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Introduc-on 

•  One or more technology milestones must be proposed as 
part of a TDEM proposal 

•  Milestones are measured steps to verify technology 
readiness tied to the performance of a specific mission.     
It can be one or more elements of the “3-legged stool”: 

Based on a mission error budget w/ sub-system allocations: 

1.   Demonstrate technology through laboratory experiments to 
quantified goals traceable to an error budget allocation 

2.   Validate technology demonstration models & error budget 
sensitivities  

3.   Apply validated models to mission analyses and error 
budget to demonstrate that the on-orbit performance is 
achieved 
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Milestone Criteria 

•  Advancement to the next TRL level requires that all 3 steps be sa-sfied 
using TRL maturity defini-ons in NPR 7120.8 Appendix J: 
–  Experimental demonstra-on of the component/subsystem/system technology 

–  Model valida-on of the experimental demonstra-on, including error budget sensi-vi-es 

–  Verifica-on of the mission error budget using the validated models 

•  A milestone can be any of these 3 steps required to achieve par-al TRL 
advancement and must sa-sfy at least one of the three criteria: 
–  Experimental demonstra-ons of milestone performance must be stable and repeatable, 

thereby demonstra-ng that the result is not spurious or transient; 

–  Model must be validated against laboratory results at Milestone levels within specified 
bounds defined through flight error budget tolerances, thereby establishing that the 
behavior and its sensi-vi-es are thoroughly understood;  

–  Error budgets for the representa-ve mission must be consistent w/ the validated models 

•  Notes: 
–  The model fidelity and complexity is commensurate with the TRL level, as it is with 

hardware. 

–  Demonstra<ng technology to flight performance levels is not required for TDEM as long 
as it is explained how the proposed demonstra<on matures the technology towards a 
flight goal as part of a longer term technology effort. 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Expanded TRL Defini-ons: 4 ‐6 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TPF‐C Example:  

Starlight Suppression Milestones & TRLs 

Other Milestone examples in TPF-C Technology Plan (2005) 
http://planetquest.jpl.nasa.gov/TPF/TPF-CTechPlan.pdf 
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What needs to be included in the proposal? 

•  A clear jus-fica-on of the current TRL of the target technology 
–  At a minimum must be at TRL 3 with a proposed advancement to TRL 4. 

•  An error budget for a representa-ve flight mission with sufficient detail 
down to the component/sub‐system level to quan-fy the performance 
goals of the proposed technology demonstra-on. 

•  A high‐level descrip-on and jus-fica-on of the milestone in the context of 
how it matures it to flight;  
–  enough informa-on that the significance of the milestone is easily understood. 

•  The resources, general approach, and schedule that will be used to abain 
the milestone 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References and Examples 

•  Technology Readiness Levels as defined in NASA 
Procedural Requirements NPR 7120.8 
–  http://nodis3.gsfc.nasa.gov/displayDir.cfm?

Internal_ID=N_PR_7120_0008_&page_name=AppendixJ 

•  TPF-C Technology Plan & Milestone Reports 
–  http://planetquest.jpl.nasa.gov/TPF-C/tpf-C_index.cfm 

•  TPF-I Technology Milestone Whitepapers & Reports 
–  http://planetquest.jpl.nasa.gov/TPF-I/

tpf_currentStatus.cfm 
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Milestone Process 

•  Milestone Whitepaper 
–  A detailed document describing the goal of the milestone demonstra-on and 

the criteria by which it will be met 

–  It is the contract that describes the work to be undertaken 
–  Signed by the PI, the Exoplanet Program representa-ve, and NASA HQ 

•  Lawson will guide you through the process on behalf of the Exoplanet 
Program 
–  Assist in edi-ng the Whitepaper, if appropriate 

–  Coordinate the date of the review with the independent panel 
–  Moderate the review on behalf of the PI 

–  Track issues to be resolved 
–  Nego-ate changes and coordinate the signing of the final draf 

•  Milestones will be reviewed and approved by an independent board 
appointed by NASA HQ (EIRB) and select members of the ExEP Program. 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Typical Milestone Whitepaper Table of Contents 

1.  Objective 

2.  Introduction 

i.  Testbed and/or model description 

ii.  Definition of demonstration goals and traceability to flight 
mission error budget allocation 

iii.  Differences between flight and lab demos and/or models 

3.  Milestone Procedure 

i.  Definitions 

ii.  Measurement / analysis approach, including: 

•   assumptions, calibration of test/modeling errors, … 

iii.  Validation methodology 

4.  Milestone Criteria 

5.  Certification Process 

6.  References 
7/8/2009 9 TDEM NRA Briefing 
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(Example) Milestone Success Criteria 

•  Define the  

–  Wavelength and minimum bandwidth to be used 

–  Performance metric (i.e. starlight rejection) 

–  Threshold performance required for success 

•  Maximum mean value calculated over an angular region, or as a 
function of time for a given period 

–  Duration of the tests or time-series of data 

•  Each time series will be n-hours or more 

–  Number of repetitions of the experiment 

•  Typically three repetitions 

–  The time between experiments 

•  Typically 48 hours 

•  For model validation, provide model fidelity goals based on 
error budget tolerances 
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An Example Timeline (I) 

•  Lawson will schedule a review by telecon about 1 ½ or 2 
months in advance of the an-cipated date 
–  www.doodle.com 

•  The PI will send a draf whitepaper to the independent panel 
~2 weeks prior to the review 

•  The panel will compile a bulleted or numbered list of detailed 
comments in a single Word document and email it for 
considera-on of the PI about 3 days prior to the review 

•  The PI will send his responses to the panel just prior to the 
telecon; the Word document itself is edited and returned. 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An Example Timeline (II) 

•  The telecon will last about 1.5 – 2.0 hours.  Most issues will 
already have been resolved by the previous exchanges.   
–  The list of comments and responses will be read through.   
–  Most discussions will simply be to clarify the issues and concerns 

–  Changes to the text will be nego-ated and noted 

•  About 2 or 3 weeks afer the review, a revised draf will be 
sent to the panel, along with the edited Word document 
no-ng where the changes have occurred. 

•  If the panel is in agreement (by email) that all issues have 
been resolved, the panel will recommend that the document 
be signed, and the signature page will be circulated. 

7/8/2009 12 TDEM NRA Briefing 



Ex
oP

la
ne

t E
xp
lo
ra
-o

n 
Pr
og
ra
m

 
The Milestone Report and Review 

•  The Milestone Report is almost a carbon copy of 
the Whitepaper, repeating all that content but 
now also including 
–  Laboratory and/or Modeling Results  

•  Show all the required experimental / analysis data 
•  The criteria are stepped through and shown to be met 

–  Conclusion 
•  Because all the criteria have been met, the milestone has 

now been demonstrated 

•  The Report review process is essentially the same 
as the Whitepaper review 
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Sugges-ons 

•  Make it easy for the review panel to help you. 

•  Provide a detailed and clear description of the milestone 
experiment and its relevance to flight 
–  Include a diagram of the experimental layout and components.  

Provide photographs if possible. 

•  Explain the path forward to future milestones and the 
overall technology plan or roadmap 

•  Provide background material and references from the 
refereed literature 

•  Make absolutely sure the success criteria are unambiguous 
and not needlessly restrictive 

•  Do your utmost to resolve all major issues and/or 
misunderstandings prior to the date of the telecon 
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Exoplanet Program Point of Contact 

For questions concerning technology milestones 
contact: 

Dr. Peter Lawson 
Jet Propulsion Laboratory 
4800 Oak Grove Drive 
Pasadena, CA 91109 

Telephone: (818) 354-0747 
Email: Peter.R.Lawson@jpl.nasa.gov 
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