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The various U. S. government agencies that are pursuing in-space assembly technology 
have a common need to demonstrate technological capabilities on a space-based platform. 
Several of the agencies, and different mission developers within an agency, have independently 
begun planning such demonstrations. This paper reports on a study of how well the different 
planned platforms could support demonstrations of the agencies’ joint needs. The study first 
prioritized a comprehensive list of the needs for in-space assembly capabilities across the 
agencies against jointly agreed evaluation criteria. Each planned demonstration platform was 
characterized to a first order. The capability needs were qualitatively assessed against four 
figures of merit including their joint priority, and the platforms were assessed against five 
criteria to produce a quantitative weighting factor of reach capability need and each platform. 
A Quality Function Deployment (QFD) matrix was used to deploy the weighted capability 
needs against the weighted platforms capabilities. This first-order assessment showed that the 
platforms reflect a great deal of redundant capability without a strong reason to prefer one 
over the others. These results were largely insensitive to the details of the assumptions. 

I.Introduction 

A. Background 
The space-faring agencies of the US government formed a Space Science and Technology (S&T) Partnership 

Forum to explore key, pervasive, and game-changing space technology development efforts of common interest in the 
hope of making more efficient use of government resources. The partners of the S&T Partnership Forum, namely the 
U.S. Air Force, National Aeronautics and Space Administration (NASA), National Reconnaissance Office (NRO), 
Defense Advanced Research Projects Agency (DARPA) and U.S. Naval Research Laboratory (NRL), identified 
autonomous or semi-autonomous in-space assembly of next-generation spacecraft as an area for such collaboration. 
They designated NASA’s Office of Chief Technologies to coordinate the initial effort at cooperation in this field. In 
particular, this included studies and analyses to develop a value proposition and strategic framework for 
cooperation[1], and to identify the technical capabilities needed along with the synergies and gaps in development 
activities, and to correlate technology development roadmaps[2]. A third major task, reported here, assessed the joint 
priority across the partners of the technical capabilities needed for in-space assembly and how readily the planned 
technology demonstration mission systems could demonstrate them. Figure 1 shows the overall flow of the effort, 
with the purple and blue analysis boxes and lines showing the tasks in this study. All the analyses relied on data 
generated by members of the S&T Partnership. 
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The capability need cost assessments were quantified using the conversions in Table 1. The priority score, along 
with the cost factors, were assigned relative weights. The baseline weights for the four factors are provided in Table 
2. High scores reflect high value / lower cost. 

 
Table 1: Capability Need Cost Factor Scoring 

 

Table 2: Capability Need Evaluation Factor Weighting 
Cost Evaluation Scoring Factor Weighting 

None Minor Significant Major Priority Development 
Cost 

Certification 
Cost 

Launch 
Mass Cost 

10 9 4 1 5 3.5 1 4 

B. Demonstration Platform Characteristics 
The partner agencies have plans to demonstrate in-space assembly on various platform. The possibility of using 

the International Space Station for technology demonstration, though not being actively planned, was also considered. 
Each demonstration platform was investigated by surveying publically available information and talking to subject 
matter experts in order to characterize its capabilities and limitations, its strengths and weaknesses.  

1. The International Space Station. 
The International Space Station (ISS) offers a large physical structure 
in low earth orbit that provides docking and berthing access for crew 
and cargo vehicles, all routine spacecraft platform services, and, 
uniquely, crew access via robotics or EVA. It is routinely visited by 
commercially-operated cargo vehicles. ISS is equipped with five 
external mounting locations with power and data connections. It has a 
long reach (20 m) arm that accommodates a dexterous manipulator but 
has limited precision. ISS’s Japanese Experimental Module also has 
external exposure access and two robotic arms, one with fine 
precision, but limited volumetric capacity. ISS’s relatively low 
altitude allows the possibility of remote operation on board. Although 
ISS has significant capacity for external payloads, certification costs, availability, and the challenges of off-nominal 
operations complicate its use as a demonstration platform for in-space assembly. As a crewed platform, ISS imposes 
stringent safety requirements that increase the cost of certifying a payload relative to uncrewed platforms. NASA has 
announced plans to decommission ISS in the mid-2020s, but plans for commercializing it are also being considered. 

2. James Web Space Telescope (JWST) Pathfinder 
The JWST Pathfinder is a ground test article that was used to shake 

out the assembly of the JWST backplane. It consists of the structure 
for the center section and two wings, several mirror blanks, and 
secondary mirror support structure. For in-space assembly 
demonstrations, the Pathfinder could be repurposed and installed on 
ISS to demonstrate assembly of optical systems in space. A space-
based Pathfinder demonstration explicitly expects to demonstrate 
human assistance to robotic operation. As structural space telescope 
hardware, Pathfinder, combined with the resources on ISS, is well 
suited for demonstrating several capabilities for large telescopes or 
antennas, including precision positioning techniques, edge matching 
of mirror segments, working between the substrate and mirror, and 
connecting utilities across joints. However, as existing hardware with 
a special purpose, it will be difficult to adapt Pathfinder to support 
demonstrations of other in-space assembly capabilities. Pathfinder 
would also provide an opportunity to study human and robotic coordination for iSA. 

 
Figure 2: the International Space Station 

 
Figure 3: Concept drawing of JWST 
Pathfinder on ISS 

NASA graphic 

NASA graphic 
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3. Restore-L 
Restore-L is an in-space servicing technology demonstration 

mission being developed by NASA’s Space Technology Mission 
Directorate (STMD), with Space Systems Loral (SSL) as the 
spacecraft bus provider. Restore-L’s mission is to autonomously 
rendezvous with and service Landsat-7, a satellite in a sun 
synchronous, low-Earth orbit that was not originally designed to 
be serviced in space. The mission is currently planned for the mid-
2020s. In addition to autonomous real-time navigation, 
rendezvous, and docking, Restore-L includes two dexterous 
robotic arms and advanced, multifunctional tools to grapple and 
service the spacecraft and a propellant transfer system to 
demonstrate refueling. Restore-L’s grapple and docking system 
will allow it to accept delivered modules with new assembly 
demonstration packages. The onboard robotics and autonomy will enable Restore-L to support demonstration of a 
wide range of in-space assembly capabilities, including the ability to demonstrate new tools via a standard tool 
interface.  

4. Robotic Servicing of Geosynchronous Satellites (RSGS) 
The RSGS a public-private partnership between DARPA, Space 
System Loral (SSL), Tethers Unlimited, and MDA US Systems LLC. 
DARPA’s interest is in demonstrating the technology for satellite 
servicing in geosynchronous orbit; if successful, SSL intends to use 
the platform to provide commercial satellite servicing and can also 
make its capability commercially available for technology 
demonstrations such as those for in-space assembly. RSGS’s core 
functions include the ability to grapple and manipulate other space 
vehicles using two robotic arms. It has the ability to change end-
effector tools; its toolset is initially limited to those that are specialized 
for satellite servicing but standard interfaces and other features make 
it possible to expand its abilities to provide to related functions. 
Although RSGS’s location in geosynchronous orbit makes access to it 
more costly than to the other platforms considered, we note that 
DARPA has also a demonstrated a system called Payload On-board Delivery System (PODS), which is configured to 
take advantage of rideshare opportunities to geosynchronous orbit in a cost-effective way, somewhat mitigating this 
disadvantage. 
5. Commercial Infrastructure for Robotic Assembly and Servicing (CIRAS)  

CIRAS is a proposed public-private partnership between NASA, 
NRL, and Space Logistics Service, LLC, a subsidiary of Northrup–
Grumman (formerly Orbital-ATK). It is configured to demonstrate 
key technologies for robotic assembly and servicing, especially a 
long reach, light weight robotic arm capable of precision action at a 
distance. The CIRAS technology demonstration mission would be 
based on a Cygnus cargo pod that had completed its delivery to ISS 
but before its destructive reentry to Earth. Space Logistics Services 
has announced plans to incorporate the technology demonstrated on 
CIRAS with other technology developed for its satellite servicing 
Mission Extension Vehicles (MEVs). MEVs would provide 
synchronous orbit platforms that are capable of supporting in-space 
assembly technology demonstrations along with their primary 
mission of satellite servicing. The analysis in this study only 
includes the capabilities associated with a government-supported 
CIRAS mission, not the company’s plans for privately owned and operated commercial systems. 

C. Platform Figures of Merit 

 
Figure 4: Restore-L servicing demonstration 
with Landsat-7. 

 
Figure 5: RSGS Platform for satellite 
servicing and technology demonstrations. 

 

Figure 6: CIRAS Robotic Space Assembly 
Technology Demonstration Mission 

DARPA graphic 

NASA graphic 

Northrup Grumman graphic 
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1. Output Scores 
To analyze the demonstration platform data, three different quantitative scores were generated for each platform.  
�x Overall platform value function generated by the QFD. This was calculated as described in Section III.B. 

The results were not normalized. 
�x High readiness percentage. This determined the percentage of the capability needs that had a readiness rating 

of “none” or “minor” as defined in Section III. B. 
�x Optimal platform by count/percentage. This determined the percentage of capability needs that each platform 

was considered optimal to support. The optimal platform for each capability need is included in Appendix 
A, Table 9. 

The results of these three outputs plus the intrinsic platform value described in Section III.B are shown in Table 7. 
 

 
Because these results depend on the specific input parameters and encompass different many assumptions, they 

require careful interpretation. The clustering of values and the qualitative nature of the evaluation suggests that small 
differences would not be particularly significant. Furthermore, these results reflect the full range of capability need 
priorities, including low priorities and those that are of interest to only one of the S&T partners. The analysis team 
also discovered some ambiguity in the understanding of “readiness,” namely whether the platform was ready to 
provide only spacecraft bus services like power and communication, leaving the full burden of the specific 
demonstration on the payload, or whether it could provide generic in-space assembly services such as a capable robotic 
manipulator, thus easing the requirements on the payload. The results above generally reflect the latter; complete 
resolution of this ambiguity awaits future work. 

2.  Filtering 
To improve the usefulness of the analysis, the tool was configured to filter the results in various ways appropriate 

to a user’s specific inquiry. The filters could be used in any combinations. 
�x Priority percentile categories. The capability need priority score was normalized as percentile. The individual 

priorities could be binned into a variable number of percentile groups from two halves to ten deciles and the 
results filtered to include any combination of those percentile groups (e.g. top half, top three quintiles). 

�x Platforms included: any combination of the five platforms could be considered together with the others 
excluded. 

�x Commonality: the results could be filtered to include any combination of commonality as defined in Section 
III. A: cross-cutting, bilateral, and unilateral. 

�x Scenario: the result could be filtered to examine only the capability needs required by the selected scenario, 
as described in Section III. C.  

3. Secondary outputs 
The analysis was configured primarily to determine which platform produced the highest output score using one 

of the three scoring criteria described above and considering the filters applied; it also graphically represented how 
the other platforms scored in comparison. The tool was also set up to reflect other outputs against the same output 
score and filters: 

�x Second best platform: the platform with the second highest output score. 
�x Best complement platform: the platform that had the highest output score considering only those capability 

needs for which the optimal platform readiness was not evaluate as high, the “none” or “minor” ratings 
described in Section III. B. 

C. Sensitivity Analysis 
Varying the weighting used to prioritize the capability needs showed the results within the top 20 capabilities in 

Table 6 to be largely insensitive to changing multiple analytical assumptions. 
Sensitivity of the platform value analysis was tested by varying the baseline platform availability assessed against 

the criteria and scoring shown in Table 3 and the platform figure of merit weighting shown in Table 4. These values 
generated the platform value used as the weighting in the QFD. To assess the sensitivity to the expected platform 

Table 7: Platform Assessments 
 ISS Pathfinder Restore-L RSGS CIRAS 

Platform Intrinsic Value for QFD weight 0.86 0.86 0.89 0.91 0.83 
QFD-Generated Platform Value  19.4 14.5 21.5 22 13.1 

High Readiness Percentage 79% 51% 67% 71% 51% 
Optimal Platform Percentage 15% 13% 15% 50% 13% 
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