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 1.   Scope

The acquisition of the Hyperspectral Environmental Suite (HES) will follow a phased development strategy and will include two major phases: Formulation and Implementation. The work completed under this Statement of Work (SOW) for the Formulation Phase will be used as the foundation for the implementation contract to be awarded following completion of formulation.

At implementation the Government reserves the right to award a single contract for the HES tasks or separate contracts for the sounding tasks and the imaging task(s).

This SOW specifies the requirements imposed on the vendors for performing work to complete the Formulation Phase of the HES development. Twenty-four months is being allocated for performance of the Formulation Phase.

1.1
Introduction

The HES is being developed to provide infrared and visible environmental data collection capabilities for the GOES program series of geo-synchronous satellites to replace and augment the current GOES N Series of Sounding instruments. The HES threshold tasks are: Disk Sounding (DS) for temperature and moisture, Severe Weather/Mesoscale (SW) Sounding for temperature and moisture, and Coastal Waters (CW) imaging. 

The goal task of the HES development provides additional capability for Open Ocean (OO) imaging.  Threshold tasks have threshold requirements and goal requirements.  In parallel, the goal task has threshold requirements and goal requirements.

The Formulation Phase of the HES development includes studies of both the minimum operational performance (threshold) requirements of the HES tasks, as well as goal performance requirements and task.

The Contractor shall give first priority to meeting the threshold requirements of the threshold tasks.

The Contractor shall then address the goal requirements of the threshold tasks, then the threshold requirements of the goal task, and then the goal requirements of the goal task.

The Contractor shall assess the resources (size, mass, power, data rate, risk and cost) of meeting just the threshold requirements and present the results at PR #1.  Focal Plane Array (FPA) technology has been identified as a priority risk to be mitigated in this formulation phase of the HES procurement (reference sections 3.8.1, 4.2.6, 4.2.7, and 4.3.5).

For each of the ranges from the threshold to the goal values specified in the requirements document, and for the goal task the Contractor shall address the implications (size, mass, power, data rate, risk, schedule and cost) of moving toward or meeting the goal requirements, in the order provided above.

1.2   Definitions

In the context of this SOW:

The term shall designates a mandatory requirement imposed upon the Contractor.

The term will designates a fact or the intent of the Government.

The term Configuration refers to the packaging of the HES Suite; e.g., one example of a single combined instrument would be one box with one telescope and one scan mirror system with multiple focal planes to perform the DS, SW and CW tasks.  One example of separate instruments is separate optical systems for each task.  Other options exist.  Separate electronics boxes, or internal electronics are a part of the configuration.  It includes the modularity of subsystems and components and whether or not, or how, future performance enhancements can be incorporated.

The Contractor is free to study any combination but must define the ‘configuration’ for clarity.

The term Architecture refers to the methodology for performing the HES sounding tasks; viz., a grating based instrument or an interferometer based instrument, or a combination of both.

The term Approach refers to the methodology to be employed by the Contractor to meet the requirements of this SOW.

2.0
Applicable Documents
· 417-R-PORDHES-0020:  HES Performance and Operations Requirements Document (PORD) 

· 417-R-UIIDHES-0024:  HES Unique Instrument Interface Document (UIID) 

· 417-R-GIRD-0009:  GOES-R General Interface Requirements Document (GIRD) 

· 417-R-INSTMAR-0012:  GOES-R Instrument Mission Assurance Requirements (IMAR) 

2.1
Reference Document
· NASA NPG 8000.4:  Risk Management Procedures and Guidelines 
· 417-R-PORDABI-0017 ABI Performance and Operations Requirements Document (PORD)

3.   Formulation Phase Reviews

The Contractor shall perform the reviews and reporting tasks listed below.

The Contractor shall provide deliverable products as specified below.

The Contractor shall provide at each review the status of SOW items completed.

For all reviews the Contractor shall augment the presentation sheets with facing page narrative. 
The format of the reviews will provide breaks for caucuses of the Government review team; mid-morning, mid-afternoon and following the formal presentation.  The caucuses will be used to review the presentation and generate comments and questions for the Contractor, and to answer questions submitted by the Contractor that could not be answered from the floor.  Questions that cannot be answered at the review by either party will be submitted in writing following the review.

Specific Action Items (AIs) or Government Requests for Action (RFAs) or Requests for Information (RFIs), that require extended time for response, may be generated at any review or by the Government at any time.  

After contract award the Government will work with the Contractor to establish the review schedule to avoid conflicts with holidays and other commitments.  At that time the delivery schedule in the contract may be adjusted.

3.1
Kick-Off Review

A one-day kick-off meeting will be held at the Contractor’s facility in accordance with the delivery schedule set forth in the contract. 

At this review: 

The Contractor shall describe the strawman or basis of assumptions from which the trade studies and systems analyses will follow.

The Contractor shall provide and present to the Government the draft System Engineering Management Plan for formulation.

The Contractor shall provide an outline of the planned formulation schedule with milestones.

The Contractor shall provide and present to the Government the draft Risk Management Plan for formulation and provide an initial assessment of risks that will be addressed during formulation.

The Contractor shall provide and present to the Government the draft Technology Readiness Plan for formulation with milestones.

The Contractor shall address the Requirements Traceability tool to be used for formulation and the implementation of the HES development.

The Government will provide clarification of items in the PORD, GIRD, UIID and SOW to written questions received after contract start.

The Government will evaluate the draft plans and provide comment following the meeting.

At PR #1 the Contractor shall deliver final System Engineering Management, Risk Management, and Technology Readiness Plans for formulation.

3.2   Progress Reviews 

As provided in Section B of the Contract, there will be four one-day Progress Reviews (PRs) held at the Contractor’s facility, in accordance with the schedule presented in the contract. 

The review agendas will be established jointly by the Government and the Contractor.  The concept is that the Contractor shall submit the agenda approximately two weeks prior to the review, and the Government will add additional items to be addressed, if any.

At these reviews:

The Contractor shall present the results of the work performed since the previous review.

The Contractor shall discuss relevant technical and programmatic issues and findings.

At PR #1 the Contractor shall evaluate all requirements of the DS, SW and CW tasks that are achievable, including goals, and assess the impact to risk, mass, volume, data rate and power.

At PR #1 the Contractor shall identify requirements that are redundant or contradictory.

At PR #1 the Contractor shall evaluate all requirements of the goal task and recommend which requirements are not practical due to risk, mass, volume, data rate and power considerations, and provide alternatives to the requirements and/or constraints.

The Contractor shall describe at PR #1 the analytical models to be used, and simulations planned for the formulation as well as implementation phases of the HES development. 

The Contractor shall identify, at each review, opportunities to reduce and retire risk to performance, schedule and/or cost, and opportunities to compress schedule or cost by recommending specific requirements changes, including changes to threshold requirements.

The Contractor shall provide a rationale for each recommended change to the requirements.

3.3   Initial Evaluation Review

The Initial Evaluation Review (IER) will be a two-day review held at the Contractor’s facility facility in accordance with the delivery schedule set forth in the contract.
The IER will be a gate for possible additional trade studies, performance requirements changes, and mission resource allocation.  

The Government intends to refine requirements for the HES to be considered in the system trade studies following the IER (within two months).

Following release of any requirements changes the Government will answer any clarification questions provided the questions are submitted in writing.  

The Contractor shall submit any questions to the Government within two weeks of release of any requirement changes.  Clarification to requirements will be provided to all formulation contractors. 

At this review:

The Contractor shall present the results of the requirements evaluation, with recommended changes designed to reduce mass, volume, power, data rate, risk or cost.  

The Contractor shall present the results of the system studies defined in Trade Study 1 (TS1) (Section 4.2.3).

The Contractor shall recommend an architecture and configuration for the HES implementation.

As part of this configuration and architecture recommendation, hereinafter called the recommended approach (RA):

The Contractor shall corroborate the RA with parametric studies in the risk, size, mass and power consumption trade space.

 The Contractor shall substantiate the RA with the requisite analyses in accordance with TS1.

The Contractor shall identify the advantages/disadvantages of the RA for the overall HES system.

The Contractor shall compare the advantages/disadvantages of the RA to the advantages/disadvantages of alternate approaches.

The Contractor shall discuss in detail the technical and programmatic risks and mitigation approaches associated with the implementation of the RA.  

This discussion shall include:

· Fabrication, Integration and Test.

· Calibration

· Certification of Mission Life Issues

· Long Term Stability

· Development Lead Times, Performance and Life History of Heritage Designs.

· De-scope options.

The Contractor shall compare the problems and risks in the RA with accompanying findings for alternate approaches.

The Government may provide comment on the RA, but the Contractor is encouraged to proceed to concept design with the approach of its choice.

It is not the Government’s intent to encourage or require a contractor to carry multiple architectures or multiple configurations to concept design.  To do so would dilute the value of each effort.
The Contractor shall deliver the draft IER Data Package seven (7) days prior to the review, and the full presentation, including a copy in electronic form, at the review.

3.4   Midterm Review 

The Midterm Review (MTR) will be a two-day review held at the Contractor‘s facility approximately facility in accordance with the delivery schedule set forth in the contract.

The Contractor shall submit the draft MTR Data Package in electronic format seven (7) days prior to the review.

At this review:

The Contractor shall present the results of trade studies and analyses completed after the IER. 

The Contractor shall present the initial HES concepts that were used as the basis for trade studies.  

The Contractor shall address the status and key results to date of all items identified in Section 4.1, 4.2, 4.2.1, 4.2.2, 4.2.3, 4.2.4 and 4.2.5.

The Contractor shall present the configuration and architecture that is to be brought to a concept design; i.e., the previously defined RA or another approach.

The Government will release the final requirements approximately three months following the MTR.

Following release of the final requirements the Government will answer any clarification questions provided the questions are submitted in writing.  Contractors should submit their questions to the Government within two weeks after release of final requirements.  Responses to the questions will be provided to all formulation contractors.  

3.5   Formulation Phase Concept and Cost Review 

The Formulation Phase Concept and Cost Review (FPCCR) will be a three-day review held at the Contractor’s facility in accordance with the delivery schedule set forth in the contract.

The Contractor shall submit the FPCCR draft Data Package in electronic format 2 weeks prior to the review.

At this review: 

The Contractor shall present the results of the work performed under the contract. 

The Contractor shall present a summary of all analyses and trade studies.  

The Contractor shall present the Concept Design developed as a result of the formulation studies.

The Contractor shall present (in a separate document) an estimate of costs for implementation, broken down to level four of the Work Breakdown Structure (WBS), using the Contract WBS provided by the Government after the MTR, which will be used for the balance of formulation and for the implementation phase.  The cost information will not be presented at the open review, just an overview of the process.

The Contractor shall convene a splinter review, following the FPCCR, to discuss the cost information with Project Management.

The Contractor shall discuss and deliver to the Government the draft version of those plans to be used during the Implementation Phase that are listed on the Document Delivery List.  

The Contractor shall address all topics listed in Section 4.2.5 through 4.4 of this SOW.  

3.6   Action Item Review

The Action Item Review (AIR), to be held at the Goddard Space Flight Center, will be a one-day review held facility in accordance with the delivery schedule set forth in the contract.  The AIR will be the final event in the formulation study and will be used to wrap up any action items or other issues remaining after the FPCCR. 

The Contractor shall present closure to Action Items (AIs) remaining from the FPCCR.

The Government will provide additional clarification of the final requirements, if needed, provided the question(s) have been submitted in writing prior to the AIR. The question(s) along with answers will be distributed to all Contractors. 

At the AIR the Government will identify residual weaknesses found in the Concept Design, draft implementation plans, trade studies and analyses.  

3. 7   Final Report Package

The Final Report Package will consist of:

· The FPCCR report in text, summarizing the results of the entire contract, including recommendations, conclusions and a description of the Concept Design, with Table of Contents, tables, figures and drawings as appropriate.

· A compilation of all deliverable products that document the work performed under the Formulation Phase Contract.

3.8    Contract Deliverables 
3.8.1 Document Delivery

 The Contractor shall deliver the following documents as specified.


Deliverable Item






Delivery Date
· Draft Systems Engineering Management Plan – formulation
At Kick-off Review

· Draft Risk Management Plan – formulation



At Kick-off Review

· Draft Technology Readiness Plan - formulation


At Kick-off Review

· Formulation Schedule with Milestones 



At Kick-off Review

· Master Action Item Data Base – start ACA*



As updated

· Requirements Traceability Matrix – formulation


At PR #1

· Decision Matrix - formulation




At PR #1

· Systems Engineering Management Plan – formulation

At PR #1

· Risk Management Plan – formulation



At PR #1

· Technology Readiness Plan – formulation



At PR #1

· Government Provided Performance Parameter Sheet 

At each PR

· Draft Initial Evaluation Review Data Package


1 week before IER
· Initial Evaluation Review Data Package



At the IER

· Radiometric Analysis of recommended approach


At the IER

· Draft Mid-Term Report





1 week before MTR

· Mid-Term Report






At MTR

· Trade Study and Systems Analysis Reports



At PR following MTR 

· Recommended Work Breakdown Structure, 



At or before MTR

· Implementation

· FPA prototype test plan





2 weeks before MTR

· Implementation Phase Schedule, draft



At MTR

· Systems Engineering Management Plan, draft - implementation 
With FPCCR data package

· Software Development Plan, draft - implementation


With FPCCR data package

· Verification Plan, draft - implementation



With FPCCR data package

· Project Management Plan, draft - implementation


With FPCCR data package

· Configuration Management Plan, draft - implementation

With FPCCR data package

· Technology Readiness Plan, draft - implementation


With FPCCR data package

· Financial Management Plan, draft - implementation


With FPCCR data package

· Risk Management Plan, draft – implementation 


With FPCCR data package

· Mission Assurance Implementation Plan, draft - implementation
With FPCCR data package

· Contamination Control Plan, draft – implementation


With FPCCR data package

· Draft FPCCR Package





2 weeks before FPCCR

· FPCCR Package






At FPCCR

· Concept Design presentation





At FPCCR

· Cost Estimates







At FPCCR

· Updated Implementation Phase Schedule, draft


At FPCCR

· Test Reports







At FPCCR

· FPA prototype interface documentation



At FPCCR

· Requirements Traceability Matrix, draft - implementation

At AIR

· Decision Matrix, Draft – implementation



At AIR

· Final Report package






At AIR

3.8.2
Acceptance of Contract Deliverable Items
The Contracting Officer’s written determination that Government Requests For Action (RFAs), Request For Information (RFIs), other Action Item (AI) closures, and other deliverable reviews and products, have been closed out or completed will constitute acceptance of the deliverable.

3.9
Contractor Web Page
The Contractor shall establish a secure web site, with remote access by the Government for retrieval of required documents,  e.g., Technical Analyses, System Trade Study Reports, data packages, etc., and for exchange of other competition sensitive information.

4.  Formulation Tasks

The Formulation Phase is partitioned into four segments:  Segment one ends with the IER, segment two ends with the MTR, segment three ends with the FPCCR, and Segment four ends with the AIR.

4.1   General

The Contractor shall complete the following four segments of study that comprise the Formulation Phase of the HES development:  

· Systems Requirements Analysis, Configuration Trade and Architecture Trade Studies 

· System Trade and Requirements Baseline Studies 

· Conceptual Design of a HES instrument

· Closeout with AIR

The Formulation Phase requires both technical as well as program management effort and will result in a final definition of requirements and the submission of a concept design that may be the basis of the contractor’s implementation proposal.   

The intent of segments 1 and 2 of the study is to determine the feasibility of meeting the threshold requirements of the HES PORD, and the implications of the goal requirements and their impact on instrument mass, volume, power, data rate, associated risks and cost.  The notional baseline of a distributed (multi-sat) system with co-manifested launches, which is currently under study, has introduced significant instrument mass and volume constraints as captured in the HES UIID.  These studies are designed to enable the Government to:  (1) Update and refine mission requirements throughout the sequence of scheduled reviews; (2) reduce the requirements trade space, and define or bound the configuration and architecture baselines following completion of the IER; and (3) issue final requirements approximately three months following the completion of the MTR.  The intent of segment 3 is to provide concept designs for potential implementation from each contractor.  Segment 4 closes out the formulation phase with closure of Action Items and identification of weaknesses to each contractor.

4.2   Systems Engineering

The Contractor shall use a disciplined Systems Engineering Process (SEP) for the performance of all tasks within this SOW. 

The Contractor shall develop and implement a systems engineering management process and document the process within a Systems Engineering Management Plan (SEMP) to complete the Formulation Phase. 

The SEMP shall define the necessary tasks and activities to be performed to complete the following systems engineering tasks:

· Requirements analysis and traceability

· Functional analysis, allocation and derivation

· Synthesis for the system Concept Design.

The Contractor shall use the SEP to transform the requirements stipulated in the PORD, GIRD, UIID and IMAR into a design process that addresses the following elements for the Concept Design: 

· Systems design

· System Element Prototyping

· Systems development

· System fabrication

· System test, evaluation and calibration

· Operational deployment

4.2.1   System Requirements Analysis

The Contractors Systems Requirements Analysis shall address the following general requirements: 

· Analysis of the HES mission, performance, technical, operational and interface requirements as stated in the PORD, GIRD, UIID and IMAR;

· Development of a Traceability Matrix of all requirements from the PORD, GIRD, UIID and IMAR to the Contractors derived and allocated requirements for the HES Instrument;

· Development of a Decision Matrix with an audit trail from requirements to analysis to Concept Design, including key decisions made and their rationale; 

· Development of a verification and validation methodology designed to demonstrate that the Concept Design meets requirements; 

· Development and maintenance of a Master Action Item Database (MAID) listing all RFAs from formal reviews, Government status reviews, internal technical reviews, peer reviews, and telecons, listing author of the RFA, person responsible for closure, wording of the RFA, response, person(s) authorizing final closure, and date closed.  The update frequency of the MAID will depend upon the level of activity, with a nominal update of once per month.  The MAID will be carried forward into the implementation phase.

The Contractor shall conduct trade studies, trade-off analyses, risk analyses and cost-effectiveness analyses to ensure that a thorough and comprehensive set of options and alternatives is considered and analyzed for design, with consideration for all aspects of the system life cycle and all aspects of system life cycle cost.

 4.2.2   Systems Requirements Baseline 

The Contractor shall identify the schedule, cost, and risk drivers of the instrument design requirements 

The Contractor shall evaluate all requirements and recommend at the IER and MTR modifications that would significantly reduce the size, mass, power, data rate, technical concerns, associated risks, and costs.   

The Contractor shall evaluate all requirements, in the range between threshold and goals, in terms of performance, risk, and system resources.

The Contractor shall recommend, at the IER, modifications to establish firmer performance limits for the requirements to help bound the trade space.  

The Contractor shall propose requirement values, and the associated rationale, for all parameters listed as “TBD” or "TBR" within the HES requirements documents, NLT the MTR.

The Contractor shall quantify potential cost impacts of the recommended requirements changes, on an absolute and relative cost basis, measured in FY 2004 dollars.

4.2.3 Trade Studies and General Analyses

The Contractor shall perform the trade studies listed below and other trade studies as the Contractor chooses. 

The Contractor shall include the following information in each Trade Study Report:  

· Evaluation of how the trade-offs impact potential HES design concepts;

· Evaluation of technical performance, schedule and cost risks;

· Evaluation of impact on system mass, power, volume and data rate.

The Contractor shall complete all trade studies required by the contract prior to the MTR.

The Government reserves the right to add additional trades and analyses as formulation progresses.

TS1:  Requirements Analysis, System Configuration and Architecture Trade Study

The Contractor shall complete Trade Study TS1 prior to the IER.

The Contractor shall evaluate instrument configurations and architectures necessary to meet the HES threshold requirements while minimizing risk.

The Contractor shall develop a configuration modular in concept that allows for technology and performance upgrades as HES requirements evolve.

The Contractor shall study at least two configuration alternatives:  1) A combined DS and SW instrument with a separate CW instrument; 2) a combined DS, SW and CW instrument; and 3)  configuration(s) of the contractor’s choice.

The Contractor shall study at least two architecture alternatives for the sounding tasks:  1) A grating based instrument, and 2) an interferometer based instrument.

The Contractor shall include estimates of mass, size, power, data rate, technical performance, associated risks and cost for each configuration and architecture studied. 

The Contractor shall provide a cost estimate for separate DS and SW/M task instruments under the following assumptions: 1) each instrument shall meet the HES threshold requirements for each respective task only and 2) each instrument can utilize, as a maximum, the full HES suite interface allotment of mass, power, volume and data rate identified in the HES UIID.

The Contractor shall evaluate configuration and architecture impacts on at least the following:  Detectors, detector cooling, Detector Optics Ensquared Energy, Modulation Transfer Function, NEDN and/or NEDT, S/N, IFOV, Ground Sample Rate (GSR), coverage, scan rate, data rate, scene non-homogeneity, instrument thermal control, mechanical impulses and jitter.

The Contractor shall identify the flight instruments that can be considered as heritage instruments for a grating or interferometer based sounder, including in-flight performance assessment and lifetime.

The Contractor shall identify the features in heritage instruments that can be used to reduce risk in the HES development.

The Contractor shall evaluate the pointing accuracy of the instrument and its sensitivity to disturbances (both spacecraft disturbances and self-induced disturbances) as a function of system configuration and architecture.

The Contractor shall recommend requirement relaxations that would significantly mitigate technical, schedule and cost risks.

The Contractor shall identify goal requirements that could be approached, met or exceeded with minimal risk.

The Contractor shall evaluate the GSR, as well as the coordination of space looks, star looks, black body calibrations, and the interleaving of HES-CW task with the sounding tasks and the “time” (scan efficiency) associated with the primary regions (62-degree LZA region and mesoscale region) and the following typical operational scenarios. 

1. Repeating CONUS coverage with HES-DS,

2. Repeating CONUS coverage with HES-SW/M,

3. Repeating CONUS coverage with HES-DS interleaved with HES-SW/M doing a Mesoscale region,

4. Repeating Northern LZA region with HES-DS,

- Northern LZA is defined as the northern hemispheric portion of the 62-degree LZA.

5. Repeating Northern LZA region with HES-SW/M,

6. Repeating Northern LZA region with HES-DS interleaved with HES-SW/M doing a Mesoscale region.

TS2:  Backup Imaging Mode Trade Study
The Contractor shall evaluate how the HES could be used to provide ABI backup in the event of an ABI on-orbit failure and the functional ABI has been moved to the central position nominally at 105 degrees W. The Contractor shall provide an estimate of the size, mass, power, technical performance, associated risks, and all cost impacts of the design features required to provide this capability in the instrument (not the ground system).  

The Contractor shall identify the impact on HES performance of any potential ABI backup mode.

The Contractor shall identify potential modifications to the ABI backup requirements that would significantly reduce the impact on available resources.

Reference the ABI PORD for ABI capabilities.

TS3:  Zones of Reduced Data Quality Study

The Contractor shall evaluate instrument performance in the reduced data quality zones defined for HES.  

The Contractor shall provide the impact on each channel if there are significant differences between the spectral bands in performance and designs to accommodate these zones.  

The Contractor shall study options for reducing the angular size of these zones and provide the instrument performance, risk, and implementation cost and schedule impacts (both non-recurring and recurring) of the selected options.

The Contractor shall evaluate the impact on instrument configuration of operating through eclipses while meeting all performance requirements for operating through eclipses.

The Contractor shall evaluate the impact on performance and safety of solar intrusion during anomalous conditions as defined in the GIRD, section 3.1.2.3 (On Orbit Operational Concept).  
TS4:
Calibration Methodologies Trade Study

The Contractor shall evaluate instrument calibration methodologies for radiometric, spectral calibration and Image Navigation and Registration (INR) performance for the following stages of development; ground test and evaluation, performance and functional verification, pre-launch operations and on-orbit operations. Achieved GSR and the associated scan efficiencies shall be assessed in the on-orbit operations case.
TS5:  CW Task Usage Trade Study 

The Contractor shall complete TS5 prior to the IER.

The Contractor shall study options for the usage of an instrument performing the CW task, including the capabilities of the survey and localized modes.
The Contractor shall evaluate the performance of the CW task in terms of the S/N, the detector properties, spectral resolution, spatial resolution, MTF, data rate, and image navigation and registration.

The Contractor shall evaluate the deltas, compared to the recommended approach, in the risk, cost, mass, power, volume and data rate. 

The Contractor shall provide a cost estimate for a separate CW task instrument under the following assumptions: 1) the instrument shall meet the HES threshold CW requirements only and 2) the instrument can utilize, as a maximum, the full HES suite interface allotment of mass, power, volume and data rate identified in the HES UIID.

The Contractor shall also assess the impact and performance of the 0.570 um band localized mode.

TS6:
Additional trade studies as proposed by the Contractor.

The Contractor shall define the additional trade studies to be performed in the proposal.

Additional trades must be incorporated in Attachment F of the Contract.

4.2.4   Tool Development

The Contractor shall utilize a requirements traceability tool to track the flow down of requirements to the subsystem or lower level.  The GOES-R Project is using DOORS. 

The Contractor shall use the tool to demonstrate that the HES conceptual design meets all requirements.  

The Contractor shall develop simulations and analytical tools, including a radiometric mathematical model, in support of the conceptual design and trade study effort.  This does not include retrieval algorithms.  

The Contractor shall use these tools throughout the HES Formulation and Implementation Phases.  

It is the intention of the government to make these analytical tools, simulations and models deliverable items early in the implementation phase by the selected HES Contractor, and to have these tools supported and updated by the HES Contractor throughout the implementation phase.

4.2.5   Simulation  

The Contractor shall use the simulation tools to demonstrate that the expected performance of the Concept Design meets performance requirements.

The Contractor shall demonstrate data decompression, calibration and INR algorithms at the full data rate of the HES.  

The Contractor shall use the simulation to demonstrate and quantify the impact of data processing on HES CW image quality. 

The Contractor shall include in the simulation models of HES, scanning artifacts, the instrument to spacecraft transfer function, the spacecraft to instrument transfer function, and estimated spacecraft orbit and attitude errors.

The Contractor shall use the simulation tools to estimate the computer resources necessary to provide the Level 1b data products (calibrated and navigated radiances), for each sounding architecture, by the MTR.   

4.2.6 Concept Design and Related Analyses

The Contractor shall develop a Concept Design for HES addressing all requirements contained in the PORD, GIRD, UIID and IMAR. 

The Contractor shall perform engineering analyses to justify design parameters, tolerances, and design/performance margins, and to support required trade studies.   

The Contractor shall maintain a Government Provided Physical Parameter Sheet (GPPPS) that includes performance, mass and power breakdowns by subsystem and component.

A template of the draft parameter sheet will be provided at the Kick-Off Review.

 (1)   Mechanical

The Contractor shall provide a preliminary mechanical and structural analysis demonstrating size and mass margins, first mode resonances, instrument sensitivity to dynamic and shock loads, and sensitivity to self and spacecraft induced disturbances.

The Contractor shall assess the effects of an active mechanical cooler vibration on system performance and cooler reliability over the mission lifetime (lifetime includes ground test, ground storage periods, and in orbit storage and operations) if the design concept includes a mechanical cooler(s).

(2)   Power System

The Contractor shall provide a preliminary analysis of the power system requirements of the Concept Design.  

(3)   Command and Telemetry

The Contractor shall provide a preliminary analysis of the Command and Telemetry architecture of the Concept Design including onboard memory and stored commands, onboard processing, health and safety, engineering and science data flow and data compression.

(4)  Thermal

The Contractor shall provide a preliminary analysis of the thermal control system showing planned heat flow to the spacecraft and instrument radiators, designed operating temperature range, radiator sizing, and optical and focal plane cooling.

The Contractor shall examine electric power dissipation on the focal plane, thermal conductivity of electrical connections and mechanical supports, parasitic thermal conduction and radiation in the cooling system, and the potential deposition of contaminants (e.g., icing) on the focal plane array and surrounding areas that support low temperature conduction to the focal plane array.  

 The Contractor shall address de-icing capability in the event of icing of the focal plane arrays and optics.

The Contractor shall examine instrument resource, cost and risk reduction to be gained if the spacecraft were to perform a twice-yearly yaw flip maneuver.

The Contractor shall establish permissible deviations from a clear FOV for instrument radiators.

(5)   Fault Detection

 The Contractor shall provide a preliminary analysis of the Fault Detection and Correction methodology proposed for the Concept Design to prevent failures due to Single Event Upset (SEU) and Single Event Latch-up (SEL) events.

(6)   Calibration

The Contractor shall define the proposed calibration methodology for the HES (both pre-launch and post launch). 

The Contractor shall develop a conceptual design for instrument calibration. 

The Contractor shall provide a radiometric analysis, with documentation, for the recommended approach.

The Contractor shall identify all radiometric errors, e.g., those produced by non-Gaussian noise, shot noise, white noise, 1/f noise, popcorn noise, thermal drifts of the detectors, optical elements, misalignment, jitter, polarization, and variations in the HES optical and polarization throughput over its field of regard. 

The Contractor shall address in the calibration analysis correlated radiometric errors, such as shading and striping and single pixel errors.  

The Contractor shall discuss the mitigation of these radiometric errors as a function of the frequency of onboard calibration measurements.

(7)   Image Navigation and Registration

The Contractor shall define a systems approach for meeting the mission-level INR requirements specified in the PORD, given the spacecraft interface specification contained in the GIRD and UIID.  

The Contractor shall include in the scope of the INR solution a description of all flight hardware and ground processing algorithms required to meet mission-level INR requirements.

If re-sampling is used the Contractor shall define the re-sampling algorithm and its impact on accuracy of calibration.

The Contractor shall develop INR error budgets.

The Contractor shall discuss requirements for hardware and processing elements related to INR.

The Contractor shall provide supporting analyses for their INR error budgets and derived requirements.

The Contractor shall address the requirement to verify all INR requirements on-orbit.

(8)
Channel to Channel Registration (Co-registration)
The Contractor shall develop a systems approach for meeting the mission-level channel to channel registration requirements specified in the PORD, given the spacecraft interface specification contained in the GIRD and UIID.  

The scope of the Contractor’s channel to channel Registration solution shall include a description of all flight hardware and ground processing algorithms required to meet mission-level channel to channel registration requirements.

If re-sampling is used the Contractor shall define the re-sampling algorithm and its impact on accuracy of calibration.

The Contractor shall develop channel to channel registration error budgets.

The Contractor shall define requirements for hardware and processing elements related to channel to channel registration.

The Contractor shall provide supporting analyses for their channel to channel registration error budgets and derived requirements.

The Contractor shall provide an analysis of size, mass, power and cost versus performance of the system necessary to meet the channel to channel registration requirement if the requirement is considered a significant cost driver.

The Contractor shall address the requirement to verify all channel to channel registration requirements on-orbit.

(9)   Software

The Contractor shall define the software architecture for the HES instrument that includes flight software, and ground system software for instrument operation and test.

The Contractor shall define the software functions and processes and include estimates for software lines of code (SLOC) with estimates for new, modified and any re-use SLOC. 

The Contractor shall define the target software language(s) and develop a conceptual design and draft Software Development Plan (SDP) for the software that will be developed in the Implementation Phase including integration and test software, simulation software, ground processing software, launch operations software and the flight software.  

The Contractor shall address, in the SDP, independent verification and validation (IV&V) on all software according to NASA IV&V practice (http://www.ivv.nasa.gov/iso9000/).

(10)
Detectors

The Contractor shall develop a design concept for the focal planes proposed for the Concept Design.     

The Contractor shall provide an estimate of detector performance required to meet instrument requirements.

The Contractor shall assess detector performance as a function of detector temperature and temperature stability.

The Contractor shall corroborate the detector performance assessments, and the proposed designs of focal plane cooling and thermal control systems through comparison to data from similar detector and cooler hardware that has been validated through laboratory testing, thermal vacuum testing or flight. 

The Contractor shall develop a plan to mitigate risk and implement (including prototype manufacturing, testing characterization, and validation) the HES FPA concept design (described in Section 4.2.7).

(11)   Reliability and Lifetime

The Contractor shall perform a preliminary reliability analysis to demonstrate that the conceptual design can meet its required lifetime. 

The Contractor shall identify all single point failure and fault critical elements.  

The Contractor shall describe the fault tolerant/graceful degradation features of the design.

(12)   Verification and Testing

The Contractor shall develop a draft Verification Plan (VP) that includes both Performance Verification and Environmental Verification, in accordance with the IMAR, and that addresses verification of both the prototype model and flight model instruments.  The definition of the prototype model is provided in Appendix A.  

The Contractor shall emphasize the verification approach and Ground Support Equipment (GSE) to be used for calibration, INR, and life testing of mechanisms and other potential life limited items.

(13)   Ground Support Equipment

The Contractor shall identify the GSE for use during instrument development, spacecraft integration and test and at the launch site, including a description of all hardware, software, tooling, handling and logistical components.

(14)   Data Processing

The Contractor shall describe the HES star sense algorithm, the data compression and decompression algorithms, and re-sampling algorithms if used for the CW and OO tasks.  

The Contractor shall present, at or before the FPCCR, expected performance of these algorithms and their rationale for selection.  

The Contractor shall estimate the processing load required to implement the ground-processing portion of these algorithms.

4.2.7   Technology Assessment and Demonstration

The Contractor shall finalize, at or before the FPCCR, the assessment of technology readiness for HES implementation. The minimum acceptable technology readiness criterion is defined as Technology Readiness Level TRL 6 (i.e., system or sub-system prototypes or models have been successfully tested under space conditions, either in space or on the ground) by the Implementation Phase PDR, except as noted below. 

The Contractor shall provide a detailed Technology Readiness Plan to be carried out during the formulation phase to validate all technologies not deemed to be ready for the implementation phase.

The Contractor shall evaluate new technologies currently available and potentially suitable to the Concept Design drawing on current instrument and current instrument development (e.g., Atmospheric Infrared Sounder (AIRS), Cross-track Infrared Sounder (CrIS), Infrared Atmospheric Sounding Interferometer (IASI), Geosynchronous Imaging Fourier Transform Spectrometer (GIFTS)).  (GIFTS Technology Catalog and other industry web sites are posted on the GOES-R industry web site.)

The Contractor shall clearly identify and justify any technology validation that is expected to continue into the implementation phase. 

The Contractor shall address risks associated with delayed validation in the Risk Management Plan.

The Contractor shall demonstrate through breadboards, prototypes, and similar validation techniques that all required technologies can be brought to TRL 6 by the required time.

The Contractor shall provide a draft Technology Readiness Plan for implementation.

The Contractor shall develop and present, at the IER a plan to provide a functional flight-like prototype of the FPA assembly(s) intended for use with the Contractor’s implementation phase instrument (risk mitigation outlined in section 4.3.5), that meets the requirements of the HES PORD and covers the longest wavelength range of the HES.

The Contractor shall prepare and deliver no later than the MTR, a FPA Prototype Test Plan that will be approved by the Government prior to its use.

A TRL Definition Table is provided in  Appendix B. 

4.3   Project Management

The Contractor shall develop a draft Project Management Plan (PMP) for the Implementation Phase of HES development to ensure that there is an appropriate balance of workforce for all work associated with this SOW and, to include projections for the complete development and operation of the HES Instrument.

4.3.1   Project Planning and Control

The Contractor shall provide a draft Work Breakdown Structure (WBS) for implementation by the MTR

The Government will review and establish a Contract WBS for implementation.

The Contractor shall provide cost estimates for implementation, to level four of the WBS, that address both absolute costs (the achievement of a specific performance) and relative costs (the cost delta between required performance and the Contractors proposed design performance). 

The Contractor shall define the cost estimation techniques that will be used during formulation to provide a cost estimate for the Concept Design by PR # 1.   

The Contractor shall perform cost analyses in support of all other trade studies and analyses required during the study period.  

The Contractor shall perform time-phased cost analyses for development and production of four HES flight models, one HES prototype model and engineering units intended for risk mitigation.  

The Contractor shall separately identify costs for unique GSE required for instrument procurement, fabrication, integration and test, calibration, spacecraft-level integration and test, and launch and on-orbit checkout activities, including logistics.

The Contractor shall provide a draft Implementation Phase schedule by the MTR, showing PDR, CDR, completion of the engineering units and the prototype model, and delivery of the four flight models.

The Contractor shall refresh their draft Implementation Phase schedule at the FPCCR.

4.3.2   Supplier and Subcontractor Control

The Contractor shall define and document a Supplier and Sub-Contractor Management System, which shall be part of the PMP.

The Contractor shall recommend a parts procurement strategy that addresses procurement of long-lead items and impact of late delivery on the implementation schedule.

4.3.3   Configuration Management 

The Contractor shall define a Configuration Management System (CMS) for the complete life cycle of the HES development.

 The Contractor shall provide a draft Configuration Management Plan (CMP) that includes all processes and descriptions of procedures to be implemented.

4.3.4  Financial Management

The Contractor shall provide a draft Financial Management Plan (FMP) for implementation that includes a Performance Measurement System with Earned Value, Cost Variance and Schedule Variance reporting to provide cost and schedule management for the entire life cycle of the HES instrument program.  

The Contractor shall correlate the FMP to the Government supplied, Implementation Phase Contract WBS.

4.3.5   Risk Management

The Contractor shall provide and implement a Risk Management Plan (RMP) for the Formulation Phase.  NASA NPG 8000.4 may be used as a guide. 

The Contractor shall provide a draft RMP for the Implementation Phase. 

The Contractor shall identify and assess risks to the development of the HES.

The Contractor shall use Failure Mode Effects Analysis (FMEA), Fault Tree Analysis (FTA), Probabilistic Risk Assessment (PRA), and Failure Mode Effects and Criticality Analysis (FMECA), as appropriate, to analyze and/or identify system and/or component risks

The Contractor shall identify and prioritize the technical and programmatic risks that represent the greatest threat to the program. 

The Contractor shall implement the actions (mitigate, watch or research) necessary to eliminate or reduce the likelihood or consequences of the identified risks and identify alternate implementation paths.  Mitigation of risks associated with the FPA assembly(s) requires full risk mitigation and retirement to TRL 6 prior to the end of the HES formulation phase.   

The Contractor shall identify risks in the Concept Design and address them in the RMP.

The Contractor shall define the engineering units and life test models that will be developed and tested to mitigate the identified risks.

The Contractor shall investigate and incorporate in the RMP, as appropriate, lessons learned from previous instrument development efforts, both from the experience of the Contractor and from other sources such as NASA’s lessons learned information system (http://llis.nasa.gov/). 

The Contractor is encouraged to enter lessons learned during the Formulation Phase into the NASA lessons learned information system.

4.3.6
Contamination Control
The Contractor shall develop a Contamination Control Program to ensure that the HES instrument(s) are not contaminated by molecular and particulate contaminants, both on the ground and on-orbit, to an extent sufficient to cause degradation of performance below the required levels

The Contractor shall provide a draft Contamination Control Plan (CCP) for the Implementation Phase.

 4.4   Mission Assurance

The Contractor shall develop a Mission Assurance Program for the implementation phase in accordance with the IMAR.

The Contractor shall provide a draft Mission Assurance Implementation Plan at the FPCCR that incorporate, in one document or separate documents, a Safety Plan, Reliability Plan, Quality Assurance Plan, Software Assurance Plan, with IV & V in accordance with 4.2.6(9)(TBR), and a Verification Plan in accordance with 4.2.6(12) (TBR).

APPENDIX A

Prototype Model Definition

The prototype model fully reflects the flight model design to the maximum extent possible.  It has full redundancy and is fabricated with full reliability and quality control measures and flight EEE parts.  The prototype model will be environmentally tested to full qualification levels and durations, and will be acceptance tested and fully calibrated in accordance with flight model test procedures.  The prototype model will not be flown.

APPENDIX B
Technology Readiness Levels
TRL 1
Basic principles observed and reported:  Basic scientific principles established.  Initial translation to applied R&D.  Mix of basic and applied research.

TRL 2
Technology concept and/or application formulated:  Identification of potential applications, in advance of experimental proof or detailed analysis.  Mostly applied research.

TRL 3
Analytical and experimental critical function and/or characteristic proof-of-concept:  Laboratory studies to validate analytical predictions.  Scientific feasibility fully demonstrated.

TRL 4
Module and/or subsystem validation in laboratory environment:  Standalone prototype implementations.  Experiments with integration of elements to validate system concepts.

TRL 5
Module and/or subsystem validation in relevant environment:  Significant improvement in fidelity  of testing and integration.  Prototype implementations conform to final environment.  Experiments with realistic data.  Simulated interfaces to existing systems.

TRL 6
System/Subsystem prototype demonstration in a relevant end-to-end environment:  prototype implementations on full scale realistic problems.  Brassboard demonstrations in relevant environment (in space, if necessary).  Engineering feasibility fully demonstrated.

TRL 7
System prototype demonstration in high-fidelity environment (parallel or shadow mode operation):  Operational prototype, near or at the scale of the final system.  Often done less for technology R&D than for system  engineering and management confidence.

TRL 8
Actual system completed and system “mission qualified” through test and demonstration in an operational environment:  All functionality tested in operational scenarios through integration with existing systems.  Verification and validation completed.

TRL 9
Actual system “mission proven” through successful mission operations:  Post implementation confirmation of system performance.  Actual system fully demonstrated.
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