
 

 Depth / Deep 
 

 Diameter 
 

 Difference 
 

 Dimension in a view that does not show true feature 
shape 
 

 Flatness 
 

 Pitch Angle (relative to Y Axis) 
 

 Position 
 

 Roll Angle (relative to X Axis) 
 

 Spherical Radius 
 

 Yaw Angle (relative to Z Axis) 
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 DEVELOPER LEVEL REQUIREMENTS 

User level requirements comprise the majority of the main body of IERIS, and are of 
primary interest to those who desire to mount an external robotics interface onto 
hardware.  Developer level requirements include detailed design requirements specific 
to instances of external robotic interfaces.  These requirements are of interest to those 
responsible for developing external interfaces, and are more extensive than those of a 
general User. 

Where applicable, external developer level requirement documentation will have been 
referenced in the specific implementation sections of each interface class.  Interfaces 
without sufficient external documentation will have developer level requirements defined 
in the sections below. 

E.1 LARGE FIXTURE INTERFACES DEVELOPER LEVEL REQUIREMENTS 

E.1.1 LOW PROFILE GRAPPLE FIXTURE (LPGF) 

E.1.1.1 ENVELOPES 

 CAPTURE ENVELOPE 

The capture envelope for the LPGF is shown below in Figure 41.  The capture envelope 
represents the volume required for LPGF alignment and engagement.  The clearance 
approach envelope for an LPGF is defined in Section 4.4.1.2.1.1. 

 

FIGURE 41 LPGF CAPTURE ENVELOPE 

Note: 
All linear dimensions in mm 
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E.1.2 FREE FLYER GRAPPLE FIXTURE (FFGF) 

E.1.2.1 ENVELOPES 

 CAPTURE ENVELOPE 

The FFGF shall be capable of being captured and rigidized by the EE with the initial 
misalignments depicted in Figure 42.  The clearance approach envelope for the FFGF is 
defined in Section 4.4.2.2.1.1. 

 

FIGURE 42 FFGF CAPTURE ENVELOPE 

 

E.1.2.2 STRUCTURAL INTERFACE 

 IMPACT LOADS 

The FFGF shall withstand Impact Loads defined in Table E-1and illustrated in Figure E-
1 <TBR 4-4>. 

TABLE E-1 FFGF IMPACT LOAD 

FFGF Component Impact Load Impact Location Impact Direction 

Grapple Shaft 890 N (TBR) Any point on Grapple Buffer up to 20º from +XFFGF  

Cam Arms 831 N (TBR) Any point on outer surface along +XFFGF 

Note: 
All linear dimensions are in mm 
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Abutment Plate 445 N (TBR) Any point on outer surface along +XFFGF 

Grapple Target Plate 445 N (TBR) Any point on outer surface along +XFFGF 

Notes: 
1. For the structural analysis purposes, the impact loads are assumed as static. 

 

FIGURE E-1 GRAPPLE FIXTURE IMPACT LOADS 



IERIS Draft Release Copy 

February 2018 

Verify this is the current version before use E-4 

 CAPTURE LOADS 

During capture, the grapple fixture shall be able to transmit the forces between the End 
Effector and the Payload as defined in Table E-2. 

During its lifetime, the FFGF shall be able to withstand the total number of captures as 
defined in Table E-2. 

TABLE E-2 FFGF TO PAYLOAD OPERATING LOAD LIMITS 

Max. Side Force Max. Axial Force Max. No. of Cycles 

1,423 N 9853 N 150 

3,025 N 9853 N 1 

Total: 151 

Notes: 
1. Side Force is total force applied to Grapple Shaft, at or below Grapple Gam; 

applied in Y-Z plane. 

2. Axial Load is total force applied to Grapple Cam along + XFFGF. 

3. Untested safety factors of 1.25 for yield and 2.0 for ultimate to be used. 

4. For the structural analysis purposes, capture loads to be assumed as static. 

 

E.2 SMALL ORU PLATFORM 

E.2.1 WEDGE MATING INTERFACE (WMI) 

TBD 
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 SUMMARY OF KEY TRADE OFF STUDIES 

Lessons learned from robotic operations on board the International Space Station (ISS) 
and the results of key trade studies have been used to inform the requirements 
developed for this International External Robotic Interoperability Standards. The 
sections below document the key findings of the following trade studies; 

1. Contingency Release Methods – assessment of options for implementing a 
contingency release function at a robot end-effector/grapple fixture interface 

2. Methods for Controlling I/F Loads During Berthing Operations – assessment of 
options for protecting against excessive interface loads during off-nominal robotic 
berthing operations 

3. ORU Style: Platform vs. Direct Handling – assessment of different approaches to 
incorporating robotically compatible interfaces into an ORU. 

F.1 CONTINGENCY RELEASE METHODS 

F.1.1 PURPOSE 

The purpose of the contingency release trade was to compare options for implementing 
a grapple fixture contingency release function in future exploration missions. A 
contingency release function is a backup method of separating a robotic end-effector 
from its grapple fixture in the event that a failure occurs which results in a loss of 
function of its primary and redundant release methods. 

F.1.2 BACKGROUND 

Historically, on the NASA Space Transportation System (NSTS) and the International 
Space Station, the grapple fixture contingency release function has been implemented 
through features on either the active (end-effector) or passive (grapple fixture) side. 

Contingency release methods implemented on the passive side of the interface include, 

 Flight Releasable Grapple Fixture (FRGF), shown in Figure F-1 and used 
throughout the Space Shuttle and ISS programs, which incorporated an EVA 
drive to release the grapple shaft in the event that the end-effector failed. 
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FIGURE F-1 FLIGHT RELEASABLE GRAPPLE FIXTURE 

 Tie-Down Separation Plane (TDSP), shown in Figure F-2 and used on the H-II 
Transfer Vehicle (HTV), is a commandable mechanism to mechanically release 
the entire grapple fixture from the vehicle. 

 

FIGURE F-2 TIE-DOWN SEPARATION PLANE 

Contingency release methods implemented on the active side of the interface include, 

 The NSTS Shuttle Robotic Arm End-Effector incorporated a commandable 
backup release mechanism to open the snares and release the grapple fixture. 
While the backup release method was checked out on each mission to verify 
function, it was never used operationally to perform an emergency release of a 
payload. 
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 The Canadarm2 End-Effector on the ISS incorporated a redundant 
electromechanical drive capability to provide functional fault tolerance. The end-
effector also included an EVA drive to provide the ability to manually unlatch the 
end-effector from a grapple fixture. 

 The Dextre End-Effector on the ISS incorporated backup electromechanical drive 
capability as well as an EVA drive to manually open the jaws of the mechanism 
to release a grasped fixture. 

F.1.3 TRADE 

To compare the various methods of providing a contingency release function, each 
method was assessed using the following figures of merit; 

1. Time Criticality 

 Where the interface is used can dictate the type of contingency release required 
(EVA vs. commandable) 

 If the hazard associated with a loss of release capability has a short time to effect 
then EVA methods for release are not suitable. 

 Release of Free-Flyers / Visiting Vehicles typically require contingency release 
function to be remotely commandable 

2. Mass/Volume 

 Implementation of a contingency release function on the end-effector/manipulator 
or grapple fixture/payload impacts the total life cycle mass 

 Allocation of the contingency release function to the end-effector may permit a 
mass savings when the total mission life cycle is considered 

 For example, 

o Flight Releasable Grapple Fixture (FRGF) on ISS provides an EVA 
release function and has a unit mass of ~12 kg 

o Flight Standard Grapple Fixture (FSGF) does not include the EVA release 
mechanism and has a unit mass of only ~8 kg 

o 4kg mass savings per use 

 Lowest life cycle mass will depend on the total quantities of end-effectors and 
grapple fixtures in the mission and their associated contingency release 
mechanism mass 

 Release functions implemented on the grapple fixture side can impact size, 
particularly if it is an EVA release function where EVA access must be possible 
while end-effector is attached 
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3. Verification 

 Implementation of a contingency release function on the end-effector/manipulator 
or grapple fixture/payload impacts the verification and total life cycle costs 

 Allocation of the contingency release function to the grapple fixture requires each 
unit to be tested, impacting the recurring costs of grapple fixtures 

4. Debris Generation 

 Some historical contingency release implementations generate debris should 
they ever be operated 

o FRGF implementation releases a grapple shaft which must be retrieved by 
EVA from the end-effector snare cables 

o ISS Visiting Vehicle (HTV, Cygnus, Dragon) grapple fixture release 
systems result in the release of an entire >12 kg grapple fixture assembly 
which may or may not be restrained in the end-effector snare cables 

 Debris-free release implementations are preferred to avoid potential hazards 
associated with unconstrained debris 

5. Compatibility with Autonomy 

 Future robotic systems aim to implement a larger degree of automation, including 
Failure Detection, Isolation, and Recovery (FDIR) 

 An EVA implementation for contingency release precludes automated FDIR 
responses 

6. Complexity 

 Depending on criticality of loss of function failure (critical vs. catastrophic), one or 
two methods of contingency release may be required to satisfy safety 
requirements 

o Critical Hazard = Loss of Mission 

 Requires 1 fault tolerance (primary and redundant methods) 

o Catastrophic Hazard = Loss of Vehicle and/or Life 

 Requires 2 fault tolerance (primary, redundant, and tertiary 
methods) 

 A single method of release to control critical hazards may be simply implemented 
through redundancy in the end-effector 

 A second method of release to control catastrophic hazards may require a third 
control string which adds complexity, cost, and mass 

o An EVA release mechanism may be the simplest option 
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The tables below provide a summary of the comparison between the various 
contingency release implementation options. 

TABLE F-1 GRAPPLE FIXTURE VS. END-EFFECTOR IMPLEMENTATION 

Contingency Release 
Implementation 

Pros Cons 

Grapple Fixture Side - Potentially higher reliability 
release function since 
verification of function is 
more recent (test before 
launch) 

- Higher recurring costs for 
grapple fixture 

- Can have higher life cycle 
mass due to quantity of 
grapple fixtures used in a 
mission* 

- Restricted access if release 
is through EVA  

End-Effector Side - Can have lower life cycle 
mass due to low quantity 
of end-effectors* 

- Single mechanism for 
release throughout mission 
life (dormant failure risk if no 
checkout capability exists) 

 

*Key discriminator 

TABLE F-2 EVA VS. COMMANDABLE IMPLEMENTATION 

Contingency Release 
Implementation 

Pros Cons 

EVA - Can be simplest option - Does not support 
automated FDIR 

- Not suitable for time-critical 
applications* 

Commandable - Supports automated FDIR 
- Required for time-critical 

applications* 

- Implementation may be 
complex if tertiary release 
capability needed 

*Key discriminator 
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F.1.4 CONCLUSIONS & RECOMMENDATIONS 

Based on the results of the trade, the following recommendations were developed for 
the International External Robotic Interoperability Standards: 

 Contingency release functions shall separate the interface without generating 
debris 

 Contingency release functions shall be implemented on the end-effector side of 
the interface 

 All contingency release functions for free-flyer capture fixtures shall be remotely 
commandable to separate (i.e. not require EVA). Contingency release functions 
for non-free-flyer capture fixtures may be EVA but commandable 
implementations are preferred 

 Contingency release functions should be implemented in a manner which 
enables on-orbit checkout/verification of function 

NOTE: The integration of a contingency release mechanism to de-mate a payload from 
a robot end-effector may introduce additional failure modes in the design and therefore 
should be technically justified and its implications considered in the general 
failure/safety analysis. 

F.2 METHODS FOR CONTROLLING I/F LOADS DURING BERTHING OPERATIONS 

F.2.1 PURPOSE 

The purpose of this trade was to assess options for protecting against high interface 
loads that can be generated during off-nominal berthing to a mechanism external to the 
robotic system. Through the trade, determine if any requirements should be added to 
the body of the International External Robotic Interoperability Standards and identify 
whether a handshaking standard is required between an external berthing mechanism 
and the robotic system. 

F.2.2 BACKGROUND 

One of the historical concerns with robotic berthing operations on the ISS has been the 
high loads that can be generated if an external active berthing mechanism (like the 
Common Berthing Mechanism) is attempting to rigidize an interface while the 
manipulator is not in a compliant mode (i.e. has mechanical brakes engaged). Typically, 
the automated response of a manipulator to a fault condition (termed the “Safing 
response”) is to halt all motion through the application of brakes and inhibiting of 
motors. Analysis is typically performed to define the necessary safety controls to 
implement in order to protect against the build-up of excessive loads in the unlikely 
event that the off-nominal/failure condition occurs. 

For future missions, a more robust approach that mitigates the need for extensive 
analysis is required. 
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F.2.3 TRADE 

The strategies considered for controlling this hazard in future systems include: 

1. Avoid exposure to the Hazard – Perform berthing in a different way to avoid 
exposure to the hazard, such as; 

a. Avoid designs that require the manipulator to remain attached to a payload 
while the berthing mechanism rigidizes the interface. For example, for 
berthing-compatible International Docking Systems (Ref. IDSS-IDD), the 
recommended operational sequence is for the manipulator to berth the 
active/passive docking interfaces together to engage the soft capture latches 
and then release to allow the docking system to retract to fully align and seat 
the interface and engage hard capture hooks. This operational sequence 
ensures that only one system is active at any given time 

b. Design interface to allow the manipulator to achieve full alignment/seating 
(passive berthing). 

2. Control/Protect against the Hazard – Provide ability to stop the active mechanism 
before loads can build up to exceed structural load limits. Implementation options 
include; 

a. Provide a method for the manipulator to signal a stop to the mechanism’s 
controller in the event of a failure, and vice-versa 

b. Design incremental control capability into the active mechanism whereby the 
active mechanism moves a prescribed/safe distance 

c. Design manipulator Safing response to be situation dependent. For example, 
during a berthing operation, do not engage the brakes in response to a failure 
condition 

3. Reduce Consequences of the Hazard - Design system so that hardware can 
withstand the loads that are generated when an active mechanism keeps pulling 
while the manipulator is braked. Implementation approaches include; 

a. Limit forces and moments that the active mechanism can generate (e.g. 
Design active mechanisms with variable pulling force) 

b. Design system to provide mechanical load limiting to protect interfaces. E.g. 
Size mechanical brakes on the manipulator so that they will slip before robotic 
interface and active mechanism load limits are exceeded. 

The pros and cons of the various methods are summarized in Table F-3. 
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TABLE F-3 METHODS FOR CONTROLING OFF-NOMINAL BERTHING LOADS 

 Method Pros Cons 

1a Use designs 
which do not 
require 
manipulator to 
remain attached 
to payload 
during interface 
seating 

- Adds fault tolerance 
(requires multiple failures 
before hazard effect 
occurs) 

- No analysis required for 
coupled active system 
behavior 
(arm/mechanism) 

- Imposes requirement on 
robotic interface to implement 
a soft-capture system 
capable of safely restraining 
payload 

- Requires status (soft capture) 
handshaking to support 
automation. 

1b Use designs 
which allow 
manipulator to 
achieve full 
seating 

- Adds fault tolerance 
(requires multiple failures 
before hazard effect 
occurs) 

- No analysis required for 
coupled active system 
behavior 
(arm/mechanism) 

- Imposes requirement on 
robotic interface to implement 
alignment guides which 
enable full seating by 
manipulator 

- Requires manipulator to have 
force/moment 
accommodation 

- Requires status (fully mated) 
handshaking to support 
automation 

2a Provide a 
method for 
manipulator to 
signal a stop to 
the 
mechanism’s 
controller in the 
event of a failure 

- Software “only” solution 
(no mass) 

- Requires interface-specific 
analysis to identify required 
driving speed of mechanism 
and maximum 
communication latency to 
limit loads. 

- Requires software/comm. 
interface between 
manipulator and external 
mechanism 

2b Design 
incremental 
control 
capability into 
active 
mechanism 

- Software “only” solution 
(no mass) 

- Requires interface-specific 
analysis to identify minimum 
increment to limit loads. 

- Increased operational 
timelines unless 
scripting/automation adopted 

2c Incorporate 
context-specific 
Safing response 
(i.e. do not 
engage brakes 
in response to a 

- Adds fault tolerance 
- Extensible to other 

operational scenarios 
where load limits can be 
exceeded (e.g. free-flyer 
capture)  

- Requires joint brakes to be 
designed to be fault tolerant 
against inadvertent brake 
application 
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 Method Pros Cons 

failure during 
certain 
operations) 

- Reduces 
demands/requirements on 
users 

3a Limit forces & 
moments that 
active 
mechanism can 
generate 

- Robust – system is not 
capable of overloading 
itself. 

- Requires interface-specific 
analysis to identify required 
mechanism driving torque to 
limit loads on the 
manipulator/interface 

- Risk of operational nuisances 
(mechanism stall) if on-orbit 
friction higher than expected. 

3b Size 
manipulator 
brakes so that 
interface loads 
are not easily 
exceeded in off-
nominal 
scenarios 

- Robust – system is less 
capable of overloading 
itself 

- Extensible to other 
operational scenarios 
where load limits can be 
exceeded (e.g. free-flyer 
capture)  

- Reduces demands on 
users 

- Reducing brake friction 
increases the stopping 
distance of the manipulator in 
emergency scenarios. 
Requires slower 
maneuvering speeds. 

- Reduces the “holding” force 
of the manipulator for 
applications where the arm is 
expected to passively hold 
position while being pushed 
on by an external force. 

 

F.2.4 CONCLUSIONS & RECOMMENDATIONS 

The merit of each of the options were evaluated against the following criteria (in order of 
priority): 

 Hazard Avoidance – Whether hazard is avoided 

o Hazard avoidance/elimination is preferred over mitigation methods 

 Extensible – Applicability of method other operational scenarios (i.e. can also 
help to reduce loads in scenarios other than berthing) 

o Extensibility is preferred 

 Level of Analysis - Need for  mission specific integrated analysis 

o Lower analysis is preferred to reduce Phase E effort 

 External Impacts - Burden (verification) imposed on external systems 

o No impact to external systems is preferred 

 Operational Impact – Impact to timeline or operations complexity 
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o Minimal complexity is preferred but less critical with automation 

 Manipulator Impacts – Burden/complexity imposed on manipulator 

o Lower impact is preferred to reduce development complexity 

Based on the evaluation criteria the recommended order of preference for addressing 
the hazard associated with berthing to an externally controlled mechanism are; 

1. Adopt designs which do not require manipulator to remain attached to payload 
during interface full seating (method 1.a) 

2. Adopt designs which enable the manipulator to achieve full seat (method 1.b) 

3. Size manipulator brakes so that interface loads are not easily exceeded in off-
nominal scenarios (method 3.b) 

4. Incorporate context-specific Safing response (i.e. do not engage brakes in 
response to a failure during certain operations) (method 2.c) 

5. Incorporate method for manipulator to halt the active mechanism (method 2.a) 

6. Design incremental control capability into active mechanism (method 2.b) 

7. Limit forces & moments that active mechanism can generate (method 3.a) 

No IERIS updates are identified at this time since, no externally controlled berthing 
mechanisms are currently included in IERIS, and the IDSS already captures the 
preference identified by this trade (i.e. for berthing-compatible implementations, do not 
require manipulator to remain attached to payload during interface full seating) 

F.3 ORU STYLE: PLATFORM VS. DIRECT HANDLING 

F.3.1 PURPOSE 

The purpose of this trade was to compare different approaches to incorporating 
robotically compatible interfaces into an ORU. 

F.3.2 BACKGROUND 

Historically ORUs have been designed in two fashions; 

1. Direct Handling – Where ORU features (soft-docks, tie-downs, mate/demate 
mechanisms, targets, alignment guides) are directly incorporated into equipment. 
A historical example from ISS is shown in Figure F-3. 
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FIGURE F-3 EXAMPLE OF DIRECT GRASP STYLE ORU 

2. Platform Style – Where ORU features are incorporated into a generic platform, 
onto which equipment can be mounted via standardized bolt patterns and 
connectors. A historical example from ISS is shown in Figure F-4. 

 

FIGURE F-4 EXAMPLE OF PLATFORM STYLE ORU INTERFACE 

F.3.3 TRADE 

The factors considered when evaluating the two ORU styles included; 

1. Commonality 

2. Complexity 

3. Verification 

4. Thermal Considerations 

5. Accessibility 

6. Mass “Tax” for ORU Interface 

A comparison of platform-based and direct handling style ORUs is summarized in Table 
F-4. 
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TABLE F-4 COMPARISON OF PLATFORM-BASED AND DIRECT HANDLING STYLE ORUS 

 Criteria Platform-Based Direct Handling 

1 Commonality - Enable a standardized 
mating interface which can 
be used in a family of ORUs 

- Supports a common set of 
robotic operations for using 
the family of ORUs, which 
can increase the reliability of 
operations (i.e. lessons 
learned from one ORU is 
applicable to other ORUs) 

- Can be more challenging to 
standardize due to different 
ORU form factors and 
constraints. (E.g. a  tie-
down bolt through the 
centre of the box may be 
too onerous to 
accommodate on some 
designs) 

- Tend to be 
optimized/tailored to the 
size/shape of the 
equipment which leads to 
more ORU-specific robotic 
operations/procedures 

2 Complexity - Equipment developers have 
less external interfaces and 
requirements to design to 

- In instances where tie-down 
bolts penetrate through the 
box, low level designers 
(e.g. circuit card assembly 
placement) need to work 
around the ORU features. 

- Equipment is directly in the 
load path during robotic 
operations and therefore 
must be designed to 
withstand nominal and off-
nominal robotic loading 
events 

3 Verification & 
Validation 

- In instances where tie-down 
bolts penetrate through the 
box, low level designers (e.g. 
circuit card assembly 
placement) need to work 
around the ORU features. 

- Equipment is directly in the 
load path during robotic 
operations and therefore 
must be designed to 
withstand nominal and off-
nominal robotic loading 
events 
 

- Each ORU design iteration 
likely requires its own V&V 

- ORU developer is 
responsible for verifying 
EVA/EVR maintainability 
requirements 
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 Criteria Platform-Based Direct Handling 

4 Thermal 
Considerations 

- Tend to thermally isolate the 
user from the station 
mounting interface 

- Can better support heat 
transfer between the ORU 
and the mounting interface 

5 Accessibility - When large volume ORUs 
are mounted on platforms, 
robotic access to handling 
features can be restricted 

- Robotic access to ORU 
handling interfaces can be 
optimized and less 
restrictive 

6 Mass “Tax” for 
ORU Interface 

- If platform is designed to 
accommodate a range of 
equipment shapes/sizes then 
it will be overdesigned for 
smaller ORUs and therefore 
not mass-optimized 

- Scalable designs would 
enable mass-optimization 

- Support the use of common 
on-orbit logistics support 
equipment (e.g. temp stow 
locations) 

- Since ORU design features 
can be tailored to the 
equipment, more mass 
optimization may be 
possible 

- Unique mounting interfaces 
may require dedicated 
logistics support equipment 
(carriers and temp stowage 
locations) to support end-to-
end maintenance concepts 

 

F.3.4 CONCLUSIONS & RECOMMENDATIONS 

The trade found that there are merits with both styles of ORU interfaces as follows; 

 Platform style ORU designs are easier to support commonality which can reduce 
non-recurring engineering costs in design and verification, as well as the 
recurring costs to conduct the on-orbit operations on the ORUs. 

 Direct ORU grasp style ORU designs may be necessary for some applications 
where thermal conduction across the mating interface is required 
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PREFACE 

INTERNATIONAL THERMAL INTEROPERABILITY STANDARDS 

This document establishes standards for commonality across elements, vehicles, 
systems and/or components relative to thermal control, as required for future human 
exploration missions.  The standards specifically address fluids to be employed in active 
external and internal coolant loops, and coldplates that interface directly to those 
coolant loops. 

Configuration control of this document is the responsibility of the International Space 
Station (ISS) Multilateral Coordination Board (MCB), which is comprised of the 
international partner members of the ISS. The National Aeronautics and Space 
Administration (NASA) will maintain the International Thermal Interoperability Standards 

under Human Exploration and Operations Mission Directorate (HEOMD). Any revisions 
to this document will be approved by the ISS MCB. 
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1.0  INTRODUCTION  

This International Thermal Interoperability Standards is the result of a collaboration by 
the International Space Station (ISS) membership to establish, interoperable interfaces, 
terminology, techniques, and environments to facilitate collaborative endeavors of 
space exploration in cis-Lunar and deep space environments.  

Standards that are established and internationally recognized have been selected 
where possible to enable commercial solutions and a variety of providers.  Increasing 
commonality while decreasing unique configurations has the potential to reduce the 
traditional barriers in space exploration: overall mass and volume required to execute a 
mission.  Standardizing interfaces reduces the scope of the development effort and 
allows more focus on performance instead of form and fit.   

The information within this document represents a set of parameters enveloping a broad 

range of conditions, which if accommodated in the system architecture support greater 
efficiencies, promote cost savings, and increase the probability of mission 
success.  These standards are not intended to specify system details needed for 
implementation nor do they dictate design features behind the interface, specific 
requirements will be defined in unique documents.  

1.1  PURPOSE AND SCOPE 

The purpose of this thermal interoperability standard is to document agree-to selections 
of fluids to be employed in active external and internal coolant loops, and agreed-to 
requirements for coldplates that interface directly to those coolant loops. This standard 
supports reliability and commonality for cooling systems that work across elements.   It 
provides standardization for the chemical, physical and particulate limitations for the 
selected fluids to be utilized in flight systems/hardware and for associated ground 
systems; further, this document establishes the procurement requirements for the 
selected fluids to ensure technical performance in future thermal systems. This 
document also provides basic, common design parameters to allow developers to 
independently develop and/or provide compatible coldplates. 

1.2  RESPONSIBILITY AND CHANGE AUTHORITY 

Any proposed changes to this standard by the participating partners of this agreement 
shall be brought forward to the International Thermal Interoperability Standards team for 
review. 

Configuration control of this document is the responsibility of the International Space 
Station (ISS) Multilateral Coordination Board (MCB), which is comprised of the 

international partner members of the ISS. The National Aeronautics and Space 
Administration (NASA) will maintain the Thermal Standards under Human Exploration 
and Operations Mission Directorate (HEOMD). Any revisions to this document will be 
approved by the ISS MCB. 
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1.3  PRECEDENCE 

This paragraph describes the hierarchy of document authority and identifies the 
document(s) that take precedence in the event of a conflict between content. 

Applicable documents include requirements that must be met. If a value in an applicable 
document conflicts with a value herein, then the value in this standards document takes 
precedence and shall be used. 

Reference documents are either published research representing a specific point in 
time, or a document meant to guide work that does not have the full authority of an 
Applicable document. If a value in this document conflicts with a value in a referenced 
document, then it should be assumed that the value here takes precedent. 
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2.0  DOCUMENTS 

2.1  APPLICABLE DOCUMENTS 

The following documents include specifications, models, standards, guidelines, 
handbooks, and other special publications. Applicable documents are levied by 
programs with authority to control system design or operations.  The documents listed in 
this paragraph are applicable to the extent specified herein. Inclusion of applicable 
documents herein does not in any way supersede the order of precedence identified in 
Section 1.3 of this document. 

SN-C-0005C, Rev. D Contamination Control Requirements for the Space Shuttle 
Program 

ASTM D1193 - 06(2011) Standard Specification for Reagent Water 

A-A-59150 (Rev. A) CLEANING COMPOUND, SOLVENT, 
HYDROFLUOROETHER (HFE) 

SSP 30245, REV. E SPACE STATION ELECTRICAL BONDING 
REQUIREMENTS 

MIL-PRF-27401F PROPELLANT PRESSURIZING AGENT, NITROGEN 

CGA G-10.1 COMMODITY SPECIFICATION FOR NITROGEN 

MIL-STD-1246, REV. C MILITARY STANDARD PRODUCT CLEANLINESS LEVELS 
AND CONTAMINATION CONTROL PROGRAM 

SSP 30573, REV. F SPACE STATION PROGRAM FLUID PROCUREMENT AND 
USE CONTROL SPECIFICATION 

IEST-STD-CC1246E PRODUCT CLEANLINESS LEVELS – APPLICATIONS, 
REQUIREMENTS, AND DETERMINATION 

NASA-STD-6016A STANDARD MATERIALS AND PROCESSES 
REQUIREMENTS FOR SPACECRAFT 

IECLSSIS INTERNATIONAL ENVIRONMENTAL CONTROL AND LIFE 
SUPPORT SYSTEM (ECLSS) INTEROPERABILITY 
STANDARDS 

SLS-SPEC-159, REV. D CROSS PROGRAM DESIGN SPECIFICATION FOR 
NATURAL ENVIRONMENTS (DSNE) 

IERIS INTERNATIONAL EXTERNAL ROBOTIC 
INTEROPERABILITY STANDARDS (IERIS) 
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SSP-41172, REV. AD QUALIFICATION AND ACCEPTANCE ENVIRONMENTAL 
TEST REQUIREMENTS 

SSP 57000, Rev. R PRESSURIZED PAYLOADS INTERFACE REQUIREMENTS 
DOCUMENT 

2.2  REFERENCE DOCUMENTS 

The following documents contain supplemental information to guide the user in the 
application of this document. These reference documents may or may not be 
specifically cited within the text of this document. 

ESD 3000 Space Launch System Mission Planners Guide 

SSP 30219, REV. J Space Station Reference Coordinate Systems, International 
Place Station Program 
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3.0    INTERNATIONAL THERMAL INTEROPERABILITY FLUIDS STANDARDS 

3.1  GENERAL 

The goal of establishing standards and agreeing on other assumptions is to maximize 
the success of future human spaceflight missions conducted as international 
partnerships.  The ability of components, systems, or vehicles delivered from multiple 
sources to work together as an effective system is important to the success of actual 
missions.  Good collaboration can make technology development and system 
maturation more efficient, by sharing the lessons learned and failures that drive 
requirements.  Using standard assumptions can also make development more efficient 
by making tests conducted by one partner relevant and valid to multiple partners.  

This section of the document is focused on fluid cleanliness requirements and fluid 
specifications, which are agreed to across the international partnerships for 

implementation in thermal systems of future mission flight vehicles and ground support 
hardware.  Note that the candidate fluids considered and those then specified within this 
standards document are those with historical precedence/flight experience and/or 
coolants that are currently or planned to be extensively tested with data, testing results, 
analyses, etc. to be provided to/shared with all agencies; this is necessary due to issues 
with materials compatibility, proprietary considerations, specific additives, etc.  
Additionally, any biocides or other additives must be included in the database and 
testing programs, and consideration must be given to simulating/testing accurately with 
the in-space cabin environment as this can affect the chemistry of the coolant(s) over 
time. 

This document is specific to fluids introduced into the flight thermal system hardware or 
circulated through interfacing ground support equipment (GSE) during ground 
operations prior to launch. In addition, these fluids might also be employed as 
determined by the hardware provider(s) during transport, short-term storage, functional 
check-outs, cleaning, servicing, and/or assembly.  This standard does not control the 
selection of fluids during the design and development of flight hardware and does not 
control fluids introduced into hardware before delivery to the launch site(s). It is the 
responsibility of the thermal systems hardware provider(s) to preclude the introduction 
of fluids that are incompatible with and potentially damaging to flight hardware before 
delivery to the launch site(s). 

This standard does not control the composition of gases that are introduced into flight 
hardware, solely for the purpose of instrumentation calibration prior to launch.  Further, 
it does not control the composition of flight gases that are manifested solely for the 
purpose of in-flight instrumentation calibration, if this is feasible or required. However, 
contamination controls in this standard do apply to calibration gases introduced to the 
thermal system during ground operations and during flight if applicable. 

The content herein also requires commonality in the procurement requirements and 
management of the thermal fluids specified for both flight and ground operations.  
Details are given for the selected fluids relative to chemical and physical properties, and 
particulate limitations. 
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3.1.1  SYSTEM ARCHITECTURE CONCEPT 

The thermal control system is designed to maintain the overall vehicle(s)/module(s) 
within thermal limits as required for the crew and equipment during all phases of the 
mission; this includes rejecting the waste heat from the vehicle(s)/module(s), 
maintaining hardware within its specified temperature limits, and controlling the crew 
cabin environment to maintain the walls above the dew point. Coolant loops are used to 
transfer heat energy from vehicle/module components/subsystems to radiators for 
overall rejection and/or to transport the excess heat to equipment or a spacecraft region 
needing additional heat energy for operation. The thermal control system must be a 
robust design that can operate over a range of heat loads in external environments 
ranging from the cold of deep space to the warm environment that results from full sun 
on one side of the vehicle plus planetary infrared radiation. 

This standards document has been prepared to support future exploration missions, 
without consideration to a specific mission or space vehicle(s) architecture.  However, to 
provide a framework and common understanding, this standard is applicable to 
permanent spacecraft elements of the DSG and the overall thermal system can be 
assumed to be servicing one or more physically connecting vehicles and/or modules 
with human occupants and powered equipment located internally and externally.  It is 
assumed that the vehicles/modules each have individual active thermal control systems 
but all elements share the same internal fluids for commonality, as well as the external 
coolants. Internal loops might also be cross-strapped/connected-together.  This 
document only addresses the coolants for the active flowing loops; passive thermal 
components/hardware that contain internal coolant fluids such as heat pipes are not 
controlled by this document. Note that visiting space vehicles that are not permanently 
attached, or are not resident, docked or operated open loop with DSG for an extended 
period might employ alternate fluids that must be compliant with standards and 
specifications required for safety and operations that are out-of-scope or not detailed in 
this standards document. 

In addition to exclusions stated in Section 1.1, this standards document does not 
currently address vehicle(s)/module(s) dormancy periods, very high-power vehicle 
systems (i.e., nuclear), all elements of the thermal system (e.g., does not address all 
hardware components such as pumps and heat exchangers, or avionics), design for 
redundancy, failure tolerance or corrective action(s) for off-nominal cases, layout or 
specific architecture of the thermal system components, operational details such as 
heat load distribution with the modules, spacesuit thermal control, or performance 
degradation over time.  This standard does specify the coolants to be employed in 

active external and internal coolant loops, and provides the chemical, physical and 
particulate limitations for the selected fluids to be utilized in flight systems/hardware and 
for associated ground systems at the launch site(s).  Further, this document establishes 
the procurement requirements for the selected fluids and other important information 
(e.g., responsibilities, regulations). 
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3.1.2  ENGINEERING UNITS OF MEASURE 

The International System of Units for measurement will be utilized for future missions; 
this is also commonly known as the Systeme Internationale (SI) system of 
measurement.  All angular dimensions will be in degrees. Prefixes may be added to the 
units specified herein to ease understanding by the reader. 

3.2  PROCUREMENT 

Coolant fluids introduced into flight hardware after cleanliness acceptance shall meet or 
exceed the requirements as specified in Table 3.5-2. 

3.3  FLUID USE 

No fluid shall be introduced into the coolant loop(s) flight hardware after pre-flight 

cleaning, testing and inspection(s) are completed except those specified in Tables 3.5-
1.1 and 3.5-1.2.  Note that fluids used for assembly, cleaning/flushing, storage, 
transport and/or testing are not included in this document, but are likely to be the same 
as those specified in SSP 30573 Rev. F, Space Station Program Fluid Procurement and 
Use Control Specification for the thermal control system.  Nitrogen is included in Tables 
3.5-1.1 and 3.5-1.2 as it is the likely fluid of choice for pressurization (e.g., 
accumulator(s)) based on historical precedence/experience and/or current use in 
spaceflight hardware/systems.  Further detailed requirements for fabrication, servicing, 
maintenance, etc. of the thermal coolant loops are not included in this document, but 
are likely to be the same/similar to those specified in SSP 30573 Rev. F. 

3.3.1  NASA, IP, AND CONTRACTOR RESPONSIBILITIES 

3.3.1.1  SYSTEMS REQUIREMENT 

Where the requirements of this document do not reflect a required specification or the 
system/subsystem requirements specified are inadequate, it shall be the hardware 
provider’s responsibility to notify the National Aeronautics and Space Administration 
(NASA) or the International Partner (IP) procuring agency so that specifications meeting 
the system’s requirements can be generated and included in this standard. 

3.3.1.2  THERMAL SYSTEM GFE 

It shall be the prime contractor’s, NASA’s or the IP’s responsibility to ensure that their 
selected contractors/subcontractors and/or government activities comply with the 
requirements of this standard for thermal system GFE and/or flight hardware. 

3.3.1.3  PROVISIONED FLUIDS 

NASA or the IP will be responsible for procurement control of fluids used for their 
provisioned ground, flight and/or contractor-required government-furnished fluids.  
NASA or the IP will provide appropriate documented assurance and/or certification that 
fluids procured through their agency(ies) and/or contractors meet the requirements 
specified in this document. 
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3.3.2  WASTE FLUIDS 

Waste or used coolant fluids shall meet and sustain the regulations of all government 
and local environmental agencies per the requirements specified for the country(ies) of 
usage.  Note that this should include pre-negotiation and arrangement of pickup and 
transport of waste or used fluids to authorized treatment, storage and/or disposal 
vendor(s). 

3.4  HARDWARE CLEANLINESS FOR REFLIGHT 

Thermal system tanks or coolant lines that are designed to be launched, returned, 
refilled, and re-launched shall not require the system to be re-cleaned to the original 
precision cleanliness requirements prior to being refilled if the hardware has been 
maintained clean, which includes the following requirements: 

1) Protective caps shall be installed or open connectors shall be bagged when the 
system is not in use. 

2) Positive pressure shall be maintained in the returned assemblies when not within 
a clean room capable of maintaining hardware precision cleanliness 

3) Once returned, exposed fluid interfaces on the tanks or flow system shall be 
inspected and cleaned (if necessary) to Visible Clean Plus Ultraviolet –Highly 
Sensitive (VC+ UV – HS) level per SN-C-0005C prior to being refilled. 

If contamination is observed at any point in the process, the hardware cleanliness is 
considered suspect and shall be reviewed and assessed by the appropriate disciplines; 
this may result in requiring the system(s) and/or affected components to be drained and 
cleaned/serviced prior to refill and re-launch. 

3.5  VERIFICATION 

3.5.1  SAMPLING 

Coolant fluids supplied to flight hardware shall have been sampled and verified as 
meeting the chemical and physical requirements of Table 3.5-2 in accordance with the 
procedures of the applicable procurement specification, unless other analysis 
procedures are specifically delineated herein. 

3.5.1.1  SAMPLING FOR TEST/SUPPORT EQUIPMENT 

Gases used in testing of flight hardware do not impact the composition of flight fluids, 
therefore a reduced set of compositional requirements limited to condensable 
contaminates is permitted. All test/support equipment supplying gases for any reason 
(such as cleaning, flushing, testing, or assembly aid) to flight hardware systems shall 
meet the following minimum sampling requirements. Test/support equipment gases 
shall be tested at the interface with flight hardware (as defined by section 3.5.1.2) and 
meet the requirements defined in table 3.5-1 for moisture, total hydrocarbons measured 
as methane and particulates for the specific fluid if the requirement for the 
characteristics are defined. Fluid procurement, interface filter and hardware cleanliness 
requirements delineated in this document shall still be met. 



ITIS Draft Release Copy 

February 2018 

Verify this is the current version before use 3-5 

The following scenarios will require re-sampling of fluids at the interface with flight 
hardware (as defined by section 3.5.1.2) after the following system changes: 

1. Changing out of any component in the support equipment (valves, regulators, 
etc.). 

2. Changing of source gas cylinders to a different lot code. 

The following scenarios will not require re-sampling of fluids at the interface with flight 
hardware after system changes so long as all work is conducted in accordance to Table 
3.5-1 Note 1: 

1. Breaking of connections without hardware changes. 

2. Changing of source gas cylinders with the same lot code. 

3. Testing of different flight hardware when the support equipment setup has not 
been changed. 

Deviation from the requirement outlined in Table 3.5-1 Note 1 shall require the minimum 
re-sampling requirements above. 

Test equipment supplying gases for internal thermal system hardware which will 
ultimately be filled with Table 3.5-1.2 Internal Heat Transport Fluid are exempt from the 
above sampling at flight hardware interface requirements, but still must meet all fluid 
procurement, interface filter, and hardware cleanliness requirements. 

3.5.1.2  SAMPLING LOCATION, FREQUENCY, AND TECHNIQUE 

The sampling location, frequency, and technique shall provide representative samples 
of liquid or gas being tested to assure that, with the sampling approach utilized, the fluid 
meets the requirements at the interface.  The sub-tables of Table 3.5-1 specify 
requirements at the interface. 
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TABLE 3.5-1 COOLANT FLUIDS SERVICING REQUIREMENTS. 

The tables included herein contain the fluid and particulate/cleanliness requirements. 

External Heat Transport Fluid 3.5-1.1 

Internal Heat Transport Fluid 3.5-1.2 

 

Note 1.  Most precision cleanliness specifications use a standard terminology to define hardware particulate 

cleanliness levels, e.g., Level 100, where the level number is related to the maximum particle size permitted. 

However, the exact definition of particulate cleanliness levels varies from specification to specification. The 

most commonly used commercial specification, IEST-STD-CC1246, Product Cleanliness Levels – 

Applications, Requirements, and Determination, allows one particle to be larger than the cleanliness level 

number and requires counting of particulate in four size-range “bins” smaller than the cleanliness level 

number. Historical NASA Center (and some contractor) specifications will be emulated for this document, 

and are both more conservative and less conservative in that these specifications prohibit any particles 

larger than the cleanliness level number but do not require counting of particulate in the two smallest bin 

sizes required by IEST-STD-CC1246, respectively. 
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TABLE 3.5-1.1 EXTERNAL HEAT TRANSPORT FLUID 

Fluid Chemical 
Composition 

Supply 
System 

Particulate 

Control 

   
 

Supply 
interface/ 
final filter 
absolute rating 

System/supply 
system surface 
cleanliness level  
per IEST-STD-
CC1246 (see 
Table 3.5-1, Note 
1) (Notes 1, 3-4) 

Operational Fluids: 

Ethoxy-nonafluorobutane  

(Note 2) 

Table 3.5-2.1 GSE, FSE 10 micron Level 200A 

(Note 5) 

Nitrogen/N2 Table 3.5-2.3   GSE, 
ECLSS 

10 micron Level 200A 

 

Note 1. MIL-STD-1246, Revision C, Military Standard Product Cleanliness Levels and Contamination Control 

Program may be used as an alternate. 

Note 2: This fluid is available from 3M™ as Novec™ HFE-7200. <TBR 3-1> 

Note 3. Personnel training.  A certification-training course shall be established and required for anyone 

working around precision-cleaned hardware.  The focus of the course shall be on awareness and shall 

require a minimum one-hour of instruction time.  As a minimum, the course content shall include definition 

of precision cleanliness, problems that have occurred on the International Space Station (ISS) and other 

spacecraft as appropriate with precision- cleaned hardware, the best practices for maintaining cleanliness, 

and specific controls identified at the site where work will be performed. 

Note 4. Maintaining system cleanliness.  Hardware (including GSE) that has not been precision-cleaned shall 

not be brought into the vicinity of precision-cleaned flight hardware (for fit checks etc.) without protection to 

the flight hardware (i.e., wrapped in approved packaging material). Clean room bags shall always be used to 

transport cleaned hardware (including GSE), even short distances when outside of the clean room 

environment.  Precision-cleaned hardware shall be exposed only in a particulate controlled environment, 

including the use of flow benches providing a Class 100,000 CWA or better, when conducting hardware 

inspections.  Clean room gloves shall be used during all handling of precision-cleaned flight hardware and 

GSE.  Any inspection tools that are to be exposed to precision-cleaned fluid systems hardware (borescopes, 

etc.) shall be visibly cleaned and maintained clean.  Solvents such as isopropyl alcohol (IPA) shall be filtered 

to 10 microns or better prior to use. All precision cleaned open tubes and lines must be protected, i.e. 

wrapped or bagged with approved materials, as soon as possible after fabrication, until final installation.  All 

precision-cleaned fluid systems configured for flight shall have integrity seals installed.  Precision cleaned 

hardware that has been welded shall remain capped (non-particle generating caps or wrapped and taped) at 

the ends during x-ray operations to avoid potential contamination of hardware. 

Note 5. An “A” following level number indicates a nonvolatile residue (NVR) limit of 1 mg/0.1 m2 or 1 mg/0.1 

liter. 

Note 6.  Coolant loops shall be leak tested at the Maximum Design Pressure (MDP) per SSP-41172, Rev. AD, 

Qualification and Acceptance Environmental Test Requirements. 
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TABLE 3.5-1.2 INTERNAL HEAT TRANSPORT FLUID 

Fluid Chemical 
Composition 

Supply 
System 

Particulate 

Control 

   
 

Supply 
interface/ 
final filter 
absolute rating 

System/supply 
system surface 
cleanliness level  
per IEST-STD-
CC1246 (see 
Table 3.5-1, 
Note 1) (Notes 
1-3) 

 Operational Fluids: 

35/65 inhibited propylene 
glycol-water mixture 

 <TBR 3-2> 

Table 3.5-2.2 GSE, FSE 10 micron Level 200A 

(Note 4) 

Nitrogen/N2 Table 3.5-2.3   GSE, 
ECLSS 

10 micron Level 200A 

 

Note 1.  MIL-STD-1246, Revision C, Military Standard Product Cleanliness Levels and Contamination Control 

Program may be used as an alternate. 

Note 2. Personnel training.  A certification-training course shall be established and required for anyone 

working around precision-cleaned hardware.  The focus of the course shall be on awareness and shall 

require a minimum one-hour of instruction time.  As a minimum, the course content shall include definition 

of precision cleanliness, problems that have occurred on the International Space Station (ISS) and other 

spacecraft as appropriate with precision- cleaned hardware, the best practices for maintaining cleanliness, 

and specific controls identified at the site where work will be performed. 

Note 3.  Maintaining system cleanliness.  Hardware (including GSE) that has not been precision-cleaned shall 

not be brought into the vicinity of precision-cleaned flight hardware (for fit checks etc.) without protection to 

the flight hardware (i.e., wrapped in approved packaging material). Clean room bags shall always be used to 

transport cleaned hardware (including GSE), even short distances when outside of the clean room 

environment.  Precision-cleaned hardware shall be exposed only in a particulate controlled environment, 

including the use of flow benches providing a Class 100,000 CWA or better, when conducting hardware 

inspections.  Clean room gloves shall be used during all handling of precision-cleaned flight hardware and 

GSE.  Any inspection tools that are to be exposed to precision-cleaned fluid systems hardware (borescopes, 

etc.) shall be visibly cleaned and maintained clean.  Solvents such as isopropyl alcohol (IPA) shall be filtered 

to 10 microns or better prior to use. All precision cleaned open tubes and lines must be protected, i.e. 

wrapped or bagged with approved materials, as soon as possible after fabrication, until final installation.  All 

precision-cleaned fluid systems configured for flight shall have integrity seals installed.  Precision cleaned 

hardware that has been welded shall remain capped (non-particle generating caps or wrapped and taped) at 

the ends during x-ray operations to avoid potential contamination of hardware. 

Note 4. An “A” following level number indicates a nonvolatile residue (NVR) limit of 1 mg/0.1 m2 or 1 mg/0.1 

liter. 

Note 5.  Coolant loops shall be leak tested at the Maximum Design Pressure (MDP) per SSP-41172, Rev. AD, 

Qualification and Acceptance Environmental Test Requirements.  
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TABLE 3.5-2 CHEMICAL AND PHYSICAL CHARACTERISTICS OF COOLANT FLUIDS. 

The tables included herein contain physical and chemical characteristics of fluids that 
will be used in coolant loop(s) of future space vehicle(s)/module(s).  The characteristics 
of the allowable fluids as procured and delivered are as follows: 

(Note: it is acceptable to procure to an alternate fluid specification if it meets or exceeds 
the “procurement” technical requirements as specified below and is documented in a 
verification assessment to this specification requirement.) 

HFE-7200 (ethoxy-nonafluorobutane) <TBR 3-1> 3.5-2.1 

Internal Heat Transport Fluid (35/65 inhibited 
propylene glycol-water (PGW) mixture) <TBR 3-2> 
 

3.5-2.2 

Nitrogen 3.5-2.3 
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TABLE 3.5-2.1 HFE-7200 (ETHOXY-NONAFLUOROBUTANE). 

Procurement within the United States shall be in compliance with the Commercial Item 
Description A-A-59150 (Rev. A), with the exception of the boiling point for HFE-7200 is 
nominally 76 deg. C instead of the 60 deg. C +/- 2 specified in the CID.  Procurement 
outside of the U.S. shall be in compliance as specified or in accordance with verified, 
equivalent requirements provided and governed within the country(ies) of concern; 
deviations will require review and approval at the ISS MCB. 

CHARACTERISTICS  REQUIREMENTS 

 Procurement As Delivered to Interface 

Appearance Clear Colorless Liquid Clear Colorless Liquid 

Purity 99.5% (min) 99.5% (min) 

Non-volatile Residue 1 ppm (max) 1 ppm (max) 

Acidity (as HCl)* 1 ppm (max) 1 ppm (max) 

Moisture 15 ppm (max) 15 ppm (max) 

Free Fluoride* 1 ppm (max)  1 ppm (max) 

*These requirements are identical to those for HFE-7100 as specified in SSP 30573 Rev. F, Space Station Program Fluid 

Procurement and Use Control Specification 

Note 1: Use limits apply to both new and reclaimed HFE-7200.  Each time new or reclaimed HFE-7200 is 

introduced into the thermal system/subsystem, sampling and certification are required prior to use. 

Note 2: Prior to launch/flight, representative samples of the solvent used in flight equipment/systems shall 

be taken at least weekly when in continuous use, or for each individual application when not used on a 

continuous basis, to assure these use limits are met. 

Note 3: Whenever the solvent has been used in the thermal system/subsystem including associated GSE, it 

will not be used/re-used for any other system/subsystem (GSE or flight).  In addition, the thermal system 

shall not use solvent that has been used previously in other system/subsystems including GSE, or for other 

purposes such as cleaning. 

Note 4: The maximum exposure limit for HFE-7200 established by the manufacturer is 200 ppm over an 8-

hour period. Appropriate personnel safety precautions must be taken to ensure this limit is not exceeded. 

Note 5: HFE-7200 is compatibility with most metals and hard polymers, but is not compatible with some 

types of soft and elastomeric materials. For implementation in future space vehicles/modules, the 

agency/partner responsible for providing specific thermal GSE and/or flight hardware must verify that the 

system/subsystem materials exposed to HFE-7200 are compatible.  Data on compatibility of materials with 

HFE-7200 should be shared by each agency/partner when it is obtained via vendors, testing, etc. 
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TABLE 3.5-2.2 INTERNAL HEAT TRANSPORT FLUID 

(35/65 inhibited propylene glycol and water mixture) 

This coolant shall be produced using a commercially available, inhibited propylene 
glycol concentrate < TBD 3-1>, to provide an inhibited PGW mixture.  Procurement of a 
specific formulation of inhibited propylene glycol concentrate and associated vendor(s) 
shall be agreed to by all partner space agencies and approved via the ISS MCB; the 
selected concentrate shall be identified and procurement requirements (e.g., chemical 
properties, quality control) designated in a future update to this standards document or 
a future specification document. 

Characteristics  Requirement  Test Method 

Sufficient water shall be added to the inhibited propylene glycol concentrate to reduce 
the propylene glycol concentration to 35 +/- 1 percent by weight.  Water used to dilute 
the concentrate shall be in accordance with ASTM D1193 Type I, II, or III, any grade.  
The acceptance requirements for the inhibited PGW shall be given in a future update to 
this standards document or a future specification document < TBD 3-1>.    

NOTE 1:  If coolant is added to a flight system, it shall meet the as delivered-to-interface/system 

requirements for mixed coolant or be specially adjusted as required to bring out-of-specification as 

circulated coolant back into specification. 
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TABLE 3.5-2.3 NITROGEN 

(Procurement shall be to specification MIL-PRF-27401, Propellant, Pressurizing Agent, 
Nitrogen; Grade A, B, or C with direct method required for determining the nitrogen 
content (Note 1). 

CHARACTERISTICS REQUIREMENTS 

 Procurement: Grade 
A 

As Delivered to 
Interface (Grade A) 

Procurement:  Grade 
B 

As Delivered to 
Interface (Grade B) 

Purity 99.5% by volume 
(min) by indirect 
method 

99.5% by volume 
(min) by indirect 
method 

99.99% by volume 
(min) by indirect 
method 

99.99% by volume 
(min) by indirect 
method 
 
95.0% by volume 
(min) by direct 
method 

Total Impurities 5000 ppm (max) 5000    ppm (max) 100 ppm (max) 100 ppm (max) 

Total Hydrocarbons 
(as methane) (Note 
2) 

58.3  ppm (max) 58.3  ppm (max) 5.0 ppm (max) 5.0 ppm (max) 

Halogenated 
Solvents 

N/A 5 ppm (max) N/A 5 ppm (max) 

Oxygen 5000 ppm (max) 5000 ppm (max) 50 ppm (max) 50 ppm (max) 

Argon N/A N/A 20 ppm (max) N/A 

Moisture 
 

-64°F (max) Dew  
point @ 1 atm 
26.3 ppm (max) 

26.3 ppm (max) -75°F (max) Dew 
 point @ 1 atm 
11.5 ppm (max) 

11.5 ppm (max) 

Particulate  
(Type II - Liquid 
Only) 

1.0 mg/l (max) N/A (Note 3) 1.0 mg/l (max) N/A (Note 3) 

NOTE 1: Procurement may also be to CGA G-10.1, Commodity Specification for Nitrogen, Quality Verification 

Level (QVL) L, M, Q, R, or S. These grades all have a higher minimum nitrogen content than any of the MIL-

PRF-27401 grades, but QVL S is the only grade that meets the MIL-PRF-27401 requirement for maximum 

hydrogen content (<0.5 ppm). Analysis of argon concentration is not required. 

NOTE 2: Percent nitrogen includes trace quantities of Neon, Helium, and small amounts of Argon. 

NOTE 3: Other impurities discernible from instrument noise shall be identified and quantified. 
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4.0  HUMAN EXPLORATION MISSIONS COLDPLATE STANDARD 

4.1  GENERAL 

This section of the document is focused on the physical and fluid interfaces of 
coldplates to be employed in future flight vehicles.  The content herein drives 
commonality in the design, sizing, fabrication, performance, etc. This document does 
not address the complete thermal system to be incorporated in future space vehicles, 
and does not reference other components that may be employed in that system such as 
heat exchangers, pumps, etc.   

4.1.1  ITEM DEFINITION 

For the purposes of this standard, it is assumed that each coldplate represents an 
assembly forming either a contact-type or radiative-type heat exchanger.  Note that it is 

likely all internal coldplates will be contact-type, and all external coldplates will be 
radiative-type, similar to coldplates employed on the International Space Station.  Each 
coldplate will provide for thermal control of electronics and/or other interfacing 
equipment. It is likely that each coldplate will have single flow-through passages with 
heat acquisition and transport on one or both sides.  Standard operation will enable heat 
transfer to the fluid in the interfacing coolant loop. While the coldplates will operate with 
a range of coolant flow rates, it is expected that the internal coolant loop will maintain 
the localized temperature above the cabin dew point.  It is likely that multiple sizes of 
coldplates will be employed for the vehicle(s)/module(s) to accommodate internal and 
external equipment.  Further, it is assumed that at least one size/designed coldplate will 
be employed for common equipment rack-equivalents (e.g., rack, pallet) located within 
the vehicle(s)/module(s). 

4.1.2  INTERFACE DESCRIPTION 

Coldplates have both physical and fluid interfaces. The physical interfaces for coldplates 
include the structural mounting surfaces/attachment points and associated hardware. 

It is likely that both the internal and external coldplates will be mounted/attached to 
secondary support structure using bolts, and non-transferable to alternate locations 
within or external to the vehicle(s)/module(s).  The fluid interfaces include the 
connection point(s) and any associated hardware to connect the flow passages to the 
external coolant loop(s), to allow unimpeded flow of coolant through the coldplate. 

The internal equipment to be cooled will be mounted to the coldplate flat surface(s) with 
bolts.  The fluid interfaces include the connection point(s) and any associated hardware 
to connect the flow passages to the coolant loop(s), to allow unimpeded flow of coolant 
through the coldplate. 

The external coldplates will have fins on the cooling surface(s) which will mesh with fins 
that are on the equipment to be cooled; once the equipment is installed, there is 
radiative heat transfer between the equipment fins and the colder coldplate fins.  The 
external coldplates will accommodate robotic and/or EVA attachment or replacement of 
the interfacing equipment, which may include provision for alignment guides, robotic 
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and/or suit-compatible grasps or handles, visual alignment labels, attachment/locking 
hardware, mechanisms for soft-dock and/or hard-stop, etc. 

4.1.3  INTERFACE RESPONSIBILITIES 

Section 4 of this document is written with the intent of providing standards for coldplate 
assemblies which will be directly connected to the coolant loop(s) of future 
module/vehicle(s).  Interfacing secondary support structure(s), fasteners for surface 
mounting of equipment, connecting tubing, insulation, sensors, cabling/electrical lines, 
and any other items not mentioned in Section 4.1.2, or within this document, will be 
provided by the module/vehicle integrator; the provider(s) will ensure those interfacing 
items are compatible with coldplates meeting the standards outlined herein. 

It is assumed that future vehicles will utilize modules and rack-equivalents (e.g., rack, 
pallet) like those used on the International Space Station, and integration of coldplates 

to the rack-equivalent(s) will be completed by the module/vehicle integrator or provider.  
In addition, future vehicles may utilize Orbital Replacement Units (ORUs) for 
replacement or trade out of equipment externally, and again the module/vehicle 
integrator or provider will ensure that the ORU hardware and its interface are 
compatible with external coldplates meeting the standards outlined herein. 

4.1.4  COORDINATE SYSTEM 

It is assumed that future vehicles will utilize module(s) and rack-equivalents like on the 
International Space Station.  Therefore, a coordinate system such as that defined in 
SSP 30129, Space Station Reference Coordinate System for body-fixed systems will be 
agreed to and utilized. 

4.1.5  ENGINEERING UNITS OF MEASURE 

This will be as described in Section 3.1.2. 

4.2  ENVELOPE 

A number of coldplate sizes will be provisioned to accommodate a range of equipment 
interface requirements.  While most coldplates are intended for cooling equipment 
internal to the pressurized vehicle(s)/module(s), some coldplates will be implemented 
for external applications. 

Table 4.2-1 shows standardized internal coldplate sizes.  In addition, while there would 
be various part numbers depending on the agency(ies), contractor(s), etc., designators 
are shown to be added to the end of the part number(s) for consistency in designating 
size and location. 
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TABLE 4.2-1 STANDARD INTERNAL COLDPLATE SIZES 

COLDPLATE 

Designator

Heat Transfer Area (contact 

area) in width of the plate 

(inlet/outlet ports) vs. length 

(cm x cm)

REFERENCE: Heat 

Transfer Area 

(contact area) 

converted to 

English Units      

(in x in) +/- 0.1

Maximum 

Weight (dry) 

(kg)

-IC1 8.8 x 15.8 3.5 x 6.2 0.6

-IC2 15.8 x 22.8 6.2 x 9 1.05

-IC3 15.8 x 36.8 6.2 x 14.5 1.43

-IC4 15.8 x 43.8 6.2 x 17.2 1.64

-IC5 22.8 x 8.8 9 x 3.5 0.76

-IC6 22.8 x 15.8 9 x 6.2 1.05

-IC7 22.8 x 29.8 9 x 11.7 1.6

-IC8 22.8 x 36.8 9 x 14.5 1.89

-IC9 22.8 x 50.8 9 x 20 2.47

-IC10 29.8 x 22.8 11.7 x 9 1.67

-IC11 71 x 45.2 28 x 17.8 11  

Note 1: The dimensions only address the heat transfer surface(s) where equipment would be mounted; the 

thickness of the coldplate(s) is not included. 

Note 2: The dimensions shown do not include the tube stubs or any other protrusion(s) beyond the heat 

transfer surface and edges of the coldplate. 

Note 3: The designators indicate “I” for “internal”, “C” for “coldplate” and a numerical designator to 

distinguish the coldplates based on overall dimensions/size. 

Note 4:  The dimensions for the heat transfer area are shown in English units as reference only, as the 

engineering units of measure are given in Section 3.1.2. 

Note 5:  The –IC11 coldplate is assumed for common equipment rack-equivalents. 

There is no equivalent table for external coldplates as it is assumed these will be 
customized to accommodate the equipment to be interfaced, similar to the external 
Orbital Replacement Units (ORUs) on the ISS.  Note that Table 4.2-1 is not intended to 
preclude the use of customized internal coldplates in special cases or if needed. 

4.3  STRUCTURAL REQUIREMENTS 

4.3.1  STRUCTURAL LOAD DISTRIBUTION 

4.3.1.1  STRUCTURAL LOADS 

The structural loads that will be imparted to the coldplates will be dependent on the 
launch vehicle(s).  It is likely that the maximum loads transmitted would occur during 
launch combined with ascent vibration, and additionally that these would likely be the 
worst-case loads imparted over the course of the mission(s).  The coldplates will be 
designed for the maximum axial and lateral loads specified for the launch/mission 
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vehicle(s) such as those specified for the Space Launch System (SLS) per the Space 
Launch System Mission Planners Guide, ESD 30000, Section 5.2.1 Spacecraft/Payload 
Design or alternatively to the loads specified/documented for the as-built SLS or an 
alternative launch vehicle, whichever is greater.  It is assumed that the coldplates are 
completely supported by secondary structure, and the loads will be evenly distributed 
among the coldplate attach points. 

4.3.1.2  MOUNTING BOLT FORCES 

The maximum mounting bolt torque for all internal coldplates is 9 Nm.  The maximum 
mounting bolt torque for all external coldplates is <TBD 4-1> Nm. 

4.3.1.3  EQUIPMENT MOUNTING LOADS 

Equipment mounting refers to items to be attached/interfaced to the internal coldplate 

surface(s) to provide conductive cooling.  The maximum mounting bolt torque for 
attached equipment to internal coldplates shall be less than the torque strength values 
for an unpressurized suit or bare hand, for the 5th percentile female as defined in SSP 
57000, Rev. R, Pressurized Payloads Interface Requirements Document. 

4.3.2  WEIGHT 

Coldplates will not exceed the maximum dry weights as specified in Table 4.2-1. 

4.4  MECHANICAL 

4.4.1  INTERNAL COLDPLATE TO SECONDARY SUPPORT STRUCTURE INSTALLATION 

Coldplates will provide mounting holes along the edges.  The spacing of the mounting 
holes will be matched to the mounting surface, but be no closer than 4.0 cm apart.  The 
holes will accommodate 0.19-32 (#10-32) bolts.  The coldplates will be mounted to the 
secondary support structure using a sufficient number of mounting holes such that the 
structural load distributions stated in Section 4.3.1 are not exceeded. 

4.4.2  EXTERNAL COLDPLATE TO SECONDARY SUPPORT STRUCTURE INSTALLATION 

Coldplates will provide mounting holes along the edges.  The spacing of the mounting 
holes will be matched to the mounting surface, but be no closer than <TBD 4-3> apart.  
The holes will accommodate <TBD 4-2> bolts. The coldplates will be mounted to the 
secondary support structure using a sufficient number of mounting holes such that the 
structural load distributions stated in Section 4.3.1 are not exceeded. 

4.4.3  INTERNAL COLDPLATE SURFACE FINISH 

All internal coldplate, active heat transfer area/surface(s) will be stainless steel material. 

4.4.3.1  INTERNAL COLDPLATE LOCAL FLATNESS 

The local flatness on each internal coldplate equipment mounting side(s) will be 0.01 
cm/cm with an overall flatness of 0.03 cm.  The flatness is measure in the fully 
restrained and supported condition. 
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4.4.3.2  INTERNAL COLDPLATE ROUGHNESS 

Coldplate mounting/conductive surfaces will have a surface finish with a maximum 
roughness of 6.3 micro-m RMS (Root Mean Square). 

4.4.3.3  INTERNAL COLDPLATE ENHANCED BONDING SURFACE(S) 

The internal coldplates will provide a stainless-steel bonding surface at the interface 
between the coldplate and the mounted equipment/item(s).  However, an interface 
material may be used for significantly enhanced thermal conductivity at interface and 
must be compliant with the NASA-STD-6016A, Standard Materials and Processes 
Requirements for Spacecraft. The selected material must be easy to release and 
replace, and robust to preclude degradation with equipment placement and 
replacement. 

4.4.4  LOCATION AND ORIENTATION 

The internal coldplates will be mounted throughout the pressurized areas of future 
vehicle/module(s).  It is also possible for coldplates to be mounted externally, to provide 
cooling for external equipment/systems.  The preferred orientation is to locate the 
coldplates such that the crew and/or cameras can inspect the fluid connectors by simply 
removing the applicable close-out panel or other access point. 

4.5  HOLES 

4.5.1  INTERNAL COLDPLATES 

The internal coldplate interface surface(s) will contain through holes (0.64 cm) for 
mounting equipment to the coldplate.  The through holes will be located and spaced in a 
70 mm x 70 mm grid pattern. 

4.5.1.1  SUPPORT STRUCTURE 

The coldplate support structure will provide mounting holes to accommodate capture 
bolts <TBD 4-2> in compliance with the coldplate mounting hole pattern described in 
4.5.1. 

4.5.1.2  FASTENERS 

The coldplates shall be mounted/installed onto the secondary support structure with 
captured bolts <TBD 4-2>. 

4.5.2  EXTERNAL COLDPLATES <TBD 4-4> 

The external coldplate interface surface(s) will include radiative fins to mesh with fins on 
the equipment to be cooled.  The coldplates must be compatible with the requirements 
specified in the International External Robotic Interoperability Standards (IERIS) <TBD 
4-4>. 

4.5.2.1  SUPPORT STRUCTURE 

The coldplate support structure will provide mounting holes to accommodate capture 
bolts to allow attachment to external secondary support structure in compliance with 
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IERIS, including non-interference with the radiative fins and other protrusions/hardware 
on the interfacing equipment to be cooled. 

4.5.2.2  FASTENERS 

The coldplates shall be mounted/installed onto the secondary support structure with 
captured bolts <TBD 4-2>. 

4.5.3  INTERNAL COLDPLATE BONDING REQUIREMENTS 

The coldplates will provide a Class R bonding path in accordance with SSP-30245 from 
the installed equipment to the secondary support structure through the conductive 
contact surface.  Non-conductive materials will not be applied to this surface. 

4.6  INTERNAL COLDPLATE THERMAL PERFORMANCE 

When activated for the mission, coldplates internal to the vehicles/modules shall 
operate while being exposed to the cabin atmospheric conditions described in the 
International Environmental Control and Life Support System (ECLSS) Interoperability 
Standards (IECLSSIS). 

4.6.1  HEAT REMOVAL CAPACITY 

The heat flux requirement is given as the average the coldplate shall remove. The 
coldplates specified in Table 4.2-1 must have a capability to provide/cool an average of  
1 W/cm^2. 

4.6.2  HEAT DISSIPATION TO CABIN AIR 

For coldplates mounted internally in vehicle/module(s), the coldplates will dissipate no 
appreciable heat (in no case exceeding 10% of the coldplate’s load) to the internal 
vehicle/module air system. 

4.7  EXTERNAL COLDPLATE THERMAL PERFORMANCE 

When activated for the mission, coldplates external to the vehicles/modules shall 
operate while being exposed to the environmental conditions provided in the Cross 
Program Design Specification for Natural Environments (DSNE), SLS-SPEC-159, 
Revision D. 

4.7.1  HEAT REMOVAL CAPACITY 

The heat flux requirement is given as the average and maximum the coldplate shall 
remove. The maximum value also denotes the maximum flux that an ORU can impart to 

the radiative interface.  The external radiative coldplates shall accept an average heat 
flux of <TBD 4-5> W/cm2, with a local maximum/peak value not to exceed <TBD 4-5> 
W/cm2. 
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4.8  FLUID INTERFACES 

4.8.1  OPERATING FLUID CHARACTERISTICS 

The operating fluid media for coldplates located externally on the vehicle/module(s) will 
be as shown in Table 3.5-1.1. 

The operating fluid media for coldplates located internally in the vehicle/module(s) will 
be as shown in Table 3.5-1.2. 

4.8.2  EXTERNAL LEAKAGE 

The external leakage of the coldplates shall be verified at the Maximum Design 
Pressure (MDP) per SSP-41172, Rev. AD, Qualification and Acceptance Environmental 
Test Requirements. 

4.8.3  FLUID CONNECTORS 

The coldplates located internal and external to the vehicle/module(s) will be fabricated 
with tube stubs for connection to the internal/external coolant loop(s).  It is assumed that 
all coldplates will be positioned and the fluid connections will be permanently attached 
in place. 

4.9  INTERNAL COLDPLATE ELECTRICAL INTERFACES 

4.9.1  BONDING RESISTANCE 

The coldplates will provide a Class R/H bonding path in accordance with SSP 30245 at 
the physical interface between the installed or interfacing equipment to be cooled and 
the coldplate surface.  The impedance will not exceed 2.5 mohm for DC; 100 mohms at 
1 MHz; and 0.1 ohm for Class H (shock).
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5.0  OPERATIONAL ENVIRONMENTS 

When the thermal control system is activated and operated in the planned mission 
location(s)/environment(s), the coolant and coldplates internal to the vehicles/modules 
shall operate while being exposed to the cabin atmospheric conditions described in the 
International Environmental Control and Life Support System (ECLSS) Interoperability 
Standards (IECLSSIS). 

When the thermal control system is activated and operated in the planned mission 
location(s)/environment(s), the coolant and coldplates located externally on the 
vehicles/modules shall operate while being exposed to the environmental conditions 
provided in the Cross Program Design Specification for Natural Environments (DSNE), 
SLS-SPEC-159, Revision D.
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6.0  FUTURE TOPICS FOR POSSIBLE STANDARDIZATION  

<TBD 6-1>
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APPENDIX A   ACRONYMS AND ABBREVIATIONS 

CDD Concept Description Document 

DSNE Design Specification for Natural Environments 

ECLSS Environmental Control and Life Support System 

GSE Ground Support Equipment 

HFE Hydrofluoroether 

IERIS International External Robotic Interoperability Standards 
IP International Partner 
ISS International Space Station 

MAX Maximum 
MDP Maximum Design Pressure 
MCB Multilateral Coordination Board 
MIN Minimum 

NASA National Aeronautics and Space Administration 

ORU Orbital Replacement Unit 

QVL Quality Verification Level 

REV Revision 
RMS Root Mean Square 

SLS Space Launch System 

TBD To Be Determined 
TBR To Be Resolved 
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APPENDIX B   GLOSSARY 

<TBD App-B> 
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APPENDIX C   OPEN WORK 

Table C-1 lists the specific To Be Determined (TBD) items in the document that are not 
yet known. The TBD is inserted as a placeholder wherever the required data is needed 
and is formatted in bold type within brackets. The TBD item is numbered based on the 
section where the first occurrence of the item is located as the first digit and a 
consecutive number as the second digit (i.e., <TBD 4-1> is the first undetermined item 
assigned in Section 4 of the document). As each TBD is solved, the updated text is 
inserted in each place that the TBD appears in the document and the item is removed 
from this table. As new TBD items are assigned, they will be added to this list in 
accordance with the above described numbering scheme. Original TBDs will not be 
renumbered. 

TABLE C-1 TO BE DETERMINED ITEMS 

TBD Section Description 

< TBD 3-1> 3.5 Determination and agreement on the commercially available, inhibited propylene 
glycol concentrate to be used for the internal coolant mixture.  In addition, need 
agreement on the mixture ratio and open sharing of data from testing in the 
Orion/MPCV program. 

<TBD 4-1> 4.3 Need to define the maximum mounting bolt torque for all external coldplates. 

<TBD 4-2> 4.4 Need to define the bolts to be used for mounting the external coldplates. 

<TBD 4-3> 4.4 Need to define the spacing for mounting of external coldplates. 

<TBD 4-4> 4.5 Additional content is needed for the external coldplates, and updates must be 
coordinated with the Robotics Standards team once their document is further 
developed. 

<TBD 4-5> 4.7 Need to define and agree to the heat flux capacity for external coldplates. 

<TBD 6-1> 6.0 Need to identify future topics for possible standardization. 

<TBD App-B> App.B Need to fill in the Glossary 

   

 

Table C-2 lists the specific To Be Resolved (TBR) issues in the document that are not 
yet known. The TBR is inserted as a placeholder wherever the required data is needed 
and is formatted in bold type within brackets. The TBR issue is numbered based on the 
section where the first occurrence of the issue is located as the first digit and a 
consecutive number as the second digit (i.e., <TBR 4-1> is the first unresolved issue 
assigned in Section 4 of the document). As each TBR is resolved, the updated text is 
inserted in each place that the TBR appears in the document and the issue is removed 
from this table. As new TBR issues are assigned, they will be added to this list in 
accordance with the above described numbering scheme. Original TBRs will not be 
renumbered. 

TABLE C-2 TO BE RESOLVED ISSUES 

TBR Section Description 

<TBR 3-1> 3.5 Need agreement with all IPs that the external coolant fluid will be Novec™ HFE-7200 
produced by 3M™. 

<TBR 3-2> 3.5 Need agreement with all IPs that the internal coolant fluid will be a 35/65 inhibited 
propylene glycol-water mixture. 



ITIS Draft Release Copy 

February 2018 

Verify this is the current version before use D-1 

APPENDIX D   SYMBOLS DEFINITION 

N/A 
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