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Background
•

SMD is interested in advancing exoplanet science which benefits from everincreasing large telescopes to detect theses faint objects and characterize
them through spectroscopy.
– Large telescopes also advances many topics in general astrophysics

•

But why do these telescopes have to cost so much? Is there a way to break
the cost model of telescopes that appears to go as something like $ D2-3?

•

Last November, Harley Thronson (NASA GSFC) led a Workshop on inSpace Servicing & Assembly

70+ participants from government, industry, and academia
https://exoplanets.nasa.gov/exep/technology/in-space-assembly/
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TIM Suggestions (1 of 2)
Commission a design study to understand how large-aperture telescopes
could be assembled and serviced in space
– Suggest joint SMD/STMD/HEOMD study with industry and academia
participation
– Multi-disciplinary, multi-institutional
– Initiate the study in time for initial results to be available to Gateway and
robotics designers within 2018, but certainly before end 2019.

1.

Produce several iSA concepts and prioritize them

2.

Select one implementation concept for a deeper engineering study
a) identify capability needs, SOA, and technology gaps and produce a list of
technologies that could be demonstrated to close these gaps
b) assess opportunities for engineering demonstrations that may be deployed on
the ISS within the next few years.
c) determine balance of human and robotic support
d) understand servicing options
e) produce an early list of preliminary interface consideration to the DSG

3.

Estimate the cost and understand scaling laws to compare costs/risks to
an autonomously deployed telescope
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#8) Why Now?
• There are large future space observatories being studied and designed
today to be serviceable but the servicing capabilities do not currently exist.
• There are large future space observatories being studied and designed
today that are limited by current and future launch vehicle fairing sizes.
– “We are now hitting a wall [towards what is possible]”

• Potential space telescope missions planned to be serviced and/or
assembled in the 2030s need to start their technology activities in the
2020s.
• A valuable venue for assembly demonstrations, the ISS, may be
decommissioned in the mid-2020s.
• There is a near-term opportunity to inform the 2020 Decadal Survey about
the potential benefits of iSSA as a potential implementation approach for
future large apertures and the current SOA.

• There is at present a window of opportunity through 2019 to recommend
augmentations to the DSG team before their designs are frozen.
– March-July 2018 is the optimal window
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Study Objective and Deliverables
• Study Objective:
– “When is it advantageous to assemble space telescopes in space rather
than to build them on the Earth and deploy them autonomously from
individual launch vehicles?”

• Deliverables:
A whitepaper by May 2019 assessing:
1. the telescope size at which iSA is necessary (an enabling capability)
2. the telescope size at which iSA is cheaper or lower risk with respect to
traditional launch vehicle deployment (an enhancing capability)
3. the important factors that impact the answers (e.g., existence of HEOfunded infrastructure, architecture of space telescope (segments or other),
cryogenic or not, coronagraph capable (stability) or not, etc.)
4. A list of technology gaps and technologies that may enable in-space
assembly

The intention of the whitepaper is to inform NASA and the 2020
Decadal Survey of the cost and risk benefits of the iSA of telescopes.
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#3) How does iSSA reduce cost and risk,
both technical and programmatic? (2 of 4)
Potential cost savings offered through iSSA:
• Eliminates engineering design work and testing required to (1)
creatively fit large structures into existing fairings and (2) autonomously
deploy
– JWST invested a significant effort into designing and testing the telescope’s
folded wing design; even more for the observatory deployment with 40
deployable structures and 178 release mechanisms (all of which must work
for the deployment to be successful)

• Reduces need for hardware redundancy
• Reduces system “ruggedization” to survive launch environment
• Reduces need for new and unique ground test facilities
– JWST required new ground facilities to be built

• Reduces the need for a large standing army during I&T
• Leverages existing and less-costly medium-lift LVs
• New instruments can be swapped out over longer periods of time
before new additional observatories are needed
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#3) How does iSSA reduce cost and risk,
both technical and programmatic? (3 of 4)
Potential new challenges may also INCREASE costs:
• Would a full-scale, robotically-assembled telescope have to be
demonstrated on the ground to mitigate concerns and risks? And then
disassembled?
• New robotic capabilities will be required as part of iSA that would not be
required in the autonomous deployment approach.

• New “standing army” post launch
– Potential additional cost for any astronauts in the loop

• Sending multiple modules into space for assembly will require new
containers and interfaces needing to undergo environmental testing.
• New Earth-based problems yet unknown in standardization and assembly,
as well as new unknown problems created in space, will likely need to be
solved.

#3) How does iSSA reduce cost and risk,
both technical and programmatic? (4 of 4)
Risk reduction opportunities arising from iSSA
• Reducing risk becomes increasingly more important as mission costs
increase.
• Future larger observatories are likely to require more complex
deployment schemes. iSSA can mitigate risk of failure by:
– Modularizing the design enabling repair and replacement of faulty sections
– Designing servicing capabilities (robotic and/or human) into the
architecture
– Minimizing single-point failures
– Enabling end-to-end testing (often not possible on ground)

• iSA does not require next-generation launch vehicles
– Several future mission concepts under study rely on the SLS Block II

• Launch failure need not be equivalent to mission failure
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Plan Forward
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Study Charter

• Draft Charter written and will
be submitted for signature by
the Sponsors.

• The iSAT Study Working
Group is intended to represent
expert knowledge in the area
of telescope design and
architecture, assembly and
testing across academia,
NASA, other gov’t agencies,
and industry.

***
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Activity 1a
Concept Design and Architecture for the iSAT
Select a reference design and architecture concept for a 20 m,
filled aperture, non-cryogenic space telescope to be assembled
and tested in space.
– Paradigm shift in architecture: Modularization
– An example, from the 2012 OpTIIX study (NASA JSC/GSFC/JPL/STScI):
Fine
Steering
Tertiary

M2

Coarse
Steering
Mirror

M1

3 Mirror Anastigmat
Telescope
(1.45 m aperture)

6 launch modules
for assembly
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Activity 1b:
Concept for Assembling and Testing the ISAT
Select a reference in-space assembly and testing concept for the
"assemble-able" space telescope architecture, defining robotics,
orbit, launch vehicle, and assembly platform.
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Activities 2a and 2b
Detailed Engineering Design and Costed
Activity 2a: Advance the engineering fidelity of the concepts
sufficiently so that they can be costed.
a) Inputs from Activity 1a and 1b
b) Select a team of NASA engineers, academia, government labs, and
commercial companies to conduct the work.
c) Needs funding

Activity 2b: Estimate, through an independent body, the cost of
designing, architecting, assembling, and testing the reference 20
m space telescope?
a)
b)
c)

Input design from Activity 2a
Identify risks
Parameterize the cost to smaller apertures
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Activity 3
Deliver Final Whitepaper
Write and deliver the Final Whitepaper
a)

Submit to APD Director who submits to 2020 Decadal Survey
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Participants and Roles
(US Persons Only)
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The iSAT Study Working Group
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Our Sponsors

Dr. Paul Hertz
Director
Astrophysics Division
NASA Headquarters

Mike Seablom
Chief Technologist
Science Mission Directorate
NASA Headquarters
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Steering Committee and Study Leads
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Study Members

Expect changes to
the Study Members
for the Assembling
and Testing
concepts (Activity
1b)
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Role of the Study Members
1. The heart of the Study – the folks whose recommendations will
lead to a new paradigm (or not)…
2. Will generate criteria of evaluation
3. Will generate concepts of modularized telescope designs and
architectures (a.k.a. options)
– …and later the assembly and testing concepts

4. Will provide the Study with evaluation teams
5. Will reach consensus on the criteria assessment for each
concept
6. Membership will change from “telescope design and
architecture” focus to “robotic assembly, orbit, platform,
launch vehicle, and test” focus
7. Bi-weekly telecons
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Subject Matter Experts, Observers, and Guests

Subject Matter Experts, Guests, Observers are
invited by the Study Leads and Steering
Committee Group and participate as needed.
Consultants are subject-matter experts necessary
to inform the trade recommendation. Expectations
on the frequency and degree of participation are
lower than for the Study Members. These
participants are not required to be in consensus
with the Study Members, though are welcome to
participate in the full iSAT Study Working Group
deliberations. (iSAT Study Charter)
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Consensus
Drawn from NASA Policy
• Consensus decisions
– May produce more durable decisions than those by votes or decree.
– However, convergence time can be a factor.

• We adopt a Constrained Consensus method defined as:
Strive for consensus in the reasonable time available, else, the leaders make a
decision. Dissent (if any) is captured and the groups moves on with full support
of the decision.

• Follow 7120.5E, Ch 3.4, “Process for Handling Dissenting Opinion”
– Three options:
(1) Agree,
(2) Disagree but fully support the decision,
(3) Disagree and raise a dissenting opinion

– Treat (1) and (2) as consensus for iSAT Study Working Group
– Dissents (3) if any will be documented and delivered to the Study Leads and
to the Sponsors
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Process
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How will iSAT Study WG Produce a Recommendation?

• Examples of Recommendations following this Trade Process:
– WFIRST Coronagraph:
http://wfirst.gsfc.nasa.gov/science/AFTA_Coronagraph_Arch_Selection/Coronagraph_Downselect_Rec_Dec13_2013.pdf

– Starshade Readiness Working Group:
https://exoplanets.nasa.gov/system/internal_resources/details/original/339_SSWG_APD_briefing_final.pdf

– Starshade Mechanical Deployment Trade Study
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Features of Kepner-Tregoe Decision Process
Systematic Decision Making
Process Overview
Description

Decision Statement
Option 1

Option 2

Option 3













Rel score
Rel score
Rel score
Score 1
C
L
M
L
H
H

Rel score
Rel score
Rel score
Score 2
C
L
M
L
M
M

Rel score
Rel score
Rel score
Score 3
C
L

Agree on
Evaluation Criteria
and Weights

•

Document Options
and Description

•

Evaluate Options
vs Criteria

•

Reach Consensus
on Evaluation

•

Document Risks,
Opportunities

•

Recommendation
accounting for
Risks, Opportunities

Feature 1
Feature 2
Feature 3
Musts

Evaluation

•

M1
M2
M3
Wants
W1
W2
W3

Weights
w1%
w2%
w3%
100%

Wt sum =>

Risks
Risk 1
Risk 2
Final Decision, Accounting for Risks

C = Consequence, L = Likelihood

A little consensus at a time

Credit: Gary Blackwood (NASA JPL)
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Example of a Completed Trade Matrix

Name of presentation or other info goes here
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Next Steps

Next Steps
• Subsequent Telecons with the entire Working Group
– Bi-weekly cadence
– Advance work on Selection Criteria

• First Face-to-Face Workshop for the Working Group
– June 5-7 at Caltech
– Focus is on Activity 1a: Designing and Architecting a Modularized
Telescope
– Draft Agenda completed
– Breakout sessions
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Draft Schedule (Under Review)

Not yet
funded

Date Goes Here

Name of presentation or other info goes here
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