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Exhibit 1


ELECTRICAL SYSTEMS ENGINEERING SERVICES (ESES)

REPRESENTATIVE TASK ORDERS

General Background for All Representative Task Orders (RTO)

The Government requires engineering services in support of a mission called ABC.  The main piece of the ABC mission is a spacecraft that will be developed, integrated, and tested in-house at the GSFC. ABC has a 5-year life requirement and will be in a polar orbit. A wide scope of services is required in these RTOs, spanning many engineering disciplines within the Applied Engineering and Technology Directorate, and over the mission life cycle. 

In each of the RTO, a brief background is given, followed by a task description, along with applicable documents, period of performance, and deliverables.  The Proposer shall identify any assumptions made in responding to the RTOs.

ESES ABC 1

Phase B Technology Risk Mitigation

Background

The Instrument-1 proposal was selected for flight on the ABC mission.  The Instrument-1 proposal was developed by GSFC with substantial support provided by the ESES prime contractor.  The highest risk aspect of the proposal is the new development of an Instrument-1 Processor Box (I1PB) for science telemetry processing and instrument control.  The I1PB utilizes a variation of the common Compact Peripheral Component Interconnect (cPCI) interface with a modified backplane which only accepts 7 cards with a specialized connector block. The connector block is required to withstand extended thermal cycling without interruption and/or open circuit. The I1PB utilizes specialized standard-cell ASICs to accomplish the functions of more traditional Commercial Off-the-Shelf (COTS) Processor boxes.  It also utilizes a specially designed interface chip, implemented as an FPGA, to the new QuickWire standard communications interface. Another high risk aspect is the RF communications system.  The baselined communication system will not handle the increased data rate and an additional downlink frequency is needed.   Due to the new high data rate downlink requirement and multiple locations for the downlink, a millimeter wave communications system utilizing a switching multiple beam antenna at high power will be needed. The backplane interface to the power conversion and distribution cards is a new and unique design and has been identified as a moderate risk.  In addition, one of the low voltages required by the instrument is not specified in the new backplane protocol.

Task Description

The contractor shall evaluate the I1PB for Instrument-1 including such things as: technical, cost, and schedule risk mitigation schemes.  This technology risk mitigation plan shall include evaluations/analyses and mitigations for the following areas:

· Flight Hardware Design

· Processor and Memory

· Instrument Interface

· Spacecraft Interface

· ASIC Development

· Power Conversion

· Power Distribution

· Grounding Scheme

· Flight Software Design

· Instrument Commanding

· Science Data and Telemetry Handling

· Onboard data processing

· Autonomous Safing of the Instrument

· Electronics Parts Control Program

· Selection

· Screening and Qualification

· Derating

· Custom Devices, Advanced Technology Devices

· GIDEP and NASA advisories

· Electrical Power Subsystem

· Power Distribution via proposed unique backplane interface vs.  standard protocol interface

· Radiation Hardness Assurance Program

· Total Integrated Dose

· Single Event Effects

· Displacement Damage Effects

· Electronics Packaging

· Mechanical Design

· Mechanical Analysis

· Thermal Analysis

· Workmanship Standards and Certification of Personnel

· Materials Control

· Compliant and Non-compliant Materials

· Outgassing, Flammability and Traceability

· Electromagnetic Interference/Electromagnetic Compatibility (EMI/EMC)

· Failure Modes and Effects Analysis

· Millimeter Wave  Communications

· Phased array antennas

· Multiple beam antennas

· Modulators

· High power amplifiers

· Low noise amplifiers

· High stability oscillators

· Millimeter wave components

· Receivers/demodulators

The contractor shall complete an I1PB Risk Mitigation Plan.

The contractor shall describe the technical cost and schedule advantages and disadvantages of each trade evaluations and analyses.

The contractor shall prepare an I1PB Backup Plan that could be utilized in the event that this new development falls behind schedule or NASA management determines that the I1PB technology risk is too high.

Applicable Documents (Hypothetical Documents)
ABC-001
“ABC Level 1 Requirements”

ABC-002
“ABC Mission Description”

ABC-016
“ABC Command & Data Handling Specification”

ABC-017
“ABC Command & Data Handling Software Specification”

ABC-018
“Instrument-1 Specification”

ABC-019
“Instrument-1 Instrument Processor Box Specification”

ABC-040
“ABC Communication Subsystem Specification”

ABC-050
“ABC Power Subsystem Specification”

Period of Performance

Eight (8) weeks.

Deliverables

I1PB Technology Risk Mitigation Plan 

Eight (8) weeks after ATP

I1PB Backup Plan




Eight (8) weeks after ATP

I1PB Trade Evaluations/Analyses


Eight (8) weeks after ATP

Assumptions

Hardware:  N/A

Travel:  non-local travel (none)

On-site/Off-site:  Off-site (contractor's facility)

Task Start Date:  Task is issued in the 3rd month of contract year 1.

ESES ABC 2

Late Changes to Requirements

Background

Three months into the mission formulation study for the ABC spacecraft, the project scientist proposes significant requirements changes.  Instead of the original requirement for full limb viewing, he introduces the need for offset pointing to capture targets of opportunity at various locations around the Earth limb. The spacecraft must be able to point to commanded locations around the limb within 10 minutes.  The instrument must add a high-resolution capability to zoom in on localized segments of the limb.  The project scientist has also negotiated with the project to dramatically reduce the data latency requirement for delivery of level 1 data products to the user from one day to no more than three hours. This requires the minimum processing capability (MIPs) of the processor to increase by 50% and the use of memory stacks to meet the on board memory requirements on the existing circuit card size.  

As a result of the requirements change, the Instrument-1 Focal Plane Electronics (FPE) must be modified to accommodate the zoom feature.  Due to the reduction in photons received at the detector during zooming operations, the required sensitivity of the FPE have been increased while the noise margins have decreased. The combination of high-resolution capability and a reduced data latency points to a need for an increased data bandwidth on the communications link. The requirements change has increased the estimated power for the instrument, GN&C, C&DH, and Communication subsystems.  The overall power budget increase has now exceeded the current allocation and design.  The power system cannot maintain energy balance in every orbit with the current solar array size.  With the new power budget, the battery depth of discharge (DOD) has increased from 25% to 40%, and a decision has been made to go from a single NiH2 battery to two batteries.

Task Description

The contractor shall identify the impacts of these proposed changes to the mission design and cost. This shall include thermal and mechanical analyses of the impact due to processor and memory part changes. The contractor shall determine the impacts to the EPS system and re-design the solar array, battery and electronics box as necessary.  The contractor shall research new technologies in solar cells and batteries to remain within allocated mass and volume constraints.  The contractor shall perform analysis to show that there is energy balance in every orbit with the new solar array, battery, and electronics design. The contractor shall verify the 2-battery decision by performing a trade study between a 1-battery system vs. a 2-battery system. The contractor shall make recommendations in the form of Configuration Change Requests (CCRs) to be presented to the Configuration Change Board (CCB).  After review by the CCB the contractor shall implement all approved documentation changes and respond to all actions from the CCB.

Applicable Documents (Hypothetical Documents)
ABC-001
“ABC Level 1 Requirements”

ABC-002
“ABC Mission Description”

ABC-003
“ABC Science Instrument Specification”

ABC-004
“ABC Electrical System Specification”
ABC-007
“ABC Data Management Plan”

ABC-018
“Instrument-1 Specification”

ABC-021
“Instrument-1 Interface Control Document”

ABC-040
“ABC Communication Subsystem Specification”

ABC-050
“ABC Power Subsystem Specification”

Period of Performance

Eight (8) weeks after ATP

Deliverables

Impact Analyses/Trade Reports

Five (5) weeks after ATP

Configuration Change Requests

Six (6) weeks after ATP 

Response to CCB action items

Two (2) weeks after CCB meeting

Assumptions

Hardware:  N/A

Travel:  non-local travel (none)

On-site/Off-site:  On-site (Government's facility)

Task Start Date:  Task is issued in the 11th month of contract year 1.

ESES ABC 3

Part Unavailability

Background

Another element of the Instrument-1 (that was assumed to be only moderate risk) was the development of the FPE (Focal Plane Electronics) that was supposed to be a “build to print” of an existing design.  This design was part of the UVW instrument that had successfully flown on the prior XYZ mission.  Shortly after PDR it was learned that the manufacturer for a key mixed-signal ASIC in the FPE is no longer producing these ASIC due to the sole supplier going out of business. In addition to the ASIC, there have been several GIDEP alerts issued concerning generic problems with several part types used in the previous design.  There are only two spare ASICs from the previous mission, and the current Instrument-1 FPE requires a total of 8 ASICs.  Although the ASIC was designed 5 years ago, all of the design documentation and files are available from the previous project’s archives. In addition, a new manufacturer is offering the same ASIC functionality in a Commercial Off the Shelf device in CBGA (Ceramic Ball Grid Array ) Package. 

Task Description

The contractor shall develop a recovery plan that describes the best option for solving this problem and completing the FPE development. This plan shall include the details of all additional work that must be completed, along with the schedule and cost impacts to the Instrument-1 development and the overall ABC-1 mission.  This plan shall include proposed changes to the instrument and mission development plans to alleviate the cost and schedule impacts.

The contractor shall develop, design, and deliver the required Instrument-1 FPE mixed-signal ASIC.

Applicable Documents (Hypothetical Documents)
ABC-001
“ABC Level 1 Requirements”

ABC-002
“ABC Mission Description”

ABC-003
“ABC Science Instrument Specification”

ABC-004
“ABC Electrical System Specification”

ABC-018
“Instrument-1 Specification”

ABC-020
“Instrument-1 Focal Plane Electronics (FPE) Specification”

ABC-021
“Instrument-1 Interface Control Document”

XYZ-001 
“XYZ Mission Requirements”

UVW-001 
“UVW Instrument Specification”

UVW-002 
“UVW Instrument Focal Plane Electronics (FPE) Specification”

Period of Performance

Fifteen (15) months

Deliverables

Instrument-1 FPE Recovery Plan


Two (2) months after ATP

16 Non-flight Instrument-1 FPE ASICs

Twelve (12) months after ATP

16 Flight Qualified Instrument-1 FPE ASICs

Fifteen (15) months after ATP

Assumptions

Hardware:  The total recurring and non-recurring costs for the replacement ASICs and alternative hardware is $500K.

Travel:  non-local travel (none)

On-site/Off-site:  On-site; Hardware fabrication is performed off-site.

Task Start Date:  Task is issued in the 11th month of contract year 2.

ESES ABC 4 

New instrument added after CDR

Background

CDR was successfully completed for the ABC mission 15 months after the PDR, and the project is five months into the implementation phase.  The instrument and satellite designs are complete and orders have gone out to begin hardware fabrication.  

NASA Headquarters has mandated to the project team a new requirement to fly an additional instrument (Instrument-4) on the ABC mission.  Instrument-4 is a nadir looking, visible light imager.  There is adequate launch vehicle capacity to handle the additional mass. The power allocation for the new instrument is 85 Watts.  This addition to the spacecraft leaves 1% margin in the overall power budget.  The added instrument also has a new requirement for a high voltage, programmable converter.

To accommodate Instrument-4, a new electronics interface card with associated software must be designed, assembled, and integrated into the ABC Spacecraft Command and Data Handling (C&DH) subsystem. The new instrument will require additional data bandwidth to the ground, and therefore a new antenna.  The Instrument-4 Interface Card (I4IC) must provide command, telemetry and secondary power conversion interfaces.  

Task Description

The contractor shall determine the impact of the new instrument on the ABC mission subsystems, and the design/assembly/integration of the I4IC.

The contractor shall perform the following in support accommodating Instrument-4:

· Requirements Definition

· Flight Systems

· Ground Systems

· Flight Hardware Design

· Architecture Definition

· Detailed Electronic Design

· Field Programmable Gate Array (FPGA) and/or Application Specific Integrated Circuit (ASIC) Design

· Parts Placement

· Signal Routing

· Power Distribution and Grounding Scheme

· Electronics Parts Qualification and Screening, Long Lead Items

· Electrical Power Subsystem 

· Solar Array, Battery, Electronic Box Design

· EPS GSE Design

· Communications Systems Design  

· Architecture study

· Communications Systems Design

· Communication Systems component design

· Communications System integration and testing

· Antenna design

· RF Modulator design

· Solid state power amplifier design

· Radiation Testing

· Electronics Packaging

· Mechanical Design

· Mechanical Analysis

· Thermal Analysis

· Ground Systems Design

· Architecture Definition

· Detailed Electronic Design

· Field Programmable Gate Array (FPGA) and/or Application Specific Integrated Circuit (ASIC) Design

· Parts Placement

· Signal Routing

· Power Distribution and Grounding Scheme

· Flight and Ground Systems Electronics Fabrication

· Flight and Ground Systems Electronics Assembly

· I4IC Integration and Test

· Support of C&DH Environmental Test

· Thermal/Vacuum

· Vibration

· Electromagnetic Interference/Electromagnetic Compatibility (EMI/EMC)

· Instrument Calibration and Alignment

· Operational Concept

· Launch and Post Launch Support Plan

· Disposal Plan

· Mission Assurance and Systems Safety Plan

· Contamination Control Management, Analysis, and Verification

Applicable Documents (Hypothetical Documents)
ABC-001 
“ABC Mission Requirements”

ABC-002
“ABC Mission Description”

ABC-003
“ABC Science Instrument Specification”

ABC-004
“ABC Electrical System Specification”

ABC-013
“ABC Flight Software Specification”

ABC-015
“Instrument-4 Accommodation Study”

ABC-016
“ABC Command & Data Handling Specification”

ABC-017
“ABC Command & Data Handling Software Specification”

ABC-021
“Instrument-1 Interface Control Document”

ABC-022
“Instrument-2 Interface Control Document”

ABC-023
“Instrument-3 Interface Control Document”

ABC-030
“ABC Spacecraft Ground RF Interface Control Document”

ABC-040
“ABC Communication Subsystem Specification”

ABC-050
“ABC Power Subsystem Specification”

XTRA-001 
“Instrument-4 Specification”

Period of Performance

One (1) year

Deliverables

ABC Spacecraft CCRs


Six (6) weeks after ATP

I4IC Requirements Document

Four (4) weeks after ATP

I4IC As Designed Parts List


Sixteen (16) weeks after ATP

I4IC Detailed Design Complete

Sixteen (16) weeks after ATP

I4IC Delta-CDR Presentation


Twenty (20) weeks after ATP

I4IC Flight Hardware



Forty-two (42) weeks after ATP

ABC Flight Hardware
Specification

Forty-two (42) weeks after ATP



(Revised)

I4IC Integration and Test Plan

Forty-two (42) weeks after ATP

ABC Integration and Test Plan (Revised)
Forty-two (42) weeks after ATP

I4IC As Built Parts List


Fifty-two (52) weeks after ATP

I4IC Environmental Test Report

Fifty-two (52) weeks after ATP

ABC Environmental Test Report

Fifty-two (52) weeks after ATP

Assumptions

Hardware:  The total hardware cost (i.e. raw material, EEE parts, PWBs, consumables, and any other hardware related costs) of the I4IC is $750K.  Note:  Non-recurring engineering, technician, or manufacturing hours to design, assemble, and test the I4IC are not included in the hardware cost.

Travel:  non-local travel (none)

On-site/Off-site:  On-site; Hardware fabrication is performed off-site.

Task Start Date:  Task is issued in the 8th month of contract year 4. 

ACRONYM  LIST

ASIC
Application Specific Integrated Circuit

ATP
Authorization to Proceed

C&DH
Command & Data Handling

CBGA
Ceramic Ball Grid Array

CCB
Configuration Change Board

CCR
Configuration Change Request

CDR
Critical Design Review

COTS
Commercial Off-the-Shelf

cPCI
Compact Peripheral Component Interconnect

DOD
Depth-of-Discharge

EMI/EMC
Electromagnetic Interference/Electromagnetic Compatibility

EPS
Electrical Power System

ESES
ELECTRICAL SYSTEMS ENGINEERING SERVICES

FPE
Focal Plane Electronics

FPGA
Field Programmable Gate Array

GIDEP
Government Industry Data Exchange Program

GN&C
Guidance, Navigation and Control

GSE
Ground Support Equipment

I1PB
Instrument-1 Processor Box

I4IC
Instrument-4 Interface Card

MIP
Minimum Processing Capability

NiH2
Nickel-Hydrogen

PDR
Preliminary Design Review

RF
Radio Frequency

RTO
Representative Task Orders 

