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ANNEX A 

STATEMENT OF WORK 

A.1 SPACE TECHNOLOGY DEVELOPMENT PROGRAM BACKGROUND 

The Space Technology Development Program (STDP) mandate is to formulate, implement and 
manage contracted out research and development (R&D) projects in response to identified 
needs. Its objectives are to develop and demonstrate strategic technologies that have a strong 
potential for having a positive impact on: 

• Reducing technical uncertainties for future Canadian space activities; 

The STDP will therefore support the development of technologies to meet the current and future 
needs of the Canadian Space Program (CSP). 

A.2 OBJECTIVES 

The objective of this Statement of Work (SOW) is to develop 23 Space Technologies that are in 
line with the Canada Space Agency’s (CSA) priorities and mission roadmaps. For every Priority 
Technology (PT) listed herein (see APPENDIX A-5 of ANNEX A), the work solicited is the 
development and advancement of these technologies up to potentially TRL 6 (Technology 
Readiness Levels), (see APPENDIX A-1 of ANNEX A) to reduce technical uncertainties and 
support approval and implementation of specific potential future space missions of interest to 
Canada. 

A.3 SCOPE 

This document provides the requirements and deliverables for projects selected to develop and 
advance technologies that are critical for the approval and implementation of potential or planned 
future Canadian space missions. 

A.4 PRIORITY TECHNOLOGIES  

Priority Technologies are those that have been established by the CSA as the critical or strategic 
technologies to be developed to meet the objectives of the CSA.  The contracts to be awarded 
are to respond to one of the Priority Technologies Specific Statement of Work detailed in 
APPENDIX A-5 of ANNEX A. 

A.5 DOCUMENT CONVENTIONS 

A number of sections in this document describe controlled requirements and specifications and 
therefore the following verbs are used in the specific sense indicated below: 

a) “Shall” and “Must” are used to indicate a mandatory requirement;  

b) “Should” indicates a goal or preferred alternative rather than a requirement. Such goals or 
alternatives are to be treated on a ‘best efforts’ basis, and are subject to verification as 
requirements are. The actual performance achieved must be included in the appropriate 
verification report, whether or not the performance goal is achieved; 

c) “May” indicates an option; 

d) “Will” indicates a statement of intention or fact, as does the use of present indicative active 
verbs other than those listed at a-c above. 
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A.6 GENERIC TASK DESCRIPTION 

This section presents the potential activities that might take place during typical STDP projects 
and are deemed appropriate within the required TRL range. Tasks will vary for different projects 
according to targeted TRLs and may include, but are not limited to, the standard project activities 
listed below in Table A-1: Guideline of Activities.  Contractor should use the following guideline 
table to select the appropriate required activities in order to satisfy the conditions for the targeted 
TRLs. Technology Readiness Levels (TRLs) describe the standard language of the maturation 
process for technology development and evolution. TRLs are described in APPENDIX A-1 of 
ANNEX A.  

 

 

 

List of Activities 

Project Management * 

� Meetings  

� Progress Monitoring 

� Finance Management  

� Reporting 

� Preparation of Final Data Package  

� Risk Management  

� Configuration management 

Sub-Contractor Management 

� Procurement Plan 

Needs Analysis 

� Mission Definition 

� Definition of Mission Requirements 

� Environment Definition 

� Technology Drivers and Constraints 

� Requirements 

Obtain Current Mission Documentation, and Technology Requirements 

Define further Technology Requirements in terms of functional and 
performance characteristics 

Conceptual Design 

� Functional Analysis and Allocation 

� Develop Operations and Development Concepts 

� Cost Estimates 

� Schedule Estimates 

� Risk Analysis 

� System Studies and Trades 

� Identify Driving Requirements and Associated Risks 

� Modeling and Prototyping  

Design and Development Plan 

Analysis 

Simulation 

Documentation / technical writing 

Concept Design Review 

Preliminary Design Review 
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Critical Design Review 

Breadboard Development Plan 

Algorithm Development 

Define System Failure Modes 

Failure Modes Effects and Analysis 

Assembly processes development 

Process and Test Documentation 

Test Data Preparation 

Evaluation of Performance 

Test System Development 

Component test 

Acceptance test 

Stand-alone functional test 

Test procedures and reports 

Develop formal specifications and interface control 

Fabrication 

Assembly and Test 

Integration, Testing, Verification & Validation 

Compliance 

Field Trials and Demonstrations 

 

Table A-1: Guideline of Activities  

* CSA considers that nominal project management effort should not exceed 15% of total effort. 

A.7 CONTRACT DELIVERABLES AND MEETINGS 

This section reviews and describes the contract deliverables and meetings.   

 

Figure A-1 is a guideline, which provides a master Milestone Schedule for typical contract 
duration of twelve (12) months.  The figure highlights a sample schedule for the major meetings 
and deliverables. 

 

 

 

Figure A-1: Sample Meetings and Deliverables Master Schedule 
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Table A-2 contains the list of meetings, expected items to be covered during those meetings, and 
the associated contract deliverables.  In addition to the mandatory deliverables (CDRL 1 to 16), 
Priority Technology specific deliverables are identified in APPENDIX A-5 of ANNEX A Those 
should be identified in the bid.  

CDRL 
No. 

Deliverable Due Date Version 

1 Meeting Agendas Meeting – 2 week Final 

2 Kick-off Meeting Presentation Meeting – 1 week Final 

3 
Quarterly or Milestone/Progress 
Review Meeting Presentation 

Meeting – 2 week Final 

4 Final Review Meeting Presentation Meeting – 2 week Final 

5 Meeting Minutes Meeting + 1 week Final 

6 Action Items Log (AIL) Meeting + 1 week Final 

7 Monthly Progress Reports 7
th
 of each Month Final 

8 Milestone/Progress Technical Report Meeting – 2 weeks Final 

9 Disclosure of Intellectual Property  End of contract – 2 weeks Final 

10 Executive Report End of contract – 2 weeks Final 

11 
Final Milestone/Progress Technical 
Report 

End of contract – 2 weeks Final 

12 Prototypes * At Final Review Meeting Final 

13 
Equipment (purchased under the 
contract) 

At Final Review Meeting Final 

14 Software Meeting – 2 weeks Final 

15 
Government Furnished 
Equipment/Data 

At contract end Final 

16 
Final Data Package Final review meeting + 1 

week 
Final 

17 
Asset Declaration Form – Prototypes 
and Equipment (APPENDIX A-4 to 
ANNEX A) 

End of contract – 2 weeks Final 

 

Table A-2: Schedule of Contract Items 

 

* The decision regarding the delivery of any prototype is to be made by the CSA at the end of 
each contract completion.  

 

A.7.1 DOCUMENTATION, REPORTING AND OTHER DELIVERABLES 

This section contains the lists of deliverables and describes their respective content and format.  
All documents must be typed and all diagrams must be clearly drawn and labeled.  The 
Contractor must submit an electronic copy of each of the deliverable documents. Each electronic 
file must be named in accordance with CSA directives and with the federal government legislation 
and policies on managing information so as to be easily identified.  The following guidelines detail 
how to name electronic documents. 
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Priority Technology specific deliverables descriptions of content and format are presented in 
APPENDIX A-6 of ANNEX A, Data Item Descriptions.  

Documents must contain 3 main components: 

� Project Identifier, 
� Contract Number, and 
� Date Tracking Number. 
 

WXYZ-TYPE-NUM-CIE_Contract Number_sent Date Tracking Number 

 

Project Identifier 

 
The project identifier must contain: 
 

� WXYZ: a 4- to 8-letter acronym of the project; 
� TYPE: a 2-letter acronym according to the Table A-3 below: 

 

Acronym Description 

AG Agenda 

MN Minutes of meeting 

PT Presentation 

PR Progress Report 

TN Technical Note 

 

Table A-3: Letter Acronym Definition 

 

� NUM: a three digit sequential number (e.g., 001, 002, etc.); and 
� CIE: name of company (no space, no hyphen). 

 

Contract Number 

For example: _9F028-07-4200-03 

 

Date Tracking Number 

This is to reflect the submission date and must follow the Year-Month-Day format. For 
example: _sent 2012-10-25 (for 25 October 2012). 

 

Non-Disclosure 

The documents will not be placed in the public domain, except for the Executive Report (see 
A.7.1.3).  The Contractor must indicate the following proprietary notices:  
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On the cover: 

©   Contractor, 20XX 

RESTRICTION ON USE, PUBLICATION OR DISCLOSURE OF PROPRIETARY 
INFORMATION 

This document is a deliverable under contract No._________. This document contains 
information proprietary to Contractor, or to a third party to which Contractor may have 
legal obligation to protect such information from unauthorized disclosure, use or 
duplication. Any disclosure, use or duplication of this document or any of the information 
contained herein for other than the specific purpose for which it was disclosed is 
expressly prohibited except as Canada may otherwise determine.  When the Intellectual 
Property (IP) is disclosed for government purposes, Canada will take every effort to 
protect information that is proprietary. 

 

On all internal pages: 
 

Use, duplication or disclosure of this document or any of the information contained herein 
is subject to the Proprietary Notice at the front of this document. 

A.7.1.1 MONTHLY PROGRESS REPORT 

On a monthly basis, no later than the seventh (7
th
) of each month, the contractor must provide 

monthly progress reports. It is requested that an electronic copy of this report be sent to the 
Project Authority (PA) and the Contracting Authority (CA).  Acceptable electronic formats are: MS 
Word, PDF and HTML.  Refer to Section A.7.1 for instructions on how to name electronic 
documents.  Monthly Reports are used by the PA to monitor the work on a monthly basis, these 
reports should be kept as brief as possible but should discuss the progress of the work and 
should include, but not be limited to, the following information: 

 

� Statement indicating whether or not the project is on schedule and, if not, an explanation for 
any delays and/or a recovery plan. The report must include an updated schedule showing 
progress of work and modifications, if any; 

� Statement indicating whether or not the project is within budget and, if not, an explanation for 
the deviation from the budget and a proposed recovery plan. The report must include an 
updated cash flow table showing, for each activity/milestone/Work Package, with start and 
end dates as well as actual cash flow with actual start and end dates; 

� Brief summary of the technical progress of the work for each work package, including: 

o Description of major items developed, purchased or constructed during the 
reporting period, and 

o List of internal engineering reports produced during the reporting period; 

� Summary of the proposed work for the following month, including: 

o Description of major items to be purchased during the next reporting period, 
including any software packages; 

� Summary of problems encountered, their impact on the project and the subsequent solutions 
proposed or effected; and 

� Trip reports for each conference attended or facilities visited in the course of this contract 
(and only if funded by the contract). 
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An overall assessment of the project health must be provided at the start of each report.  The aim 
is to have an overview of the project status.   

The following information should be included in the following format: 

 

Project Element Status Trend Comment 

Cost Green ↑↑↑↑  

Schedule Green ↓↓↓↓  

Results / PEC Red ↔↔↔↔  

Programmatic Yellow ↑↑↑↑  

 

The first column identifies the project performance metrics to be assessed, namely Project 
Element.  The four metrics to assess are: 

 

� Cost, 
� Schedule, 
� Results against Performance Evaluation Criteria (PEC), and 
� Programmatic. 

 

The Cost, Schedule and Results/PEC metric are quantitative indicators, while the Programmatic 
metric is qualitative. 

The second column of the table is the status for each project element.   

The following table provides a definition of the different status with respect to the first three 
Project Elements. 

 

 Interpretation 

Status Indicator Cost Schedule Technical 

Green 
On or under planned 
project total budget 

On or ahead of baseline 
schedule 

Meets Performance 
Evaluation Criteria 

(PEC) 

Yellow 
Between 0 and 5% 

overrun 
Between 0 and 5% behind 

schedule 

Does not meet PEC 
but has approved 

recovery plan  

Red 
Greater than 5% 

overrun 
Greater than 5% behind 

Does not meet PEC 
and does not have 
approved recovery 

plan 

 
 
As for the Programmatic element, the status is evaluated based on the status of the three other 
elements.  Although the Programmatic metric takes into account Cost, Schedule and 
Results/PEC indicators, it is mostly influenced by the most critical element at that point in time in 
the project.   
 
The third column is an assessment of the trend the Project metric.  The choices are:  
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Trend 
Indicator 

Interpretation 

↑↑↑↑ The status has improved since the last review 

↓↓↓↓ The status has worsened since the last review 

↔↔↔↔ The status has not changed since the last review 

 

The Fourth column is to provide the opportunity to comment the status and trend of the project 
element or to provide a general statement.  

A.7.1.2  MILESTONE/PROGRESS TECHNICAL REPORTS 

The Contractor must submit to the PA, TA and CA at least two (2) weeks prior to the due date of 
Milestone and/or Progress Review Meetings, a draft Milestone and/or Progress Report.  The PA 
will review the report and may request changes, as appropriate. The Contractor will then submit 
the revised version. 

The Milestone and/or Progress Report, which must be protected, is to contain a complete 
description of the work undertaken and results obtained.  As such it should include all pertinent 
technical documents that support engineering, fabrication and/or testing tasks. It should also 
include an updated version, if applicable, of the Technical and Managerial Plans initially 
submitted.  Moreover, it must provide sufficient details of the work performed to date to enable 
the PA and TA to perform a full and accurate progress evaluation. 

The description of the work undertaken and the results obtained should include: 

� Review of technical results and accomplishments; 

� Assessment of results with respect to the PEC provided in the bid (supported with the 
necessary design documents, engineering drawings, test plans, test results and the like); 

� A clear identification of the technology advancements required to meet the objectives; 

� A detailed description of all equipment purchased during this period;  

� All other Contractor’s findings prior to the milestones; and 

� Changes to the team, Work Breakdown Structure (WBS), level-of-effort, schedule, 
resource assignment matrix, 

 

A.7.1.3 EXECUTIVE REPORT 

The Executive Report will be placed in the public domain (e.g., CSA’s library, publication and/or 
website, to promote the transfer and diffusion of space technologies).  The report must not 
exceed ten (10) pages. Any confidential information concerning potential spin-off and 
commercialization, or any information that would constitute a public disclosure of the FIP should 
be placed in the Technical Report. 

A recommended structure for the Executive Report is as follows: 

1. Covering page (as per APPENDIX A-2 to ANNEX A); 

2. Introduction; 
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3. Technical Objectives; 

4. Approach / Project Tasks; 

5. Accomplishments; 

6. Technology: 

a) Description / Status of Technology (Initial TRL, Targeted TRL and Actual TRL at 
completion), 

b) Innovative Aspects, and 

c) Application Fields  

7. Business Potential, Benefit and Impact on Company; 

8. Ownership of Intellectual Property; and 

9. Publications / References. 

 

The CSA and the Contractor, or others designated by them, have the right to unrestricted 
reproduction and distribution of the Executive Report.  The report must include the following 
proprietary notice ("Owner of FIP" being either the CSA or the Contractor): 

 

Copyright ©20XX “Owner of FIP" 

Permission is granted to reproduce this document provided that written 
acknowledgement to the "Contractor name" or the Canadian Space Agency is made. 

A.7.1.4 TECHNICAL REPORT  

The report will contain a detailed account of all work performed under the contract.  This will 
enable a full and accurate evaluation of the work by the PA.  The report should include, as 
appropriate, the following: 

a) Covering page (as per APPENDIX A-2 to ANNEX A); 

b) Executive Summary; 

c) Background information and references to relevant documentation; 

d) Review of results and accomplishments; 

Where applicable, the following items should be included: 

� A summary of the literature search, with copies of the main publications supplied in 
an appendix (without infringing upon any copyrights), 

� The system requirements specification and the interface requirements specification, 

� Feasibility studies and identification of technological risks, alternatives approaches, 
and trade-off analysis results, 

� Design documents, 

� Implementation documents, 

� Test plan and procedures, and 

� Concept demonstration results; 

e) Assessment of results with respect to the Performance Evaluation Criteria.  This should 
support a statement qualifying and/or quantifying three aspects: 
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� Performance: the project successfully met and/or exceeded none/few/some/most or 
all the Performance Evaluation Criteria 

� Impact: the project identified none/few or several potential and/or actual 
impacts/benefits 

� Success: the project has none/some or significant potential of becoming, or already 
is, a success story 

f) Technology Readiness Assessment (TRL reached); 

g) Detailed description of all equipment purchased during this period; 

h) All other Contractor findings; 

i) Recommendations including the potential for any further R&D of a follow-on nature; 

j) Conclusion; 

k) Supporting tables, technical drawings and figures; 

l) Any additional relevant information deemed important by the Contractor. 

A.7.1.5 CONTRACTOR DISCLOSURE OF INTELLECTUAL PROPERTY 

At the end of the contract, a list and descriptions of all BIP required for CSA use of the FIP must 
be provided at the Final Review Meeting.  A list and description of all FIP resulting from project 
work must also be provided.  Furthermore, the Contractor will complete and submit as a stand-
alone document entitled “Contractor Disclosure of Intellectual Property”, provided in APPENDIX 
A-3 of ANNEX A.  The Contractor must submit an electronic copy of the Contractor Disclosure of 
Intellectual Property.  

A.7.1.6 PROTOTYPES AND EQUIPMENT 

All prototypes developed during the Contract must be disclosed to Canada and reviewed by the 
PA who will advise on their final disposal and /or delivery.  

The Contractor should also maintain a list of all non-consumable items procured or fabricated 
under the contract and/or provided by the government. The Contractor must complete and submit 
the Asset Declaration Form found in APPENDIX A-4 of ANNEX A. The Contractor will be notified 
as to how the assets (equipment) should be handled after the PA and TA have reviewed the list.  

A.7.1.7 SOFTWARE 

The Contractor must provide an electronic copy of all Contractor documents describing the 
software development cycle, including user, maintenance and operation manuals. The developed 
software must also be provided in the form of well-documented source code in computer 
compatible format, with run-time libraries and executable files. 

A.7.2 MEETINGS 

As per Table A-4 below, the Contractor will schedule and co-ordinate with all the stakeholders the 
following meetings:  

� Kick-Off Meeting, 

� Milestone Review Meetings, 

� Progress Review Meetings 

� Work Authorization Meeting, and 
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� Final Review Meeting. 

 

 

Meeting Date Location 

Kick-off Meeting No later than 2 weeks After Contract 
Award (ACA) 

Contractor’s premises 

Milestone Review Meetings At least every 4 months or when 
specified in specific statement of work 

At CSA’s premises 
unless otherwise 
specified in specific 
statement of work 

 

Progress Review Meetings To be held if the maximum interval 
between Milestone reviews exceeds 4 
months 

Teleconference 

Work Authorization  Meeting 

 

 

 

 

At the Contract Mid-point. May be held 
before if deemed critical/relevant. 
Occurs concurrently with a regular 
milestone review meeting.   

 

 

 

 

 

 

Final Review Meeting End of Contract CSA’s premises 

 

Table A-4: Meetings and Decision Schedule 

 

For all meetings, the Contractor will: 

� Suggest the meeting content and deliver the suggested meeting agenda to the PA and 
the TA at least ten working days before the meeting; 

� Deliver to the PA and the TA, all required reports and technical documents relating to the  
work about which the meeting is about; 

� Record the minutes of the meeting; and 

� Deliver one (1) electronic copy of the minutes of the meeting to the PA five working days 
after the meeting. 

In support of the project meetings, viewgraphs and supporting presentation materials should be 
prepared.  One (1) electronic copy should be presented to the PA.  Documented video materials 
should be prepared by the Contractor along with the supporting visual presentation material to 
support any demonstration of the technology.  A copy of the supporting visual material should be 
delivered to the PA. 

A.7.2.1  KICK-OFF MEETING  

Within two weeks of the contract award (or at a date mutually agreeable to by the PA and the 
Contractor) a Kick-Off Meeting (KOM) must be held to: 

� Submit and review the proposed Performance Evaluation Criteria (PEC).  This is a list 
of criteria that will be used throughout the project to evaluate the Contractor’s 
technological progress.  It will be provided in the Contractor’s bid and accepted at the 
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KOM and reviewed at each Milestone/Progress Review Meeting as well as at the 
Contract Mid-point Work Authorization Meeting; 

� Review contract deliverables; 

� Review the requirements of the work; 

� Review the work schedules; 

� Review risk assessment and mitigation plan; 

� Review Work Breakdown Structure and Work Packages; 

� Review capability to deliver work packages at agreed cost and schedule; 

� Discuss the BIP and review the provided list; 

� Discuss the expected FIP and review the provided list (review Disclosure of FIP issues); 

� Review basis of payment, and claim format; 

� Review reporting requirements; 

� Discuss any licensing issues; and 

� Meet the personnel assigned to the work. 

A.7.2.2 MILESTONE AND PROGRESS REVIEW MEETINGS 

Milestone and Progress Review Meetings will be held periodically throughout the life of a Contract 
to provide formal opportunities for face-to-face information exchanges as well as for progress 
monitoring discussions and decision making. Nominally, a Milestone Review Meeting will be held 
at the end-point of each milestone. Between milestones, Progress Review Meetings should also 
be held if the maximum interval between Milestone reviews exceeds 4 months.   These meetings 
will be scheduled by the Contractor and can be held by teleconference. 

The Milestone Meetings and Progress Review Meetings are intended to provide an opportunity 
for the Contractor, the PA, the TA, and other invited attendees to review and discuss the following 
in detail: 

� The contents of the Milestone and/or Progress Report; 

� The current % of completion and accomplishments; 

� The technical work of each task; 

� The performance results with respect to the PEC; 

� Discuss Work Authorization Decisions by CSA, if applicable; 

� Discuss relevant results achieved; 

� Project management issues; and 

� Other items as deemed appropriate. 

 

A.7.2.3 WORK AUTHORIZATION MEETING AND DECISIONS 
 
A Milestone or Progress Review Meeting will also serve as a Work Authorization Meeting to be 
held approximately mid-way through the Contract (i.e., when approximately 50% of the contract 
value has been reached).  This Work Authorization Meeting will serve as a basis for a decision to 
be made about whether or not to proceed with the follow-on activities of the Contract. This 
decision will be based primarily on the review of the achieved PEC in comparison with the PEC 
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accepted at the Kick-Off Meeting and/or as revised at previous Milestone or Progress Review 
Meetings. 
 
A Work Authorization decision will also be taken at each Government Fiscal Year end (March 
31

st
) if there is no Work Authorization  Meeting or no Final Review Meeting scheduled in the 

month of March.  This decision will be based on availability of Government funding at that time. 
 
The Contractor may request Ad-hoc Meetings with CSA whenever required to resolve unforeseen 
and urgent issues. The CSA may also request such Ad-hoc Meetings with the Contractor. The 
selection of participants will depend on the nature of the issue. 
 
The PA and the TA reserve the right to invite additional knowledgeable people (Public Servants 
or others under Non-disclosure Agreement) to Milestone/Progress Review Meetings.  Key 
Contractor personnel involved in the work under review will attend Milestone/Project Review 
Meetings.  The exact location, date and time of the Progress Review Meetings will be mutually 
agreeable to by the PA and the Contractor, while meeting Section A.7.2 MEETINGS. 

A.7.2.4 FINAL REVIEW MEETING  

The Final Review Meeting will be held at the end of the contract.  The specific intent of this 
meeting will be to discuss in detail the results obtained (as compared to the agreed-upon PEC) 
and the proposed follow-on activities. 

The Final Review Meeting is intended to provide an opportunity for the Contractor, the PA, the 
TA, and other invited attendees to review and discuss in detail: 

� The contents of the Final Data Package; 

� The Executive and Technical Reports; 

� Contractor Disclosure of Intellectual Property; 

� Meeting presentation material; 

� Prototypes, technical drawings, hardware, software, equipment, as applicable 

� Asset declaration form; and 

� Other items as deemed appropriate. 

The Final Data Package is an assembly of final versions of all identified deliverables, plans and 
specifications, schematics, part lists and engineering data developed during the project. 

The PA and the TA reserve the right to invite additional knowledgeable people (Public Servants 
or others under Non-disclosure Agreement) to the Final Review Meeting.  Key Contractor 
personnel involved in the work under review should attend the Final Review Meeting.  The exact 
location, date and time of the Final Review Meeting is to be mutually agreeable to the PA and the 
Contractor. 

A.7.3 FORMS 

The Report Documentation Page (see APPENDIX A-2 of ANNEX A) should be included in both 
the Executive Report and Technical Report. 

 The Contractor must complete and submit the Asset Declaration Form in APPENDIX A-4 of 
ANNEX A, for which CSA will issue inventory bar codes at the end of the contract. The Contractor 
will be notified as to how the assets (prototypes and equipment) should be handled after the PA 
and TA have reviewed the list.  

Also, the Disclosure of Intellectual Property (APPENDIX A-3 of ANNEX A) must be completed by 
the Contractor. 
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APPENDIX A-1 

TECHNOLOGY READINESS LEVELS (TRLs) 

Source: RD-1 (CSA-ST-GDL-0001 Revision A - Technology Readiness Assessment Guidelines) 

Readiness 
Level 

Definition Explanation 

TRL 1 Basic principles observed and 
reported 

Lowest level of technology readiness. Scientific 
research begins to be translated into applied 
research and development.  

TRL 2 Technology concept and/or 
application formulated 

Once basic principles are observed, practical 
applications can be invented and R&D started. 
Applications are speculative and may be 
unproven. 

TRL 3 Analytical and experimental 
critical function and/or 
characteristic proof-of-concept 

Active research and development is initiated, 
including analytical / laboratory studies to 
validate predictions regarding the technology. 

TRL 4 Component and/or breadboard 
validation in laboratory 
environment 

Basic technological components are integrated 
to establish that they will work together. 

TRL 5 Component and/or breadboard 
validation in relevant 
environment 

The basic technological components are 
integrated with reasonably realistic supporting 
elements so it can be tested in a simulated 
environment. 

TRL 6 System/subsystem model or 
prototype demonstration in a 
relevant environment (ground or 
space) 

A representative model or prototype system is 
tested in a relevant environment. 

TRL 7 System prototype demonstration 
in a space environment 

A prototype system that is near, or at, the 
planned operational system. 

TRL 8 Actual system completed and 
“flight qualified” through test and 
demonstration (ground or space) 

In an actual system, the technology has been 
proven to work in its final form and under 
expected conditions. 

TRL 9 Actual system “flight proven” 
through successful mission 
operations 

The system incorporating the new technology in 
its final form has been used under actual 
mission conditions. 

 

Table A-1-1: Definition of Technology Readiness Levels
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APPENDIX A-2 

 

 

REPORT DOCUMENTATION PAGE 

 

Report Date:  

Title: 

Author(s): 

Performing Organization(s) Name and Address(es): 

 

 

 

Contract # and Title: 

Sponsoring Agency Name(s) and Address(es): 

Canadian Space Agency 

6767 Route de l'Aéroport 

Saint-Hubert, Québec, Canada  J3Y 8Y9 

Tel: (450) 926-4800 

Scientific Authority: 

Project Manager: 

Abstract: 

Key Words: 

Supplementary Notes: 

 

Distribution/Availability: 

 

Table A-2-1: Template for Report Documentation Page 
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APPENDIX A-3 

Contractor Disclosure of Intellectual Property 

 

Instructions to the Contractor 

Identification 

The Contractor must respond to the 7 following questions when Foreground Intellectual Property 
(FIP) is created under the Contract with the CSA.  

1. Contractor Legal Name:  

2. Project Title supported by the Contract: 

3.  CSA Project Manager of the Contract: 

4. Contract #: 

5. Date of the disclosure: 

6. Will there be Contractor’s Background Intellectual Property brought to the project:    

� Yes_ Complete Table 1 attached (Disclosure of Background Intellectual 
Property)  

� No  
7. For Canada’s owned IP, are there any IP elements that, to your opinion, would benefit 

from being patented by Canada?    

� Not applicable, FIP resides with the Contractor 
� Yes_ Complete Table 3 attached (Canada’s Owned Additional 

Information)  
� No 

 

 

 
 
BIP 

For the Contractor 

 

__________________________________________ 

Signature 

 

 

 

 

_______________________ 

Date 

 

 

For the CSA Project Manager 

 

__________________________________________ 

Signature 

 

 

 

_______________________ 

Date 
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o At the end of the Contract, the Contractor must review and update the BIP disclosure (Table 
1) when applicable before closing of the Contract. Only the BIP elements that were used to 
develop the FIP elements should be listed. 
 

FIP 

o At the end of the Contract, the Contractor must complete Table 2 (Disclosure of the FIP 
developed under the Contract). 

o If Canada is the owner of the FIP and identifies some FIP elements that would benefit from 
being patented by Canada, the Contractor must also complete Table 3 (Canada’s Owned FIP 
Additional Information).  

o The Contractor must sign below and deliver the completed Contractor Disclosure of 
Intellectual Property to the CSA Project Manager of the Contract for his/her approval before 
closing the Contract.  

 

General Instructions for BIP and FIP tables  

o Tables must be structured according to the CSA IP form provided. 
o Each IP element must have a unique ID # in order to easily link the elements of the different 

tables. 
o Titles of IP elements must be descriptive enough for project stakeholders to get a general 

idea of the nature of the IP. 
o Numbers and complete titles of reference documents must be included.  

 

 

Definitions 

Intellectual Property (IP): means any information or knowledge of an industrial, scientific, 
technical, commercial artistic or otherwise creative nature relating to the work recorded in any 
form or medium; this includes patents, copyright, industrial design, integrated circuit topography, 
patterns, samples, know-how, prototypes, reports, plans, drawings, Software, etc. 

 

Background Intellectual Property (BIP): IP that is incorporated into the Work or necessary for the 
performance of the Work and that is proprietary to or the confidential information of the 
Contractor, its subcontractors or any other third party. 

 

Foreground Intellectual Property (FIP): IP that is first conceived, developed, produced or reduced 
to practice as part of the Work under the Contract. 
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APPENDIX A-5 
 

LIST OF PRIORITY TECHNOLOGIES AND ASSOCIATED SPECIFIC STATEMENT OF WORKS 

 

Rank PT # Priority Technology Title  

1 PT 1 Embedded Visual Odometry (EVO) 

2 PT 2 Light-weight high performance water color imaging spectrometer 

3 PT 3 Composite Enclosure for Use at Cryogenic Temperature 

4 PT 4 Wireless Micro Sensor System for Crew Biometric Monitoring 

5 PT 5 Optical Filter Based Compact Hyperspectral Imager 

6 PT 6 Soil Hazard Detection for Planetary Rovers 

7 PT 7 Adaptation of Single Photon Counting Camera for NIR Imaging and 
Long Range Detection Applications 

8 PT 8 Modular-CATS 

9 PT 9 Space Qualifiable Bonded Joints between Carbon Fiber Reinforced 
Polymer (CFRP) and Aluminum 

10 PT 10 Integrated LIBS/Raman Sensor 

11 PT 11 Wide swath scanning detector 

12 PT 12 Wide Field of View Fore-Optics Development 

13 PT 13 Planetary Rover & Onboard Instruments Extreme Environment 
Survival: Lunar Night Survival 

14 PT 14 LIDAR-based Optical Communication 

15 PT 15 QEYSSat Detector Assembly 

16 PT 16 Biological Sensors for Automated Cell Culture Facility 

17 PT 17 Cryogenic Translation Mechanism for Future Far Infrared 
Astronomy Missions 

18 PT 18 Gallium Nitride (GaN) High Power Amplifier development for C and 
X-Band Applications 

19 PT 19 Multi-Channel SAR Receiver 

20 PT 20 Compact Active Sensor Technology (CAST) Prototype 
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21 PT 21 Advanced Single Photon Counting Auroral Ultraviolet Imager 

22 PT 22 Miniaturized Plasma Imager 

23 PT 23 ALI Concept Development 

 

Table A-5-1: List of Priority Technologies 



�

�����
�

PRIORITY TECHNOLOGIES SPECIFIC 
STATEMENT OF WORKS 

Table of Contents 
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Priority Technology 2 (PT 2) 

Light-weight high performance 
water color imaging 
spectrometer 
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Statement of Work 
 

Light-weight high performance water color imaging spectrometer 
 

1. List of Acronyms 
AD Applicable Document 

CSA Canadian Space Agency 

CTE Critical Technologies Elements 

DRM Design Reference Mission 

NASA National Aeronautics & Space Administration 

RD Reference Document 

RFP Request For Proposal 

SOW Statement of Work 

STDP Space Technology Development Program 

TRL Technology Readiness Level 

TRM Technology Roadmap 

TRRA Technology Readiness and Risk Assessment 

VCM Verification Compliance Matrix 

 

2. Applicable documents 
 

This section lists the documents that are required for the bidder to develop the proposal.  

 

The applicable documents listed below can be obtained from the following File Transfer 

Protocol (FTP) sites:   

• ftp://ftp.asc-csa.gc.ca/users/TRP/pub/TRRA/  

 

 

AD No. Document 
Number 

Document Title Rev. 
No. 

Date 

SE-AD-1 CSA-ST-

GDL-0001 

CSA Technology Readiness Levels and 

Assessment Guidelines 

B Feb 14, 

2014 

SE-AD-2 CSA-ST-

FORM-0001 

Technology Readiness and Risk Assessment 

(TRRA) Worksheet 

E July 29, 

2013 

SE-AD-3 CSA-ST-

RPT-0002 

Technology Readiness and Risk Assessment 

Data Rollup Tool 

G Mar 10, 

2014 

SE-AD-4 CSA-ST-

FORM-0003 

Critical Technology Element (CTE) 

Identification Criteria Worksheet 

A Mar 11, 

2014 

 
3. Reference documents 
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This section lists documents that provide additional information to the bidder, but are not 

required to develop the proposal.  

RD No. Document 
Number 

Document Title Rev. 
No. 

Date 

SE-RD-1 PMBOK Guide A Guide to the Project Management Body of 

Knowledge 

4
th

 

Editio

n 

2008 

SE-RD-2 ESTEC, 

TEC-

SHS/5574/MG/a

p 

Technology Readiness Levels Handbook for 

Space Applications 

 March 

2009 

SE-RD-3 CSA-SE-STD-

0001 

CSA Systems Engineering Technical Reviews 

Standard 

Rev. A Nov 7, 

2008 

SE-RD-4 CSA-SE-PR-

0001 

CSA Systems Engineering Methods and 

Practices 

Rev. B Mar 10, 

2010 

SE-RD-5 MIL-STD-810 F Environmental engineering considerations and 

laboratory tests  

http://everyspec.com/MIL-STD/MIL-STD-0800-

0899/MIL_STD_810F_949/ 

Rev F Jan 2000 

SE-RD-6 RTCA DO-160E Environmental Conditions and Test Procedures 

for Airborne Equipment 

http://www.rtca.org/ 

Rev E Dec 2004 

 

SE-RD-2 can be obtained from the following File Transfer Protocol (FTP) site: ftp://ftp.asc-

csa.gc.ca/users/TRP/pub/TRRA/ 

SE-RD-3 and SE-RD-4 can be obtained from the following File Transfer Protocol (FTP) site: 

ftp://ftp.asc-csa.gc.ca/users/TRP/pub/SE-STD/ 

 

 
4. Technology Description 

 

Canada has extensive coastlines and inland water bodies that offer great value for food supply, 

commerce, transportation, and tourism/recreation. However, they are under increasing pressure 

from direct human activities and are experiencing unprecedented change from modifications to 

our climate. Understanding and quantifying the physical, biogeochemical and ecological 

processes that occur within our natural waters are critical components of regional water resource 

management, from protecting and monitoring water quality, nearshore/wetland habitats, fisheries 

and aquaculture, public health, to navigation and shipping, security, oil spill/pollution event 

response, and impacts from episodic flood and storm events.  
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Canada’s near-shore environments (both inland waters and coastal oceans) are optically, and 

hydrologically complex, with dissolved and suspended materials that hinder water transparency, 

phytoplankton blooms that contain an array of pigments and potential toxins, and variable 

bathymetry and bottom types. Not only do these environments vary widely over spatial scales of 

tens of meters, they can also be highly dynamic in time due to regional loadings and tidal or 

weather related processes. 

 

Historically, satellite missions have focused either on coarse spatial resolution global ocean 

observations (e.g. SeaWiFS, MODIS) or high spatial resolution terrestrial observations with 

infrequent repeat coverage (e.g. Landsat). The result is that satellite applications for coastal and 

inland waters have often had to compromise on satellite observations less than optimal for their 

application. In order to meet the Canadian user needs for higher spatial and spectral resolution 

data to support enhanced monitoring of our coastal environment and freshwater resources, the 

Canadian Space Agency awarded a contract to study the concept of a proto-operational 

hyperspectral microsatellite mission for coastal and inland water monitoring, which is referred to 

as WaterSat. 

 

With moderate spatial resolution (~100m) and frequent revisit (~3 days or less), WaterSat is 

anticipated to provide observations in support of operational mapping, monitoring, and aquatic 

science activities pertinent to environmental and water resource management. 

Specifically WaterSat is intended to: 

 

Provide productivity assessments of coastal and inland water ecosystems 

Provide monitoring capabilities for regional water quality and harmful algal blooms 

Provide monitoring of, and impact assessments for, fisheries/aquaculture practices 

Monitor river plumes, erosion, and storm events 

Allow coastal mapping; bathymetry, beach, wetland and benthic habitats 

Monitor discharges, effluents, oil spills, and pollution events, including from resource 

exploitation practices 

 

Since a water color imaging spectrometer has never been developed in Canada, there are many 

unknowns and uncertainties, such as CCD detector, optical design, achievable SNR for low 

albedo water scene, spectral and spatial distortion, real mass and volume, etc. This STDP project 

will help remove unacceptable technological unknowns and enable the WaterSat mission by 

elevating the relevant technology to TRL 5 or higher [SE-AD-1].  

 

This technology development will not only enable the WaterSat mission but also help the 

estimation of cost and schedule. The water color hyperspectral imager to be developed is 

expected to significantly reduce the cost of the payload thanks to its light-weight, small volume 

and thinner lenses for athermalization, greater back focal length to allow for easy slit and FPA 

integration and alignment. 

 



�

���
�
�

5. Scope of Work 
 

This STDP contract is to build an elegant breadboard of light-weight high performance water 

color imaging spectrometer. An elegant breadboard refers to an equipment between a breadboard 

and engineering model. It is built using commercial grade components and a configuration close 

to that of the flight model.  

 

More specifically the scope of this contract is to design, build and test in laboratory conditions a 

portable breadboard Dyson (or modified Dyson) spectrometer imaging system including fore-

optics, spectrometer, detector array, readout electronics, controller, operating software and GUI. 

The water color imaging spectrometer shall be a pushbroom hyperspectral imaging sensor 

operating in the solar reflective spectral region of 360-1000nm. The water color imaging 

spectrometer will ultimately be deployed onboard a microsatellite in a low Earth orbit at about 

700km altitude.  

 

The developed water color imaging spectrometer breadboard should be ready to be tested in the 

field on-board an aircraft typically used for aerial photography to examine the performance and 

all the functionalities. It will be installed on the floor of the aircraft on a shock absorbing mount 

and look through an opening at the bottom of the aircraft (nadir looking position). Another 

option is to install it in a gyro-stabilized mount. The mount and airborne test of the water color 

imaging spectrometer is not the scope of the current STDP contract and may be covered by a 

separate contract. 

 

6. Requirements 
 

6.1 Imaging Spectrometer System (SY) 

 

[SY-001] Spectral range 

The spectral range of the imaging spectrometer shall be 380 – 970 nm. The goal spectral range 

should be 360 – 1000 nm. 

 

[SY-002] Spectral sampling interval 

The spectral sampling interval (SSI) shall be less than or equal to 5nm.  Finer spectral sampling 

interval is preferred, as this will provide room for binning to increase the overall signal-to-noise 

ratio (SNR). 

[SY-003] Spectral resolution 

The Full Width at Half Maximum (FWHM) of the spectral response to a monochromatic source 

shall be less than or equal to 10nm for all samples. 

 

[SY-004] Ground sampling distance 
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The ground sampling distance (GSD) in cross-track and along track direction shall be 100m or 

better when the imaging spectrometer is at a low Earth orbit of altitude 700km. 

 

[SY-005] Spatial resolution 

The spatial resolution in across track and along track direction or Instantaneous Field-of-View 

(IFOV) shall be less than or equal to 1.2 times GSD at the Full Width at Half Maximum. 

 

[SY-006] Field-of-View 

The imaging spectrometer shall have a Field-of-View (FOV) greater than or equal to 12 degrees 

to cover a ground swath of 150km when the flight model is ultimately deployed onboard a 

microsatellite at altitude 700km. As a goal, the FOV should be greater than or equal to 22.2 

degrees in order to cover a full ground swath of 300km when the flight model is ultimately 

deployed onboard a microsatellite at altitude 700km. 

 

[SY-007] Swath width 

The ground swath of the breadboard imaging spectrometer shall be 150km or wider when it is 

onboard a microsatellite at altitude 700km. In other word, the number of usable pixels in a cross-

track line shall be at least 1500 pixels when the GSD is 100m. 

 

[SY-008] Signal-to-noise ratio (maximum) 

The maximum SNR of the water color imaging spectrometer shall be better than or equal to 

350:1 @ 5% albedo with 10nm spectral sampling and 100m GSD at 700km orbit.  

 

(100m GSD corresponds to an integration time of about 14ms when a microsatellite is in a sun 

synchronousorbit of 700km altitude.) 

 

The breadboard water color imaging spectrometer is to be built for airborne flight test. In the 

airborne flight test, the altitude of the airplane will be much lower than 700km, thus the 

corresponding GSD will be smaller than 100m. However, the SNR of the breadboard in the 

airborne test scenario shall match the SNR of the microsatellite scenario. 
 

[SY-009] Signal-to-noise ratio (minimum) 

The minimum SNR of the water color imaging spectrometer shall be better than or equal to 

100:1 @ 5% albedo with 100m GSD and 10nm spectral sampling at 700km orbit.  

 

 

[SY-010] Modulation Transfer Function (MTF) 

The total MTF (including detector) shall be > 0.3 @ Nyquist frequency and the optical design 

shall minimize the MTF variation across the spectral bands and spatial dimension. 
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 [SY-011] Spectral distortion 

The spectral distortion (smile) of the water color imaging spectrometer shall be less than 0.2 

pixels or 0.2 × Spectral Sampling Interval (SSI). 

 

[SY-012] Spatial distortion 

The spatial distortion (keystone) of the water color imaging spectrometer shall be less than 0.2 

pixels or 0.2 × Ground Sampling Distance (GSD). 

 

[SY-013] Dynamic Range 

The dynamic range of the imaging spectrometer shall be such that the instrument does not 

saturate when imaging a bright scene (e.g. snow, assuming a 100% albedo) and should not 

saturate in presence of sun glint. 

 

[SY-014] Digitization 

The digitized data shall be at least 14-bit. 

 

[SY-015] Polarization sensitivity 

The polarization sensitivity of the imaging system shall be smaller than 5%. 

 

[SY-016] Dyson design preference  

The Dyson (or modified Dyson) imaging spectrometer should be selected, designed and built to 

have superior stray light control for better SNR, thinner lenses for low-mass, athermalization, 

greater back focal length to allow for easy slit and FPA integration and alignment. 

 

[SY-017] Controller, software and GUI 

The imaging spectrometer system shall be delivered with data acquisition equipment and 

software (see detector acquisition below [SY-024]), e.g. controller electronics, computer and 

frame grabber, instrument software to digitize, store and display spectral imagery acquired by the 

imaging system via a GUI. The data rate of the recording equipment shall be compatible with the 

output data rate of the imaging system. The data recording capacity shall be capable to store data 

collected over typical airborne collection duration (up to 2 hours). 

 

[SY-018] Structure and mechanics 

The breadboard imaging spectrometer system shall have necessary opto-mechanics, thermals and 

structures to support the required mechanical, thermal and structural functions of the system that 

is portable for airborne tests. 

 

[SY-019]  Ruggedization for airborne test 

The breadboard imaging spectrometer system shall be ruggedized such that the system should 

meet the vibration and shock environment specifications for small aircrafts (including turbo-
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propellers), as specified in MIL-STD-810 F (SE-RD5) (Methods 514.5 and 516.5) or RTCA DO-

160E (SE-RD6) (Section 7, Table 7-1 and Section 8, Table 8-1). 

 

[SY-020] Mass 

The mass of the imaging spectrometer system including fore-optical, spectrometer and electronic 

controller shall be < 10kg. 

 

[SY-021] Volume 

The volume of the imaging spectrometer system including fore-optical, spectrometer and 

electronic controller shall be smaller than 0.06m
3
. 

 

[SY-022] Power consumption 

The power consumption of the imaging spectrometer system shall be <70W. 

 

[SY-023] Characterization in laboratory 

The breadboard imaging spectrometer system shall be characterized in laboratory conditions. 

This lab characterization shall include: 

1. Preparing Test Plan and Procedures 

2. Assessing SNR (Max & Min) 

3. Assessing MTF 

4. Assessing spatial resolution 

5. Assessing spectral resolution 

6. Assessing Smile 

7. Assessing Keystone 

8. Assessing Dynamic Range 

9. Assessing Polarization sensitivity 

10. Preparing Test Report 

 

[SY-024] Calibration in laboratory 

The breadboard imaging spectrometer system shall be calibrated in laboratory conditions in order 

to produce the calibration parameters of the imaging system for being used to generate imagery 

in at-sensor radiance units vs. wavelength, including radiometric and geometric calibration 

software. This lab calibration shall include: 

1. Gain 

2. Offset 

3. Dark current 

4. Non-uniformity 

5. Strips 

6. Spectral calibration 

7. Integrate these parameters into the acquisition software ( see [SY-017]) 
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6.2 Fore Optics 

 

[FO-001] Fore optics for microsatellite 

The fore optics of the water color imaging spectrometer to be deployed on a microsatellite at 

700km altitude shall be designed and verified to ensure that all the imaging system requirements 

([SY-001 to SY-24]) will be met. 

 

[FO-002] Fore optics for airborne trials 

The fore optics of the water color imaging spectrometer for airborne test at a typical altitude (e.g. 

3500m) shall be designed, build and assembled with the spectrometer to form the airborne water 

color imaging spectrometer system. 

 

6.3 Detector array 

 

[DA-001] Spectral range 

Cut-on wavelength shall be < 380 nm   @ 25% QE. 

Cut-off wavelength shall be > 970 nm @ 25% QE. 

 

[DA-002] Imaging area 

The imaging area shall be > 256×1500 pixels. 

 

[DA-003] Frame rate 

The frame rate shall be > 70Hz. 

 

[DA-004] Imaging mode  

Snapshot mode shall be required. 

 

[DA-005] Full well capacity 

The full well capacity shall be > 1,000,000 e after analog summation of horizontal transport 

register (HTR) 

 

[DA-006] Noise floor 

Noise floor at max frame rate shall be <100 e @ max frame rate. 

 

 [DA-007] Quantum Efficiency 

Quantum Efficiency (QE) shall > 70% @ peak. 

 

[DA-008] Photo-response non-uniformity 

Photo-response non-uniformity shall be < 10%. 

 

[DA-009] Dark signal non-uniformity  
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Dark signal non-uniformity shall be <10%. 

 

[DA-010] Non-linearity 

Non-linearity shall be < 5%. 

 

[DA-011] MTF 

The MTF of the detector array shall be >50% @ Nyquist.  

 

[DA-012] Operating temperature  

Operating temperature shall be at room temperature (20 °C). 

 

[DA-013] Data acquisition and electronics 

Detector system shall include  

� Power supplies, signal conditioning electronics 

� Frame grabber, data acquisition card and computer to sample and record data at specified 

frame rate (14 bits or more). 

 

7.  Verification 
 

Table 1 presents the verification methods that shall be used to verify the requirements in this 

SOW.  All requirements shall be verified by one or more of the following verification methods: 

1) Analysis (including simulation); 

2) Review of design; 

3) Demonstration; 

4) Inspection; and 

5) Test. 

These methods are described in the following sub-sections. 

 

1) Analysis 

Verification by analysis is carried out for the quantitative (parameters with numerical values) 

performance requirements that cannot be verified (or do not need to be) by any form of direct 

measurement. The analysis should be based on test data as far as possible. Analysis may be used 

in conjunction with test or by itself as the verification method for a given parameter. 

 

Appropriate analysis methodologies (mathematical modelling, similarity analysis, simulation, 

etc.) shall be selected on the basis of technical success and cost effectiveness in line with the 

applicable verification strategies. Similarity analysis with an identical or similar product shall 

provide evidence that new applications characteristics and performance are within the limits of 

the precursor qualified design, and shall define any difference that may dictate complementary 

verification stages. 
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2) Review of Design 

Review of design shall be used where review of design concepts and, in general, lower-level 

documentation records is involved, i.e.: where compliance of the design to the requirements is 

apparent simply from the review of the lower level design itself. This activity is normally 

performed through the review of design documents and/or drawings. 

 

3) Demonstration 

A requirement that is of an operational or functional nature and is not quantified by a specific 

measurable parameter may be verified by demonstration. This form of verification is used for 

yes/no types of requirements that can be verified by some form of measurement; that is to 

demonstrate that the equipment performs the required function.  

 

4) Inspection 

Verification by inspection is only done when testing is inappropriate or insufficient. This method 

of verification is for those requirements that are normally performed by some form of visual 

inspection. This would include examination of construction features, workmanship, labelling, 

envelope requirements, review of certificates, compliance with documents and drawings, 

physical conditions, etc. 

 

5) Test  

A requirement may be verified by test alone if the form of the specification is such that the 

requirement can be directly measured and the performance is not expected to change over the 

duration of the mission life. If the performance of the parameter is likely to degrade over the 

mission, due to aging, radiation, etc., then test may only be used as a verification method in 

conjunction with one of the other methods defined above. 

 

 

Table 1: Verification methods 
Requirement Name Method Note 
A: Analysis, RoD: Review of Design, D: Demonstration, I: Inspection, T: Test  
[SY-001] Spectral range RoD, T 

[SY-002] Spectral sampling interval RoD, T 

[SY-003] Spectral resolution RoD, T  

[SY-004] Ground sampling distance RoD, T 

[SY-005] Spatial resolution RoD, T 

[SY-006] Field-of-View RoD, T 

[SY-007] Swath width RoD, T 

[SY-008] 
Signal-to-noise ratio 

(maximum) 
RoD, T 

 

[SY-009] 
Signal-to-noise ratio 

(minimum) 
RoD, T 
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Requirement Name Method Note 
A: Analysis, RoD: Review of Design, D: Demonstration, I: Inspection, T: Test  
[SY-010] Modulation Transfer Function RoD, T 

[SY-011] Spectral distortion (smile) RoD, T 

[SY-012] Spatial distortion (keystone) RoD, T 

[SY-013] Dynamic Range RoD, T 

[SY-014] Digitization RoD 

[SY-015] Polarization sensitivity RoD, T 

[SY-016] Dyson design preference D 

[SY-017] Controller, software and GUI I, D 

[SY-018] Structure and mechanics A, RoD  

[SY-019] Ruggedization for airborne test RoD, D  

[SY-020] Mass RoD, I  

[SY-021] Volume RoD, I  

[SY-022] Power consumption RoD, T  

[SY-023] Characterization in laboratory T, I, D  

[SY-024] Calibration in laboratory T, I, D  

[FO-001] Fore optics for microsatellite RoD, A  

[FO-002] Fore optics for airborne trials RoD, T, D  

[DA-001] Spectral range I or T 
Test or inspect vendor’s 

test report 

[DA-002] Imaging area 
I Test or inspect vendor’s 

test report 

[DA-003] Frame rate 
I Test or inspect vendor’s 

test report 

[DA-004] Imaging mode 
I Test or inspect vendor’s 

test report 

[DA-005] Full well capacity 
I Test or inspect vendor’s 

test report 

[DA-006] Noise floor 
I Test or inspect vendor’s 

test report 

[DA-007] Quantum Efficiency 
I Test or inspect vendor’s 

test report 

[DA-008] Photo-response non-uniformity 
I Test or inspect vendor’s 

test report 

[DA-009] Dark signal non-uniformity 
I Test or inspect vendor’s 

test report 

[DA-010] Non-linearity 
I Test or inspect vendor’s 

test report 

[DA-011] MTF 
I Test or inspect vendor’s 

test report 

[DA-012] Operating temperature 
I Test or inspect vendor’s 

test report 

[DA-013] 
Data acquisition and 

electronics 

I Test or inspect vendor’s 

test report 
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8. TRL timeline 
The targeted TRL for this technology development is TRL 5 within the contract period. The 

breadboard water color imaging spectrometer will be tested in airborne flight environment. 

 
9. Targeted missions 
The water color imaging spectrometer is targeted to a CSA Planned microsatellite mission to be 

launched in 2020 (TBC). 

 
10. Schedule & Milestones  
This technology development is up to 18 months duration.  

Table 2 – Schedule & Milestones 
Milestones Description Start Completion 

KOM Start / Kick-off meeting Contract Award 
Contract Award + 

2 weeks 

Milestone 1  
Preliminary Design Review 

(PDR) 
End of KOM 

Contract award + 3 

months 

Milestone 2  
Detailed Design Review 

(DDR) 
End of M1 

Contract award + 6 

months 

Milestone 3 Integration and Assembly (IA) End of M2 
Contract award + 

12 months 

Milestone 4  
Characterization & Testing in 

Laboratory 
End of M3 

Contract award + 

15 months 

Milestone 5 Final Review meeting  End of M4 
Contract Award +  

18 months 

 

11.  Specific Deliverables 
The deliverables defined here complement Section A.7 Contract Deliverables and Meetings of 

Annex A.  

 

Table 3 – Deliverables 
ID Milestone Deliverable Timeframe for Delivery 
D1 

 

1. Procurement plan and specifications 

1.1 VNIR detector 

1.2 Dyson (or modified Dyson) 

block  

The schedule for these and other 

contract specific deliverables 

should be identified in the bid 

proposal and agreed upon at the 

kick-off meeting. 
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1.3 Grating 

1.4 Fore-optics 

D2  Contract Implementation plan  

D3  Requirements Document  

D4  Interface Control Documents  

D5  Drawing of potential aircraft 

installation. This information is 

essential to package the imaging system 

so that it will fit in the selected aircraft. 

It must be included in the User Guide. 

 

D6  Test Plan and Procedure  

D7  Test Report  

D8  Portable Breadboard Water Color 

imaging spectrometer system suitable 

for airborne test and associated 

hardware (if applicable) 

Final Review meeting 

D9  Software 2 weeks prior to 

scheduled meeting 

D10  User Guide 2 weeks prior to 

scheduled meeting 

D11  Equipment (purchased under the 

contract) 

2 weeks prior to 

scheduled meeting 

D12  Technology Roadmap Worksheet 2 weeks prior to 

scheduled meeting 
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Priority Technology 3 (PT 3) 

Composite Enclosure for Use at 
Cryogenic Temperature 
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Figure 1 - Panel inserts Test Coupons Configuration 
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Priority Technology 4 (PT 4) 

Wireless Micro Sensor System 
for Crew Biometric Monitoring 
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Priority Technology 5 (PT 5) 

Optical Filter Based Compact 
Hyperspectral Imager 
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Statement of Work 
 

Optical Filter Based Compact Hyperspectral Imager 
 

1. List of Acronyms 

�
2. Applicable documents 

 

This section lists the documents that are required for the bidder to develop the proposal.  

 

�4���������,���#�������%���%��#�,���7�����,���,�����#�������4�������7����/��������%�������������8/��9�
%���%:�&(��!��;&(���!��;&(���!�����#�&(��!�������,���,�����#����������:<<���6�%��
�%�6��6��<�%��%<�1�<��,<�11�<=�&(��!�������,���,�����#���������:<<���6�%��
�%�6��6��<�%��%<�1�<��,<�1)<6�

  

AD No. Document 
Number 

Document Title Rev. 
No. 

Date 

AD-1.  CSA-ST-

GDL-0001 

CSA Technology Readiness Levels and 

Assessment Guidelines 

B Feb 14, 

2014 

AD-2.  CSA-ST-

FORM-0001 

Technology Readiness and Risk Assessment 

(TRRA) Worksheet 

E July 29, 

2013 

AD-3.  CSA-ST-

RPT-0002 

Technology Readiness and Risk Assessment 

Data Rollup Tool 

G Mar 10, 

2014 

AD Applicable Document 

CHM Canadian Hyperspectral Mission 

CSA Canadian Space Agency 

CTE Critical Technologies Elements 

DRM Design Reference Mission 

GSD Ground sampling distance 

NASA National Aeronautics & Space Administration 

RD Reference Document 

RFP Request For Proposal 

SOW Statement of Work 

STDP Space Technology Development Program 

TRL Technology Readiness Level 

TRM Technology Roadmap 

TRRA Technology Readiness and Risk Assessment 

VCM Verification Compliance Matrix 

VNIR Visible and near infrared 



�

�����
�

AD No. Document 
Number 

Document Title Rev. 
No. 

Date 

AD-4.  CSA-ST-

FORM-0003 

Critical Technology Element (CTE) 

Identification Criteria Worksheet 

A Mar 11, 

2014 

AD-5.  CSA-ST-

RPT-0003 

Technology Roadmap Worksheet A Sept 2012 

 
�

3. Reference documents 
 

This section lists documents that provide additional information to the bidder, but are not 

required to develop the proposal.  

RD 
No. 

Document 
Number 

Document Title Rev. 
No. 

Date 

RD-1. PMBOK Guide A Guide to the Project Management Body of 

Knowledge, Project Management Institute, 

Incorporated 

4
th

 

Editi

on 

2008 

RD-2. ESTEC, 

TEC-

SHS/5574/MG/

ap 

Technology Readiness Levels Handbook for 

Space Applications 

 March 2009 

RD-3. CSA-SE-STD-

0001 

CSA Systems Engineering Technical Reviews 

Standard 

Rev. 

A 

Nov 7, 2008 

RD-4. CSA-SE-PR-

0001 

CSA Systems Engineering Methods and 

Practices 

Rev. 

B 

Mar 10, 

2010 

RD-5.  M. Leclerc et al, “Performance of the SAC-D 

NIRST Flight Model Radiometer’’, Proc. of 

SPIE, vol. 7453, 2009. 

 2009 

RD-6.  A. Hollinger, M. Bergeron, M. Maszkiewicz, 

S.-E. Qian, K. Staenz, R.A. Neville and D.G. 

Goodenough, “Recent Developments in the 

Hyperspectral Environment and Resource 

Observer (HERO) Mission” Proc. 

IGARSS'2006 IEEE International Geoscience 

and Remote Sensing Symposium, pp.1620-1623, 

July 2006. 

 July 2006. 

RD-7.  S.-E. Qian, R. Girard and G. Kroupnik, 

“Development of Canadian hyperspectral 

imager onboard micro-satellites” Proc. IEEE 

International Geoscience and Remote Sensing 

Symposium (IGARSS'2013), pp.3506-3509, July 

 July 2013 
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RD 
No. 

Document 
Number 

Document Title Rev. 
No. 

Date 

2013. 

RD-8.  S.-E. Qian, M. Bergeron, R. Girard and G. 

Kroupnik, “Concept study of Canadian 

hyperspectral mission” Proc. IEEE 

International Geoscience and Remote Sensing 

Symposium (IGARSS'2014), pp.2578-2581, July 

2014 

 July 2014 

�

RD-2 can be obtained from the following File Transfer Protocol (FTP) site:    

ftp://ftp.asc-csa.gc.ca/users/TRP/pub/TRRA/ 

 

RD-3 and RD-4 can be obtained from the following File Transfer Protocol (FTP) site: 

ftp://ftp.asc-csa.gc.ca/users/TRP/pub/SE-STD/  

 
 

4. Technology Description 
 

To meet the needs of Canadian government departments for hyperspectral data for their 

operational applications, the Canadian Space Agency (CSA) reinitiated activities on a Canadian 

hyperspectral mission since 2011. The CSA has worked and engaged with Canadian government 

departments, including Agriculture and Agri-Food Canada (AAFC), Natural Resources Canada 

(NRCAN), Department of Fisheries and Ocean (DFO), Environment Canada (EC) and 

Department of National Defence (DND), to identify their requirements. The requirements in the 

visible and near infrared (VNIR) regions are for a hyperspectral imager (HSI) with a spectral 

bandwidth of ~10 nm. The requirements in the Short-Wave Infrared (SWIR) region cover only 3 

broad bands. The requirements in the Thermal Infrared (TIR) region are for an instrument similar 

to the New Infrared Sensor Technology (NIRST) [RD-5]. 

 

The requirements for frequent revisit of areas of interest in Canada can be met with a 

constellation of three microsatellites, each having an imaging swath of about 250 km, a ground 

sampling distance (GSD) of 30 m in the VNIR and of 60 m in the SWIR. Because the mission 

will focus on well-defined applications in agriculture, forest and ocean, the requirements for 

image quality is expected to be somehow less stringent than a typical R&D hyperspectral 

instrument that has a high signal-to-noise ratio (SNR). The CSA has established a set of 

assumptions of the payload parameters, which would allow designing a smaller instrument than 

the previous Hyperspectral Environment and Resource Observer (HERO) mission that was 

investigated by CSA a decade ago [RD-6]. 
 

In the fall 2012, the CSA has funded two more studies to the Canadian industry teams to 

investigate the feasibility of hyperspectral imagers that are compatible with a microsatellite 

platform. Two different concepts of low-mass imaging spectrometer systems have been proposed 

and studied. These concepts are: 1) a linear variable filter (LVF) based VNIR hyperspectral 
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imager plus a SWIR multispectral imager with 3 broad-bands; 2) a Dyson VNIR hyperspectral 

imager plus a Dyson SWIR hyperspectral imager. The feasibility studies on these two concepts 

have been completed and early results have been briefly reported in [RD-7, RD-8].  

 

Since spring 2014 CSA has awarded a contract to carry out a concept study on a Canadian 

Hyperspectral Mission (CHM). The objectives of the study are to: 

 

• Review, validate and consolidate the user requirements. 
• Identify services and product quality requirements such that lower level payload and mission 

specifications can be finalized. 
• Revisit mission design of a constellation of micro/small satellites to meet the users’ needs. 
• Examine options for a preliminary business case. 
 
The scope of the CHM study originally targeted a microsatellite platform to  arrive at a low-cost 

mission with short development time, however there are clear indications that a larger platform 

might be required to support other government department users’ requirements.  Therefore, this 

technology development can assume a platform specification of a micro to small satellite range 

(100 kg to 500 kg). 

The CSA is also considering reviewing the ground sampling distance from 30 meters to 10 

meters for the spectral bands in VNIR region. 

The volume and mass constraints imposed by platform specification combined to the ground 

sampling distance requirements have lead CSA to consider optical filter based imaging 

spectrometer as candidate solutions.  

An optical filter based imaging spectrometer replaces the spectrometer assembly (e.g. Dyson or 

Offner block) with a simple filter mounted in the front of or built onto the detector array at the 

focal plane. This results in a much more compact payload design, better suited for a 

microsatellite platform. By eliminating dispersive optics, this approach can achieve dramatic 

improvements in swath width while preserving high sensitivity and resolution. A linear variable 

filter (LVF) based hyperspectral imager concept has been proposed and studied in a previous 

microsatellite hyperspectral feasibility study and was deemed an acceptable solution.  

 

Since an optical filter based imaging spectrometer has never been developed in Canada, there are 

many unknowns and uncertainties, such as optical filters, CCD detector, spectral cross-talk, 

spectral purity, achievable SNR, spectral and spatial distortion, real mass and volume, etc. This 

STDP project will help remove unacceptable technological unknowns and enable the CHM 

mission by elevating the relevant technology to TRL 3-4 or higher [AD-1].  

 

This technology development will not only enable the CHM but will also help the estimation of 

cost and schedule. The optical filter based hyperspectral imager to be developed is expected to 

significantly reduce the cost of the payload thanks to its omission of an entire Dyson or Offner 

type spectrometer. 

 

5. Scope of Work 
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This STDP contract is to build a breadboard of optical filter based hyperspectral imager using 

commercial grade components.  

 

More specifically the scope of this contract is to:  

 

1) Select an optical filter approach suitable for achieving 10m GSD and the required SNR,  

2) Design and build a portable breadboard of optical filter based hyperspectral imager 

system (including fore-optics, optical filter, detector, readout electronics and digital 

processing unit),  

3) Characterize the breadboard in laboratory conditions to test the performance of the 

breadboard,  

4) Test in field campaign to simulate the flight platform and to acquire image data to be 

used for subsequent image processing and analysis, 

5) Perform image processing and analysis to correct spatial mis-alignment caused by the 

platform drifting and instability, and to reconstruct hyperspectral datacubes, and 

demonstrate the usability of the hyperspectral imagery for operational applications. 

 

6. Requirements 
 

6.1 Main performance parameters of the target flight model 

 

The breadboard is targeted to a spaceborne optical filter based hyperspectral imager with the 

following main performance parameters: 

  

Orbit Altitude 666 km 

View zenith angle Nadir with up to +/-30 deg roll 

Sun illumination angle 30 deg from Nadir 

Ground Swath > 160 km across Nadir 

Ground Sampling Distance (GSD) 10 m 

Spectral Range 400 - 980 nm 

Spectral Sampling Interval (SSI) 5 nm 

Spectral Resolution 10 nm FWHM 

Spatial distortion < 0.2 GSD 

Spectral distortion < 0.2 SSI 

Maximum SNR > 400 @ 550 nm and 10nm SSI with 30% albedo 

Payload Mass < 50 kg 

 

 

6.2 Breadboard performance parameters requirement 

 

The breadboard optical filter based hyperspectral imager shall be designed and built to meet at 

least the following main performance parameters: 

 

Req’ment 

ID 
Parameter Value 

6.2.1 Spectral range 400 – 1000 nm  
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6.2.2 Filter transmission efficiency  > 85% 

6.2.3 Spectral sample interval � 5 nm 

6.2.4 Spectral resolution (FWHM)  10 nm 

6.2.5 Spectral band centre stability < 1 nm over the swath 

6.2.6 Spectral FWHM stability < 0.5 nm over the swath 

6.2.7 Spectral cross-talk < 5% 

6.2.8 Swath width (# of pixels in a cross-track line)  > 2000 pixels 

6.2.9 Band-to-band spatial co-alignment  < 0.1 pixel (after post processing) 

6.2.10 Maximum SNR > 200:1 @ 550 nm with 10m 

GSD, 10nm SSI and 30% albedo  

6.2.11 Mass < 2 kg 

 

Note: 

For requirement 6.2.1, if due to the availability of the current optical filter market, a reduced 

spectral range (e.g. 600 – 1000 nm) can be acceptable. However, the contractor shall provide a 

justification and investigate the feasibility for the required spectral range of the flight mode 

based on the known path.  

 

For requirement 6.2.10, the Maximum SNR achieved by the breadboard (at low altitude) shall 

match the Maximum SNR of the flight mode at the same conditions when it is deployed on board 

a satellite in an orbit of 666km altitude. 

� 
7. Tasks 

 

7.1 Task 1 - Define optical filter approach 

 

7.1.1 The contractor shall investigate and select a suitable optical filter approach, with which the 

optical filter based hyperspectral imager can achieve a 10m GSD while retaining the similar SNR 

achieved by a 30m GSD hyperspectral imager without increasing the optical aperture.  

 

7.1.2 The contractor shall demonstrate by analysis that the selected optical filter approach will 

enable the optical filter based hyperspectral imager being capable of meeting the requirements of 

the imaging performance listed in Section 6.  

 

7.2 Task 2 - Define hyperspectral imager approach and test plan 

 

7.2.1 The contractor shall define a HSI approach of the breadboard and a test plan that will allow 

the feasibility of the proposed technique to be demonstrated and validated.   

 

7.2.2 The contractor shall identify the key technology risks of the elements associated with the 

technique and how the feasibility of these elements can be demonstrated.   

 

7.2.3 The contractor shall prepare a development plan for fabricating the HSI breadboard, testing 

the breadboard both in the lab and in the field with real image data, and processing of the data to 

produce hyperspectral image cubes.  The development plan shall include an assessment of the 

resulting image data quality.  
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7.2.4 The contractor shall employ commercial-off-the-shelf (COTS) elements or products where 

possible to minimize cost and speedup the schedule. 

 

Milestone 1: Review of proposed hyperspectral imager approach and development plan 

 

A Technical Interchange Meeting #1 shall be held at the CSA to review the outputs of 

Tasks 1 and 2, which will provide the CSA with an opportunity to review and prove the 

proposed technique for HSI breadboard, test campaign, and image processing 

methodology. 

 

7.3 Task 3 - Design of breadboard and detailed test plan 

 

7.3.1 The contractor shall design the HSI breadboard using the selected optical filter approach as 

per the requirements specified in Section 6 as well as any associated elements and test 

equipments required to carry out the laboratory testing and field campaign.  

 

7.3.2 The contractor shall prepare a detailed test plan and procedure to update the test plan 

provided in the development plan.  

 

Milestone 2: Review of Breadboard Design and Test Plan 

 

The contractor shall document and provide the breadboard design and test plan to the 

CSA for review prior to building the breadboard and associated equipments.  A 

teleconference meeting shall be held to discuss the breadboard design and test plan. The 

CSA will review breadboard design and test plan before approving them. 

 

7.4 Task 4 - Breadboard Build 

 

7.4.1 The contractor shall procure all the components and fabricate the HSI breadboard based on 

the breadboard design developed in Task 3 as well as any special test equipment required to 

perform the laboratory and field test campaign. 

 

7.4.2 The contractor shall produce a user manual describing how to deploy, operate and retrieve 

data from the HSI breadboard. 

 

 

 Milestone 3: Review of Breadboard  

 

The contractor shall produce a Technical Report to document the development of the 

breadboard and demonstrate that the breadboard is functioning properly. The user 

manual will also be reviewed. This review meeting should be held at contractor facilities 

in order to facilitate demonstration. 

 

7.5 Task 5 - Breadboard Testing 
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The contractor shall carry out two types of testing:  

 

7.5.1 Laboratory Testing 

 

The contractor shall perform lab test to validate the basic performance of the breadboard.  This 

shall demonstrate that the breadboard is functioning correctly. The contractor shall characterize 

the basic performance parameters of the breadboard, including at least: 

1) SNR,  

2) Spectral range, 

3) Spectral sample interval,  

4) Spectral resolution,  

5) Spectral band centre stability 

6) Spectral FWHM stability 

7) Spectral cross-talk, 

 

7.5.2 Field Testing  

 

The field testing may be performed from a fixed platform (e.g. buildings, towers, hillside, etc.) 

that allows imaging and scanning target scenes. The target scenes shall include at least 

appropriate forests and agricultural areas and scenes for change detection. The resulting images 

shall be suitable for subsequent assessment of image quality. 

 

Milestone 4: Breadboard Testing Review 

 

The contractor shall produce a Test Report of the breadboard to document all the test 

results in the lab tests and field campaigns and present the results in the Test Review 

meeting. 

 

7.6 Task 6 - Image Processing and Analysis 

 

7.6.1 The contractor shall process and analyse the image data collected in Task 5 to reconstruct 

hyperspectral datacubes.  

 

7.6.2 The contractor shall extract the image quality parameters necessary to demonstrate that the 

optical filter based hyperspectral imager performs adequately to achieve 10 m GSD with 

required SNR. Image quality parameters to be assessed shall include at least spatial performance, 

spectral performance, SNR, cross-talk, etc. 

 

7.6.3 The contractor shall develop image analysis algorithm to correct spatial mis-alignment 

caused by the platform drifting and instability. 

 

7.6.4 The contractor shall demonstrate the usability of the generated hyperspectral datacubes for 

government users’ operational applications including at least forest, agriculture and change 

detection. 

 

7.7 Task 7 –Technology roadmap  
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The Contractor shall provide a Technology Roadmap (TRM), including the required technology 

developments to meet targeted mission needs, and a plan and timeline to reach TRL 6 and 8. The 

Technology Roadmap must be provided in the format of the Technology Roadmap Worksheet 

(AD-5).  

 

 

Milestone 5: Final Review Meeting 

 

The outcomes of Tasks 6 and 7 shall be reported and presented in the Final Review 

Meeting, to be held at CSA headquarters. 

 

A Final Report shall be prepared summarizing the results of the technology development 

and test campaigns and drawing conclusions about the proposed 10 m GSD HSI 

breadboard. 

 

8. TRL timeline 
 
The targeted TRL for this technology development is TRL 3-4 within the contract period. The 

breadboard will be tested in both lab and field campaign. 

 
9. Targeted missions 
 

The optical filter based hyperspectral imager breadboard is targeted to a future Canadian 

Hyperspectral mission under CSA consideration. 

 
10. Schedule & Milestones  
 

This technology development is up to 15 months duration.  

 
Table 1 – Schedule & Milestones 

�
Milestones Description Start Completion 

KOM Start / Kick-off Meeting Contract Award 
Contract Award + 

2 weeks 

Milestone 1  

Review of proposed 

hyperspectral imager approach 

and development plan 

End of KOM 
Contract award + 3 

months 

Milestone 2  
Review of Breadboard Design 

and Test Plan 
End of M1 

Contract award + 6 

months 

Milestone 3 Breadboard Build Review End of M2 
Contract award + 9 

months 

Milestone 4  Breadboard Testing Review End of M3 
Contract award + 

12 months 

Milestone 5 Final Review Meeting  End of M4 Contract Award +  
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15 months or early 

 

 
11.  Specific Deliverables 
�
The deliverables defined here complement Section A.7 Contract Deliverables and Meetings of 

Annex A.  

 

The schedule for these and other contract specific deliverables should be identified in the bid 

proposal and agreed upon at the kick-off meeting. 

Table 2 – Deliverables 
�
ID Milestone Deliverable Timeframe for Delivery 
D1 

KOM 
Disclosure of BIP 2 weeks prior to 

scheduled meeting 

D2 

M1 

Procurement plan and specifications 

1.5 Optical filter(s) 

1.6 VNIR detector 

1.7 Fore-optics 

1.8 COTS optical filter based HSI 

(if applicable) 

2 weeks prior to 

scheduled meeting 

D3 
M1 

Breadboard Development Plan 2 weeks prior to 

scheduled meeting 

D4 
M1 

Requirements Document 2 weeks prior to 

scheduled meeting 

D5 
M2 

Breadboard Design Document 2 weeks prior to 

scheduled meeting 

D6 
M2 

Interface Control Documents 2 weeks prior to 

scheduled meeting 

D7 
M2 

Test Plan and Procedure 2 weeks prior to 

scheduled meeting 

D8 
M3 

Technical Report on Implementation of 

the Breadboard 

2 weeks prior to 

scheduled meeting 

D9 
M3 

User Manual of the Breadboard 2 weeks prior to 

scheduled meeting 

D10 
M3 

Updated Test Plan and Procedure 2 weeks prior to 

scheduled meeting 

D11 
M4 

Test Report 2 weeks prior to 

scheduled meeting 

D12 M5 Portable Breadboard hyperspectral 

imager system suitable for field 

campaign test and associated hardware 

(if applicable) 

During meeting 

D13 M5 Final Report 2 weeks prior to 

scheduled meeting 

D14 M5 Software 2 weeks prior to 
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scheduled meeting 

D15 M5 Updated User Manual of the breadboard 2 weeks prior to 

scheduled meeting 

D16 M5 Equipment (purchased under the 

contract) 

2 weeks prior to 

scheduled meeting 

D17 M5 Technology Roadmap Worksheet 2 weeks prior to 

scheduled meeting 
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Priority Technology 6 (PT 6) 

Soil Hazard Detection for 
Planetary Rovers 
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Priority Technology 7 (PT 7) 

Adaptation of Single Photon 
Counting Camera for NIR 
Imaging and Long Range 
Detection Applications 
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Priority Technology 9 (PT 9) 

Space Qualifiable Bonded 
Joints between Carbon Fiber 
Reinforced Polymer (CFRP) and 
Aluminum 
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�/1�����������B����%;�%��4��%���������������,��#�#������������/1�������;������������#��������������
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4�*��,�����%�#����%��������4�*��,�������*�������%������%�6�

• 3����������%��*�'���#���*��7�
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7��5�

• !�%������#���,��������������%��������%������4��������I����������4���#4�%�*�%���#�,��#����
�����%%�%�

• !�%������#���,�������������4����%��B��%��������%����������#��4��������I����������4���#4�%�*�%�
��#�,��#���������%%�%�

• -��������%�%����*����'��4�������%%�����������'�����4��%������#��#4�%�*�%������7�����4��%���#��#�
���&(��!���

• )��%����������#��4��������I����������4��,��#����%������4���#�%������%%��*����4��%�������#�
������������������

• !����������������%���%%�>�����7�,��%�����4��,��#%�
• �4�������'��������%�%����*����'��4��,��#����%������4������%���4������%���%%�%�
• ����'%�%�����4����%�%���%���%�
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• !�%��������4�����/1�����������B�����������'��%������4�������7�����������������%:�
o ��������������,��#�#������������/1�������6��4����������%�����������4��,��#������

%4���#�,�������+������
o �����������#��������������%�����

� ��%�#��#�������:��
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� �4��5��%%:�����
� 3����4�����4��,��#������������#���������

o �����������#����������������,��
� ��%�#��#�������:��
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� �4��5��%%:�	���
� 3����4�����4��,��#������������#����	
���

• /�,���������������������������������'�������%�
• !�*������������,��#���������#�����������4�������'���
• @�����,��#�����������4�������'���
• 1��#���*�,���������%��������4�B�����������'�����#�*����'���%�,��#����%������4�
• ��-�����%��������4�B�����������'�����#�*����'���%�,��#����%������4���#�%������%%�
• ����'%�%�����4����%�%���%���%�
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�/1�����������B����%:�

• �4��%����������������������%�#��%�,��#�����#4�%�*��������������������������4���/1��%��������%�
%4����,��,�%�#�����4��C�&�����#�����%����R�6
K�������)�%%�3�%%�8�)39���#�R
6�K���������#�
-�����������#��%�,���)��������8�-�)9�74���%�,B����#���������%%��������6��+��
�����;������
�������������������M<���S�������������#�������4���%��%�����&(��!���

• �4��*�������������4��,��#����%������4���#�%������%%�%4���#������+���#��
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• �4���/1�����������#�������'���%��������%�%4����,����#�������������%��4���4�*��%�����4��������
���4�*��,����2�������#�����%������%��

• �4���/1�����������#�������'���%��������%�%4����,����,������#�,'��%����%�����2�������#�
�����%%�%���������%%�%��4�������,��%�����2�������#�
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Priority Technology 10 (PT 10) 

Integrated LIBS/Raman Sensor 
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Priority Technology 11 (PT 11) 

Wide swath scanning detector 
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Priority Technology 12 (PT 12) 

Wide Field of View Fore-Optics 
Development 
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Wide Field-of-View Fore-Optics Development 

 

List of Acronyms 

AD:   Applicable Document 

AIT:  Alignment Integration and Test 

CSA:   Canadian Space Agency 

CTMD             Canadian Telescope Manufacturing Development 

FOV:               Field of View 

GEVS:            General Environmental Verification Standards 

GSD:  Ground Sampling Distance 

GSE:               Ground Supporting Equipment 

LEO:  Low Earth Observation Orbit 

MTF:   Modulation Transfer Function 

RD:   Reference Document 

RSA:  Rapidly Solidified Aluminum 

STOP:  Structural –Thermal- Optical 

SWIR:  Short Wave Infrared 

TMA:  Three Mirrors Anastigmat 

TN:                  Technical Note 

TRL:   Technology Readiness Level 

TVAC:             Thermal Vacuum Chamber 

WFE:              Wavefront Error 

VNIR:  Visible to Near Infrared 

 

Applicable Documents 

This section lists documents that are required for the bidder to develop the proposal. 

AD 
No. 

Document 
Number 

Document Title Rev. No. Date 

AD-1 CSA-ST-GDL-
0001 

CSA Technology Readiness Levels and 
Assessment Guidelines 

ftp://ftp.asc-
csa.gc.ca/users/TRP/pub/TRRA/ 

B Feb 14, 2014 

AD-2 CSA-ST-
FORM-0001 

Technology Readiness and Risk 
Assessment Worksheet: TRA 
Assessment Worksheet.pdf 

ftp://ftp.asc-

E July 29, 2013 
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AD 
No. 

Document 
Number 

Document Title Rev. No. Date 

csa.gc.ca/users/TRP/pub/TRRA/ 

AD-3 CSA-ST-RPT-
0002 

Technology Readiness and Risk 
Assessment Data Rollup Tool: 
TRA_Assessment_Tool.xlsm 

ftp://ftp.asc-
csa.gc.ca/users/TRP/pub/TRRA/ 

G Mar 10, 2014 

AD-4 CSA-ST-
FORM-0003 

Critical Technology Element (CTE) 
Identification Criteria Worksheet 

ftp://ftp.asc-
csa.gc.ca/users/TRP/pub/TRRA/ 

A Mar 11, 2014 

 

Reference Documents 

This section lists a document that provides additional information to the bidder, but is not 
required to develop the proposal. 

RD 
No. 

Document 
Number 

Document Title Rev. No. Date 

RD-1 CSA-SMSAT-
RD-0013 

WaterSat User Requirement Document, 

Canadian Space Agency 

ftp://ftp.asc-csa.gc.ca/users/STDP/pub/ 

Draft 0.10 Oct 17,2014 

 

Technology Description 

The development of an aspherical fore-optics (often referred to as a telescope) appropriate for 
space applications represents significant technological challenges in the VNIR and SWIR 
spectral ranges.  Currently, international expertise exists in the complete process of a telescope 
design, fabrication, assembly, and testing.  This expertise is coupled with proprietary 
manufacturing advances that have enabled the development of aspherical, large aperture, 
mirrors resulting in increased telescope performance.  This expertise is largely absent 
domestically, where the main deficiency is the inability to fabricate the appropriate high quality 
mirrors. Although in general they can be fabricated using variety of materials like glass, silicon 
carbide or beryllium, from the current CSA perspective the main interest is in the aluminum.  

The technology of choice is the single point diamond turning with main challenges being low 
surface micro roughness (below 5nm rms) and thermal and structural stability of the individual 
mirrors and of the whole assembly. The final purpose of this technology development is to 
provide access to CSA to a Canadian industrial capacity to design, fabricate, assemble, and test 
fore-optics appropriate for VNIR/SWIR space applications. In the current technology 
implementation, the CSA is mostly interested in a wide FOV, moderate aperture (�300mm) 
telescope for hyperspectral applications from a microsat platform and in other EO and space 
astronomy applications.   
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Future needs could include smaller parts of 1m class fore-optics and other optical elements (for 
example fold mirrors or image slicers etc). Yet more distant technology development may 
include mirrors for UV range (150 -350 nm). 

Scope of Work 

The scope of work defined here complements Section A.6 Generic Task Description of Annex 
A. 

The contractor will perform the work required to bring a fore-optics concept to TRL 5 where the 
TMA breadboard will be tested and verified in the relevant environment. The scope of this SOW 
encompasses the following activities: 

• Project planning and management 

• Systems Engineering 

• Trade-off analyses, coupon tests and validations. 

• Detailed design, including thermo-structural, STOP, tolerance and stray light analyses. 

• Complete set of drawings for manufacture 

• Manufacturing flow 

• AIT plan 

• Verification plan 

• Fabrication of the primary, tertiary , secondary and fold mirrors with their support 
structures 

• Fabrication of the whole TMA support structure 

• Fabrication of all required baffles and slit 

• Fabrication of the required GSE 

• Assembling and aligning the complete bread  board  TMA telescope 

• WFE test of individual mirrors at ambient temperature and pre and post thermal soak 

• Micro-roughness test for all mirrors 

• Mirrors coatings adherence, humidity and radiation test 

• Total transmittance 

• Vibration/shock test with pre and post performance testing, including WFE or  MTF, FOV 
and focal length 

• TVAC temperature performance testing with simulated realistic thermal boundary 
conditions 

• Provision of all related documentation. 
 
 

The Contractor must perform a Technology Readiness and Risk Assessment (TRRA) of key 
technologies foreseen to be used in the proposed system, in accordance with the requirements 
of AD-1 and in AD-2 while using AD-3 and AD-4, and must describe the performance 
characteristics of the technology with respect to the needs of the targeted mission for the given 
target environment. 

The Contractor must provide a Technology Development Plan, a.k.a. Technology Roadmap 
(TRM), including the required technology developments to meet targeted mission needs, and a 
plan and timeline to reach TRL 6 and 8. The Technology Roadmap must be provided as well in 
the format of AD-5. 

 

Functional characteristics and performance requirements 
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The technology product resulting from this contract shall be a final design and fabrication of the 
wide FOV fore-optics bread board, in the form of a fully functional and tested all metal TMA 
telescope. The list of mandatory requirements (matching the Watersat hyperspectral pushbroom 
imaging mission) is provided in table below. The assumed orbit is 650 km, sun synchronous. 

 

Parameter Value 

Wavelength Range 350-860 nm 

FOV 21x0.0082 degrees 

Pupil Aperture ~50 mm 

F/# �2.4 

EFL 101.2 mm 

Slit Size 37.5x0.015 mm 

Telecentricity �92% (<±0.8° incidence) 

Individual Mirror WFE 

Across FOV 

� 40 nm (rms) at 

operational temperature 

Total Telescope WFE 

Across FOV 

�  80 nm (rms) at 

operational temperature 

and operational boundary 

conditions 

MTF  � 70% at Nyquist freq. at 

all fields and wavelength 

Mirror Reflectivity with protecting 

coating 

� 90% across full spectral 

range 

Mirror micro-roughness  � 3 nm (rms) 

Distortion <5 µm 

Mass/Volume TBD (minimized) 

Operating Temperature 10 to 25°C 

Survival Temperature -10 to 50°C 

Launch Vibrations/Loads and 

Shock 

As per NASA  GEVS  

 

 

TRL timeline 

• Initial TRL: 3 
• Targeted TRL: 5  

 
 

Targeted missions 
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The specific mission classes that could directly benefit from the wide FOV fore-optics 
technology include:  

• Hyperspectral/multispectral microsat mission (specifically Watersat mission.) 

• CASS/CATS 

• PCW 

• Planetary exploration missions  (Lunar or Mars rover) 

• Space Astronomy (WFIRST, CASTOR) 

 

Specific Deliverables 

The deliverables defined here complement Section A.7 Contract Deliverables and Meetings of 
Annex A 

• Detailed Design complete documentation and TN 

• Relevant Analyses documentation and TNs 

• Manufacture plan and flow 

• AIT plan and flow 

• Verification plan and flow  

• Tests and Verification results documentation and TNs 

• TMA complete bread board 

• Technology Readiness and Risk Assessment Worksheets  

• Technology Roadmap Worksheet 
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Priority Technology 13 (PT 13) 

Planetary Rover & Onboard 
Instruments Extreme 
Environment Survival: Lunar 
Night Survival 
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Priority Technology 14 (PT 14) 

LIDAR-based Optical 
Communication 
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Priority Technology 16 (PT 16) 

Biological Sensors for 
Automated Cell Culture Facility 
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Priority Technology 17 (PT 17) 

Cryogenic Translation 
Mechanism for Future Far 
Infrared Astronomy Missions 
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Priority Technology 18 (PT 18) 

Gallium Nitride (GaN) High 
Power Amplifier development 
for C and X-Band Applications 
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Milestone Meeting Date Location 

M1 - KOM Kick-off Contract Start Date + 1 week Contractor 

TIM Technical Interchange As required Teleconference 

M2 Preliminary Design Review Wafer Fab start Date - 4 weeks 
See note 5, 6

 Contractor  

M3 Critical Design Review Wafer Reception Date + 8 weeks Contractor 

M4 Final Review Contract End Date - 1 Week CSA 

 

____________________________________________________________________________ 

Note 5: �4�� "��� ����������'� !�%���� 1�*��7� )������� %4���#� ������ ��#� %�,%�2����� 7�����
��������������������#�����������4����#�����4�����%��'��������4�����������8)���4���96�

Note 6: �4�� "��� ����������'� !�%���� 1�*��7�)������� %4���#� ������ ������ ��� ,�����'� ������#��
7��4��4��))���!�%����1�*��7�,'��4��7�����%�������6� � ����4�%���%�;��&�������%������*�%�
��%��,�� ��*���#� ��������������6� � �4�%�����%�������%��,�� %����%%����'���������#�,������
�4��7�������,�������������%����6�

____________________________________________________________________________ 
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�������,��9;���%�� �����#� ���� �4���������%6� � ��� ��#���� ���*��� ��%�%;� %���� �����������%���'� �����#� �4��
��������*�����������������6�

�4��%�������������������4������������'�!�%����1�*��7�)�������7����,�������*��7����#�������4��"���#�%����
������ ��� %�,�������� ���� ��,��������� ,'� �4�� ����#�'6� � �4�� "��� ))��� #�%���� ��%�� ,�� �������#� �%�
����������;��%���������#�,'��4��%�������;�����������4�%��������6���

�4�� %�������� ������� ��� �4�� /����� 1�*��7�)�������7���� ,�� ��� ��*��7� ��� #������ �4�� ��%���%� �,�����#6� �4�%�
���������%������#�#�������*�#���������������'������4������������;��4�����4���������4����'�8��9���#���4���
��*���#� �����#��%� ��� ��*��7� ��#� #�%��%%� �4�� ���B���6� A�'� ����������� ���%������ ��*��*�#� ��� �4�� 7��5�
��#�����*��7���%�������#��4���������%6��4���+����#������#����������4����*��7���������7����,���������'�
�����#����,'��4����;��4����;���#��4������������6�
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Priority Technology 19 (PT 19) 

Multi-Channel SAR Receiver 
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Priority Technology 20 (PT 20) 

Compact Active Sensor 
Technology (CAST) Prototype 
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Priority Technology 21 (PT 21) 

Advanced Single Photon 
Counting Auroral Ultraviolet 
Imager 
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Priority Technology 22 (PT 22) 

Miniaturized Plasma Imager 
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Priority Technology 23 (PT 23) 

ALI Concept Development 
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DID-0003 – Progress Report 
 

PURPOSE: 

The Progress Report records the status of the work in progress during the previous calendar period. 
The Progress Report is used by the Government to assess the Contractor's progress in performance of 
the work. 

PREPARATION INSTRUCTIONS: 

The Progress Report must comprise, but not limited to, the following sections: 

1) Statement indicating whether or not the project is on schedule and, if not, an explanation for any 
delays and/or a recovery plan. The report must include an updated schedule showing progress of 
work and modifications, if any; 

2) Statement indicating whether or not the project is within budget and, if not, an explanation for the 
deviation from the budget and a proposed recovery plan. The report must include an updated cash 
flow table showing, for each activity/milestone/Work Package, start and end dates as well as actual 
cash flow with actual start and end dates; 

3) Brief summary of the technical progress of the work for each work package, including: 

a) Description of major items developed, purchased or constructed during the reporting period, 
and 

b) List of internal engineering reports produced during the reporting period; 
c) PEC requirements trends, estimates and current margins, 

 

4) Summary of the proposed work for the following month, including: 
a) Description of major items to be purchased during the next reporting period, including any 

software packages, and 
b) Estimated date of completion for the next milestones; 

5) Summary of problems encountered, their impact on the project and the subsequent solutions 
proposed or implemented;  

6) Trip reports for each conference attended or facilities visited in the course of this contract (and only 
if funded by the contract); 

7) Subcontractor events (reviews, milestones, etc.), status and issues; and 

8) Risk posture analysis: Risk status report including previous issues resolved, status on on-going 
risks (changes and impacts), and identification of new risks, their impact and proposed mitigation 
action. 

An overall assessment of the project health must be provided at the start of each report. The aim is to 
have an overview of the project status. Table A-1 shows the information required and in what format. 
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Table A-1: - Project Health Status 

Project Element Status Trend Comment 

Cost Green ↑  

Schedule Green ↓  

Results / PEC Red ↔  

Programmatic Yellow ↑  

 

The first column identifies the project performance metrics to be assessed, namely Project Element. 
The four metrics to assess are: 

� Cost, 
� Schedule, 
� Results against PECs, and 
� Programmatic. 

The Cost, Schedule and Results/PEC metric are quantitative indicators, while the Programmatic metric 
is qualitative. 

The second column of the table shows the status for each project element. Table A-2 provides a 
definition of the different possible statuses for each of the first three Project Elements. 

Table A-2: - Status Indicators Definitions 

 Interpretation 

Status Indicator Cost Schedule Technical 

Green 
On or under planned 
project total budget 

On or ahead of baseline 
schedule 

Meets PEC 

Yellow 
Between 0 and 5% 

overrun 
Between 0 and 5% behind 

schedule 

Does not meet PEC 
but has approved 

recovery plan  

Red 
Greater than 5% 

overrun 
Greater than 5% behind 

Does not meet PEC 
and does not have 
approved recovery 

plan 

 

As for the Programmatic element, the status is evaluated based on the status of the three other 
elements. Although the Programmatic metric takes into account Cost, Schedule and Results/PEC 
indicators, it is mostly influenced by the most critical element at that point in time in the project. The 
third column in Table A-2 is an assessment of the trend the Project metric.  

Table A-3 shows the available choices. 

 

Table A-3: - Trend Indicators Definitions 

Trend Indicator Interpretation 

↑ The status has improved since the last review 

↓ The status has worsened since the last review 

↔ The status has not changed since the last review 
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The fourth column in Table A-1 is to provide the opportunity to comment the status and trend of the 
project element or to provide a general statement.  
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DID-0004 – Detailed Project Schedule 
 

PURPOSE: 

To provide a schedule planning and control system for the project and to provide visibility to the CSA 
into the program progress and status. 

 

PREPARATION INSTRUCTIONS: 

The project schedule must be based on the CWBS, in the form of a Gantt chart. The project schedule 
must be detailed enough to show each CWBS task to be performed, and must provide the following 
information: 

1) dependencies, 
2) resource requirements, 
3) the start and end date of each task (baseline and actual), 
4) task duration, 
5) completion status in percentage; 
6) deadlines and milestones, and 
7) critical path. 
 
The schedule must show dependencies between the Contractor and other organizations. 

The tasks related to deliverables must be limited to three months in the project schedule. When 
applicable, the Contractor must divide longer tasks into smaller significant tasks. 

Tasks that are not related to any specific deliverable, such as Project Management and Quality 
Assurance activities, must be grouped separately from the groups of deliverables, and must be shown 
at the top of the chart. The schedule must be provided in its native tool format; MS project or PS8 are 
the two accepted formats, as well as in PDF. 
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DID-0006 – Meeting Agenda 
 

PURPOSE: 

To clarify the purpose and content of a meeting. 

 

PREPARATION INSTRUCTIONS: 

The meeting agendas must contain the following information, as a minimum. 

1) DOCUMENT HEADER: 
a) Title; 
b) Type of meeting; 
c) Project title, project number, and contract number; 
d) Date, time, and place; 
e) Chairperson;  
f) Mandatory and desirable attendance; and 
g) Expected duration. 

 
2) DOCUMENT BODY: 

a) Introduction, purpose, objective; 
b) Opening Remarks: CSA; 
c) Opening Remarks: Contractor; 
d) Review of previous minutes and all open action items; 
e) Project technical issues; 
f) Project management issues; 
g) Other topics;  
h) Review of newly created/closed action items, decisions, agreements and minutes; and 
i) Set or confirm dates of future meetings. 
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  DID-0007 – Minutes of Meetings 
 

PURPOSE: 

The minutes of reviews or meetings provide a record of decisions and agreements reached during 
reviews/meetings. 

PREPARATION INSTRUCTIONS: 

Minutes of meeting must be prepared for each formal review or meeting and must include the following 
information, as a minimum: 

1) Title page containing the following: 
a) Title, type of meeting, date, time and duration. 
b) Project title, project number, and contract number, 
c) Space for signatures of the designated representatives of the Contractor, the CSA and the 

Public Works and Government Services Canada (PWGSC), and 
d) Name and address of the Contractor; 

2) Purpose and objective of the meeting; 
3) Location; 
4) Agenda (DID-0006); 
5) Summary of the discussions, decisions and agreements reached; 
6) List of the attendees by name, position, phone numbers and e-mail addresses as appropriate; 
7) Listing of open action items and responsibility for each action to be implemented as a result of the 

review; 
8) Other data and information as mutually agreed; and 
9) The minutes must include the following statement: 

 
“All parties involved in contractual obligations concerning the project acknowledge that minutes of a 
review/meeting do not modify, subtract from, or add to the obligations of the parties, as defined in the 
contract.” 
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DID-0008 – Action Items Log 
 

PURPOSE: 

The Action Item Log (AIL) lists, in chronological order, all items on which some action is required, allows 
tracking of the action, and in the end provides a permanent record of those Action Items (AI). 

 

PREPARATION INSTRUCTIONS: 

The Action Item Log (AIL) must be in a tabular form, with the following headings in this order: 

1) Item Number; 
2) Item Title; 
3) Description of the action required; 
4) Open Date; 
5) Source of AI (e.g. PDR meeting, RID, etc.); 
6) Originator; 
7) Office of Prime Interest (OPI); 
8) Person responsible (for taking action); 
9) Target/Actual Date of Resolution; 
10) Progress update; 
11) Rationale for closure; 
12) Status (Open or Closed); and 
13) Remarks. 
 
The date in column 9) will be the target date as long as the item is open, and the actual date once the 
item is closed. 
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DID-0009 – Review Data Packages 
 

PURPOSE: 

The Review Data Package is a collection of all documents to be presented by the Contractor for all 
formal Technical Reviews: 

 

PREPARATION INSTRUCTIONS: 

Each Review Data Package must contain the documents identified in the CDRL as due for that review, 
plus the presentations made at the meeting, the agenda, the minutes, and the AI list. 
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DID-0010 – End Item Data Package (EIDP) 
 

PURPOSE: 

Data to document the design, fabrication, assembly, integration and testing of the deliverable hardware. 

 

PREPARATION INSTRUCTIONS: 

An EIDP must be prepared for each deliverable assembly. The EIDP must be delivered in electronic 
format with a search function or interface. Upgrade changes performed as a result of the first phase 
deployment must be clearly identified. The contents of the package must include, but not be limited to, 
the following information: 

1) All hardware prototype and GSE including cables 
2) As-Built data: "As-Built" hardware documentation is a compilation of items describing exactly the 

configuration of a fabricated serialized assembly including: 
a) Part number and revision letter of each item 
b) Part description (title) of each item 
c) Electronic part reference designation 
d) Manufacturer 
e) Procurement specification or Source Control Drawing (SCD) number and SCD revision letter.  

3) A complete list of the tests performed including a compilation of test data and test results for each 
test.  

4) A list of open work/tests  
5) Listing of the As-Designed drawings & parts list, with reconciliation of As-Designed vs. As-Built for 

any deltas between them, for each indentured line item of the end item deliverable. 
6) A summary and copies of all deviations and waivers applicable to the deliverable items. 
7) A one time delivery, with updates as required: 

a) A complete and up-to-date top assembly drawing of each type of delivery. 
b) Complete and up-to-date mechanical and electrical Interface Control Documents (ICDs) 

(interface drawings and specifications), for each delivery. 
c) For electronic assemblies, a complete set of circuit schematics and circuit data sheets available 

for review at the Contractor’s premises. 



�

���		�
�

DID-0011 – Software End Item Data Package 
 

PURPOSE: 

Data to document the design, development, assembly, integration and testing of the deliverable 
software. 

 

PREPARATION INSTRUCTIONS: 

An EIDP must be prepared for each deliverable software. The contents of the package must include, 
but not be limited to, the following information: 

1) As-built product identification, including: 
a) Identification of software release by program ID, phase, version, date, and build, 
b) Operating system name and version, 
c) Programming language name, compiler name, and version, 
d) Supporting development environment name and version (if any); 

2) Final VDD; 
3) List all required software related documentation (under CM control), including the software design 

documentation, users’ manuals, test procedures, scripts and test results; 
4) All software source codes, executables, configuration and parameter files, reloadable FPGA 

configuration files; 
5) All third party software; third party software must be accompanied by a license that allows the 

software to be archived and copied as necessary for all future CSA operations; 
6) A list of all COTS software and computers purchased under this contract; 
7) All COTS software purchased under this contract (original disk or file with license to CSA), GSE 

software etc.; and 
8) A list of all open/closed anomalies or liens against this delivery. All flagged or major anomalies 

should be closed prior to the delivery. 
 
All software must be delivered on media that is directly compatible with the delivered hardware. One set 
of software must be installed on the delivered hardware. A second set must be supplied on a CD-ROM 
or DVD disk. 
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DID-0215 – Verification and Compliance Matrices 
 
PURPOSE: 

The Verification and Compliance Matrix shows the details of the compliance of the system and the 
verification thereof through the life of the project with respect to each system requirement. It is a living 
document that is updated at each review with new data. The matrix is tightly coupled with the 
Verification Plan because it provides the detailed linkage of verification activities to the specific 
requirements they address. However, it is a separate document form the Verification Plan. 

PREPARATION INSTRUCTIONS: 

The Requirements Verification and Compliance Matrices must contain, for each requirement: 

1) The requirement document number and requirement identifier, 
2) The requirement description, 
3) Other relevant requirement references, 
4) Verification method; 
5) Requirement compliance based on verification data presented at the current phase, 
6) For quantitative requirements, the actual predicted or achieved performance and the margin over 

the requirement, 
7) Link to the verification data that justifies the compliance and the quantitative value (document, page 

and paragraph), 
8) Comments, for example on plans to rectify non-compliances. 
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DID-0217 – Technology Readiness with TRRA Worksheets and 
Rollup 

 
PURPOSE: 

Referring to AD-1, the Technology Readiness and Risk Assessment (TRRA) Guidelines (CSA-ST-GDL-
0001), the TRRA describes in a systematic and objective fashion, at a specific point in time (milestone) 
in the development process, the technological readiness of a system for a particular spaceflight mission 
or environment, the criticality of the constituent technologies, and the expected degree of difficulty to 
achieve the remaining technology development steps. 

 

The TRRA provides for all the Critical Technology Elements (CTEs) of the proposed concept, as per the 
Product Breakdown Structure (PBS), a high-level summary of the maturity of the technologies and the 
technology development risks. 

Agreement on the appropriate PBS level and identification of the CTEs is required prior to the TRRA. 

 

PREPARATION INSTRUCTIONS: 

The Technology Readiness and Risk Assessment must be carried out in accordance with the CSA 
Technology Readiness Levels and Assessment Guidelines (AD-1) using the CSA provided worksheets: 
the Critical Technologies Elements Identification Criteria Worksheet AD-4 (CSA-ST-FORM-0003), the 
Technology Readiness and Risk Assessment Worksheet AD-2 (CSA-ST-FORM-0001) for each CTE 
and rollup using the Technology Readiness and Risk Assessment Data Rollup Tool AD-3 (CSA-ST-
RPT-0002). All the completed worksheets must be provided to CSA. 
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DID-0218 – Technology Roadmap Worksheet 
 
PURPOSE: 

The Technology Roadmap provides an overview of the required technology developments to meet 
mission needs and the plan and timeline to reach TRL 6 and 8. 

PREPARATION INSTRUCTIONS: 

The Technology Roadmap must be done using the format of the Technology Roadmap Worksheet AD-
5 (CSA-ST-RPT-0003). 
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DID-0236 – Engineering Models and Analyses 
 
PURPOSE: 

To support the design, establish feasibility of the design to meet the requirements in the design phases, 
and in some cases provide verification of compliance to requirements where this cannot be 
demonstrated directly by test or inspection. 

PREPARATION INSTRUCTIONS: 

GENERIC FORMAT AND CONTENT FOR ALL ANALYSES 

All CAD models developed must be delivered as appropriate. Models must be delivered in the following 
formats:

2
 

a) Mechanical design: STEP AP203 (.stp) 
b) Electrical design: .dsn, .sch, Pspice and Gerber formats 
c) Software design: UML 2.0 or XML (Extensible Markup Language) 

 
In cases where a different tool is used from the one CSA uses, the model and outputs must be supplied 
in native format in addition to the required format. For generic modeling and analyses that don't use a 
specialty tool, CSA will accept Matlab, Excel and MathCad format data. Where a highly specialized tool 
is used, the delivery format must be negotiated with the TA. Translation from the Contractor's tool to the 
required format is only acceptable where the results can be repeated in CSA's tool. Translation that 
corrupts the model, loses data, or produces data that is interpreted differently, is not acceptable. 

Analysis documents must contain all analysis work that is performed in support of the design. The 
analysis material must be sufficiently detailed so that, in combination with the delivered models, CSA or 
an external reviewer can reproduce the results. The analysis must establish feasibility and verification of 
the design to meet the requirements. 

The data must include references to sources such as equations, material values, parameters and 
properties. 

Each report must contain the following information, as a minimum: 

1) Objectives of the analysis; 
2) Reference to the relevant requirements; 
3) Description of the analysis tools used; 
4) Description of the model developed to aid the model user (if applicable); 
5) Identification of the assumption(s) made; 
6) Description of the main analysis steps and intermediate results; 
7) Results of the analysis and compatibility with the requirements; 
8) Identification of potential problem areas and presentation of alternative design solutions; and 
9) Conclusion. 
 
Delivered models must contain at least example outputs so that the user can check their function, and 
should contain the main outputs used in the analysis documents. 

���������������������������������������� �������������������
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DID-0260 – Design Document 
 
PURPOSE: 

To describe the features and capabilities of the item as designed. The item could be a system or 
subsystem. 

 

PREPARATION INSTRUCTIONS: 

The Design Document acts as an “answer” to the Requirements Document for the system or 
subsystem: the requirements state what is needed, and the Design Document describes what is 
provided to meet these needs. The Design Document serves as the main reference text for users after 
delivery of the item, describing the full range of performance and functional capabilities of the item, as 
verified during the test/verification program.

3
 

Each document must contain, as a minimum: 

1) Scope 
a) System Overview 
b) Document Overview 

2) System Design  
a) Functional Block Diagram 
b) External Interfaces 
c) Subsystems descriptions 
d) Internal Interfaces 
e) Functional description 

3) Mechanical description 
4) Electrical description 
5) Operating modes and states 
6) Environmental considerations derived from the environment requirements as specified in this SOW. 
7) Acronyms 
 

���������������������������������������� �������������������
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DID-0262 – Verification Plan 
 
PURPOSE: 

The verification process is defined by the Verification Plan. The plan also defines the planning policies, 
methods of controls, and organizational responsibilities. From the Verification Plan, the verification 
procedures are developed. The procedures provide the instruction, including configurations, constraints, 
and prerequisites, for obtaining data that show compliance with the requirements. 

PREPARATION INSTRUCTIONS: 

The Verification Plan must: 

1) define the verification activities that will prove that the system and subsystems meet the all the 
imposed requirements including functional, performance, interface, environmental, etc., 

2) define all verification activities at each phase of the project, including test, analysis, and inspection,  
3) describe the methods and techniques to be used to measure, evaluate, and verify the system. This 

is to include characterization of the system behaviour that is not controlled by requirements but is 
important for understanding of the system, and establishing the actual values of parameters that 
exceed requirements, 

4) use an appropriate combination of simulation and analytical tools, mock-ups, laboratory models, 
engineering models and prototype models,  

5) define the requirements for supporting facilities, analysis tools and test equipment, both existing 
and needing to be constructed. Assumptions on the use of Government-Furnished Equipment 
(GFE) in testing are to be documented, including: 
a) the specific equipment and materials needed, 
b) the configuration of the equipment to be used, 
c) any requirements on modification or upgrade of the GFE, 
d) the location in which it is to be used, 

6) define the schedule for verification activities and the schedule requirements for the Government 
furnished facilities (e.g. David Florida Laboratory). 

 
Requirements on GFE must be highlighted or summarized so that an integrated request can be given to 
the provider. 

For each defined test and analysis activity, the plan must contain: 

1) a description of the activity, 
2) the objective, including requirements to be verified, 
3) supporting hardware and software, 
4) assumptions and constraints that apply to the activity, 
5) plans to install, setup, and maintain items in the test or analysis environment, 
6) a description of the data recording, reduction, and analysis activities to be carried out during and 

after the activity. 
 

VERIFICATION METHODS DEFINITIONS 

The verification program must be accomplished by employing one or more of the methods described in 
the following sub-sections. 

Test 

Verification by test is the actual operation of the system, in clearly defined environmental conditions, to 
evaluate its performance. 

Functional Tests 

Functional testing is an individual test or series of electrical or mechanical performance test(s) 
conducted on the system’s hardware and/or software at conditions equal to or less than design 
specifications. Its purpose is to establish that the system performs satisfactorily in accordance with 
design and performance specifications. Functional testing is generally performed at ambient conditions. 
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Functional testing is performed before and after each environmental test or major move in order to 
verify system performance prior to the next test/operation. 

Environmental Tests 

Environmental testing is an individual or series of test(s) conducted on the system’s hardware to ensure 
that the rover hardware must perform satisfactorily in an analog environment. Examples of 
environmental tests are vibration, acoustic, thermal, vacuum and EMC. Environmental testing may or 
may not be combined with functional testing depending on the objectives of the test.  

Analysis 

Verification by analysis is a process used in lieu of, or in addition to, testing to verify compliance to 
specification requirements. (e.g. stress, thermal, materials). The selected techniques may include 
systems engineering analysis (structural, environmental, electrical, etc.), statistics and qualitative 
analysis, computer and hardware simulations, and analog modelling. 

Analysis may be used when it can be determined that: 

a) Rigorous and accurate analysis is possible; 
b) Test is not feasible or cost-effective; 
c) Similarity is not applicable; and 
d) Verification by inspection is not adequate. 

Demonstration 
Verification by demonstration is the use of actual demonstration techniques in conjunction with 
requirements such as serviceability, accessibility, transportability and human engineering features. In 
general, demonstration is specified as the method of verification for physical attributes which have no 
numerical requirements associated with them. This includes qualitative features such as comfort, 
accessibility, suitability and adequacy. Demonstration may also be specified for presence or 
compatibility of shipping containers, handling fixtures, etc. 

Inspection 

Verification by inspection is the physical evaluation of equipment and associated documentation to 
verify design features. Inspection is used to verify construction features, workmanship, dimensions and 
physical condition, such as cleanliness, surface finish and locking hardware. Often inspections are 
conducted in conjunction with a test or as part of assembly operations documented by manufacturing 
instructions (MIS). 

Validation of Records 

Validation of records is the process of using manufacturing records at end-item acceptance to verify 
construction features and processes for the system hardware. Verification of records is specified 
whenever it is necessary to compare two or more documents to each other in order to assess 
compliance with a requirement. Common examples of the way verification of records is used include: 

a) Examining drawings for features required by specifications; 
b) Examining parts lists for ESD sensitive components; 
c) Comparing two or more drawings to assess a mechanical interface; 
d) Checking personnel records for proper training; 
e) Checking facilities records for environmental exposure; 
f) Examining vendor data supplied with parts or materials; and 
g) Verification that analyses meet safety specifications. 

 
Similarity 

Verification by similarity is the process of assessing by review of prior test data or hardware 
configuration and applications that the article is similar or identical in design and manufacturing process 
to another article that has previously been qualified to equivalent or more stringent specifications. 

 

Review of Design Documentation 
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Verification by review of design documentation is the process of reviewing the design against the 
requirements, which as stated may or may not contain specifics to be met by a test, analysis, etc. but 
must be present in the design. This method is used during the preliminary design and critical design 
reviews of the development phase. 
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DID-0263 – Version Description Document 
 
PURPOSE: 

To identify the contents of a software Configuration Software Configuration Item (CSCI) release and to  
record the details of all aspects of the system, support software and hardware required to regenerate  
this CSCI.  
 
PREPARATION INSTRUCTIONS: 

The VDD must contain the following information, as a minimum:  
1) Version Description  

a) Inventory  
i) CSCI Source File Listing   
ii) Documentation. This section must list all relevant documents revisions associated 

with this build version (requirements, ICDs,…)  
b) Changes Incorporated. This section must list all new functionalities that were added, and/or 
all  problems  that  were  corrected  in  this  version.  A  list 
of  all  modified     and  created  files  with  the rationale must be included.  

2) Version Description - Support Items  
a) Hardware Tools   
b) Development Platform Hardware Requirements   
c) Software Tools  
d) Build Procedures  and  Development  Environment  Setup  Information.   
 The procedure  must provide step by step actions with screen shots whereas appropriate to 
document the complete build process.  

e) Installation Procedures  
f) Validation Test Scripts, Data and Results  

3) Known Errors and Possible Problems  
4) Notes  
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DID-0280 – Test Procedure 
 
PURPOSE: 

To define the procedure to be followed for each test to be performed. 

 

PREPARATION INSTRUCTIONS: 

This DID is applicable to systems, hardware and software. 

The test procedures must contain the following information, as a minimum: 

1. SCOPE 
This section must include a brief description of the test and the objectives of the test. 

2. TEST REQUIREMENTS 
This section must define the measurements and evaluations to be performed by the test. 

3. TEST ARTICLE 
This section must define in detail the test article configuration that is to be tested. 

4. TEST FACILITIES 
This section must identify the test facilities to be used, including their physical location, coordinates 
and contact points. 

5. PARTICIPANTS REQUIRED 
This section must provide a listing of the individuals (position titles, trade or profession) required to 
conduct or witness the test. 

6. TEST SET-UP AND CONDITIONS 
This section must include description/sketches of test articles in test configuration illustrating all 
interfacing test/support equipment. Instrumentation/functional logic must be shown where 
applicable. The section must include any environmental and cleanliness requirements. 

7. INSTRUMENTATION, TEST EQUIPMENT AND TEST SOFTWARE 
This section must provide a listing of the instrumentation, test equipment and software that is to be 
used during the test. 

8. PROCEDURE 
This section must define the step-by-step procedure to be followed, starting with the inspection of 
the test article, and describing the conduct of the test up to and including post-test inspection. Each 
test activity must be defined in sequence and task-by-task, including test levels to be used and 
measurements/recordings to be made. It must include any necessary malfunction and abort 
procedure.  

9. DATA ANALYSIS 
This section must define the methods to be used in the analysis of the results, along with the 
uncertainty range in the results. Data presentation format must be defined. 

10. ACCEPTANCE/REJECTION CRITERIA TABLE 
This section must provide data sheets needed during execution of the test specifying 
acceptance/rejection criteria, including identification of the associated requirements from the 
Requirements Documents or Specifications. These sheets will be in a tabular form allowing 
columns for measured values and deviations to be recorded. A computer printout generated by test 
software is acceptable provided it supplies the same information, however the test criteria must be 
stated in the Test Procedure. 
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DID-0285 – Test Report 
 
PURPOSE: 

To document the results of all tests done on a hardware unit or software CSCI. 

PREPARATION INSTRUCTIONS: 

This DID is applicable to systems, hardware and software. 

The test report must document all tests performed to verify that the unit or software will meet the 
functional and operational requirements specified in the Requirements Documents or Specifications 
applicable to the unit. 

The Test Report must contain, the following information, as a minimum: 

1. APPLICABLE DOCUMENTS 
This section must include test procedures and system requirements/specifications being tested. 

2. TEST ARTICLE OR SYSTEM UNDER TEST: 
This section must define in detail the test article configuration tested. 

3. PURPOSE: 
This section must describe the purpose of the test and the specific requirements/specifications that 
it is intended to verify. 

4. SUMMARY OF TEST RESULTS 
This section must present a summary of test results, including non-conformances, where 
applicable. 

5. TEST FACILITIES 
This section must identify the test facilities used, including their physical location, coordinates and 
contact points. 

6. TEST SET-UP AND CONDITIONS: 
This section must include descriptions/photos/sketches of test articles in test configuration 
illustrating all interfacing test/support equipment. Instrumentation/functional logic must be shown 
where applicable. The section must describe the environmental and cleanliness conditions present, 
as well as operating conditions (e.g. supply voltage). 

7. INSTRUMENTATION, TEST EQUIPMENT AND TEST SOFTWARE: 
This section must provide a listing of the instrumentation, test equipment and software used during 
the test. 

8. DETAILED TEST RESULTS: 
This section must record actual test data obtained on tabular sheets prepared in the Test 
Procedure (or software-generated) during the test performance, and deviations from the criteria. 

9. TEST DATA ANALYSIS: 
This section must document analyses required to relate the detailed results to the requirements to 
be verified. 

10. NON-CONFORMANCES: 
This section will provide all Non-Conformance Reports generated during the tests. The Non-
Conformance Reports will be dated and stipulate the latest dispositions.  

11. CONCLUSIONS AND RECOMMENDATIONS: 
This section must identify deficiencies, limitations or constraints and propose alternative design 
solutions to be evaluated in order to resolve problems encountered in testing. 
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DID-0301 – Operating Procedures and Users Guide 
 
PURPOSE: 

To provide detailed step-by-step procedures and guidance for the operation of the system (payload or 
rover). In the case of the rover, this must include procedures for the rover by itself as well as when 
integrated. 

 

PREPARATION INSTRUCTIONS: 

General Requirements 

The Operating Procedures and Users Guide must be provided in Microsoft Word. Drawings and 
pictures must be included in these Word documents, not in separate documents. 

The Operating Procedures and Users Guide must contain an appendix that analyses End-to-End 
Operations Workflow, including the real-time operations as well as the offline pre-and post-missions 
analysis work and the operator training process, including training session preparation, execution and 
the use of tools to evaluate operator performance and achieve their certification.  

The Users’ Guide must contain the following information: 

1) Description and principles of operation, including configuration for: 
a) Transportation 
b) Field Deployments (if different) 

2) Assembly procedure (if required): 
NOTE: this is internal to a rover or a payload, NOT the installation of a payload on a rover; the latter 
is to be presented in the Integration Procedures. 
a) Mechanical Interfaces (including cooling/heating connections) 
b) Electrical Interfaces 
c) Command and Data Handling (C&DH) Interfaces 
d) Scenario Setup Instructions (software & hardware) 
e) Scenario Analysis Instructions 

3) Disassembly procedure 
4) Operational modes 
5) Operational procedures: 

a) Identification of all operations for which the system was designed 
b) Specification of all constraints pertinent to each procedure, with references to technical 

documents for justification 
c) Power On/Off and initiation of the software and termination of system operation 
d) Calibration 
e) Routine operating procedures 
f) Monitoring of the operation of the system including: fault identification, evaluation, and 

conditions requiring computer shutdown 
g) Detection, analysis and correction of anomalous behaviour 
h) References to baseline configuration database for each parameter used in each procedure 
i) Operating rules 

6) C&DH Procedures 
a) Methods of commanding the system and/or experiment (computer, manual, other) 
b) Methods of collecting and disposing of H&S data 

7) Software User Procedure 
a) information and user instructions necessary for user interaction with the CSCI(s) including: 

i) step-by-step operating procedures, including the use of all pre and post missions analyses 
tools, and operator training, evaluation and certification tools, 

ii) identification of all options available to the user, 
iii) initialization procedures, 
iv) required user inputs and options, 
v) identification and description of system inputs and effects on user interface, 
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vi) termination methods and indicators, 
vii) restart procedures, and 
viii) expected outputs. 

b) a listing of all error messages including definition and action to be taken. 
8) Maintenance Procedures and Troubleshooting 

a) Recovery from faults or interrupts including restart and the collection of information concerning 
the fault 

b) Description of diagnostic features available to the operator of the system including: available 
tools, and step-by-step diagnostic procedures 

c) Trouble-shooting table 
d) Periodic maintenance required, including tasks and frequencies 
e) Test equipment and special tools required 

 
Operational Data Base  

The Operational Data Base (ODB) must contain definitions for the following data: 
1) Telemetry database format; 
2) Telecommand database format; 
3) System (rover or payload) Baseline Configuration:  

a) Definition of all parameters determining on-board database configuration at any time, including 
conversions and constraints, as installed in real-time, planning, and analysis platforms; 

4) Remote Control Station (RCS) Baseline Configuration: 
a) Definition of all parameters determining the RCS database configuration at any time, including 

conversions and constraints; 
b) Values of all system (rover or payload) related parameters in the ODB pertinent to procedure 

execution and on-board system maintenance; 
c) Constraints on telemetry values for status and health verification; and 
d) Software configuration status for the system (rover or payload) and the RCS. 
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