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1.0
Introduction

1.1

Scope

This document establishes top-level performance requirements for the DOD Space Test Program Satellite Mission 1 (STPSat-1).  STPSat-1 is the name given to the spacecraft that hosts the Spatial Heterodyne Imager for Atmospheric Radicals (SHIMMER) payload and the following secondary payloads:  Wafer Scale Signal Processing (WSSP), Computerized Ionospheric Tomography Receiver in Space (CITRIS), MEMS-based PICOSAT Inspector (MEPSI).  This document includes requirements for the spacecraft (SC) design and fabrication, payload integration, space vehicle (SV) testing, launch vehicle (LV) integration, launch site testing, ascent and early orbit operations support (SV checkout and initialization), and one year mission operations support for the space vehicle.  All requirements herein are mandatory requirements.  

This document includes Appendix A, the Mission Requirements Document (MRD), which contains the payload-driven requirements for the mission. 

1.2

Terminology

SC refers to the spacecraft bus with no payloads. The term “payloads” refers to all the GFE instruments and provided antennas and booms.  The SV is the SC with all payloads.  The mission is managed by the Space Test Program (STP).  The STPSat-1 Principal Investigators (PIs) are the payload representatives from the organizations developing the experiments.  The PIs will include representatives from the Air Force Research Laboratory (AFRL) for MEPSI and WSSP, and the Naval Research Laboratory (NRL) for SHIMMER and CITRIS.  

1.3

Applicable Documents 

SIS-000502C
Standardized Interface Specification Between Air Force Satellite Control

23 Nov 99
Network (AFSCN) Network Operations Range Segment and SV

SMC H800 Series
SMC Engineering Practices Handbook, 10 January 1996

DOD-HDBK-343
Design, Construction, and Testing Requirements for One of a Kind Space

(USAF)

Equipment, 1 February 1986

MIL-HDBK-340A
Application Guidelines for MIL-STD1540; Test Requirements for Launch,

(USAF)

Upper-stage, and Space Vehicles, 1 April 1996

MIL-STD 1540D
Product Verification Requirements for Launch, Upper-stage, and Space

15 January 1999
Vehicles
FED-STD-209E
Airborne Particulate Cleanliness Classes In Cleanrooms and Clean Zones
11 Sep 92

EWR 127-1

Range Safety Requirements

31 October 1999

AFSPCI10-1204
Satellite Operations

1 Sep 98

SMC/TE Memo
Satellite End-of-Life Planning

 6 Apr 99

MIL-STD-1809
Space Environment for USAF Space Vehicles
15 Feb 91

MIL-STD-461E
Requirements For The Control Of Electromagnetic Interference 

20 Aug 99

Characteristics of Subsystems And Equipment

ASTM-E-595
Total Mass Loss and Collected Volatile Condensable Material From Outgassing in A Vacuum Environment

NSTISSAM 
Compromising Emanations Laboratory Test Requirements, 

TEMPEST/1-92 
Electromagnetics

2.0
System Definition

2.1

Mission Description

The SC shall fully support the STPSat-1 payload suite by meeting the payload requirements defined in this TRD and its appendix, the MRD.  The SV shall be designed for a mission life of 1 year after checkout and initialization. The SV shall be directly injected into an orbit of 560 km +/- 10 km at a 35.4( inclination.

2.2

Interface Design
2.2.1
SV-LV Interface

The SV shall launch as a secondary payload on the Evolved Expendable Launch Vehicle (EELV) Boeing Delta IV-Medium (with 4m fairing) using the EELV Secondary Payload Adapter (ESPA).  The SV shall be compatible with the ESPA (using a vertical interface plate), the LV and its mission to place the SV in the required orbit.  The contractor shall be responsible for providing inputs to the LV-to-SV Interface Control Document (ICD) to include all electrical and mechanical interface requirements and environmental conditions.  The contractor shall provide a finite element model for inclusion in the LV contractor’s coupled loads analysis.  The contractor shall attend quarterly interface design meetings at the LV contractor facility, the launch site, or STP. 

The contractor shall assure compatibility of the SV with all GFE facilities at the launch site and integration site.  Contractor GSE shall be compatible with the SV mated to the ESPA Ring.

2.2.2
SC-Experiments Interface

The contractor shall satisfy the mission and payload requirements defined in the TRD and its appendix, the MRD.  The contractor shall prepare a payload to spacecraft ICD, conduct periodic interface meetings, and monitor the SC-to-Payloads interface status through SV acceptance to ensure that the payload requirements are met; that prior to delivery, the payloads comply with the ICD; and that they are compatible with the spacecraft. Status information shall be readily available to STP.  If any payload element fails to meet payload design specifications defined in ICDs, the non-compliance shall be reported to STP within three days of problem identification.  If any payload element fails to meet schedule or agreed-to program interface milestones, the contractor shall notify STP immediately.

2.2.3
Satellite Operations Center (SOC) Interface

The spacecraft Telemetry, Tracking, and Command (TT&C) subsystem shall be compatible with the Research, Development, Test, and Evaluation (RDT&E) Support Complex (RSC) at Kirtland Air Force Base and the Air Force Satellite Control Network (AFSCN) according to AFSCN Standardized Interface Specification 000502 (SIS-502).  The contractor shall provide command and telemetry specifications, data formats, conversions, and calibrations; SV operations information; launch support and readiness information; training; and required training materials.  The contractor shall provide AFSCN network requirements to the RSC.  The contractor shall support the development of, review, and sign the SV-to-Ground Interface Control Document (GICD) which defines all interfaces to the RSC.

3.0
Requirements

3.1

Performance and Mission Requirements

The SV and Ground Support Equipment (GSE) shall satisfy mission objectives and requirements as stated in the MRD, Appendix A.  

3.2

Design and Construction

All hardware, software, and GSE shall be designed to meet applicable operational, reliability, environmental, and safety and health requirements.  The spacecraft design shall be as simple as possible with a minimum of non-recurring engineering.  The contractor shall define adequate safety margins to be incorporated into the design.  The contractor shall perform analyses and tests to demonstrate the adequacy of the design.  The contractor shall provide documentation of the design and analyses of the SV and provide insight to STP.  The contractor shall conduct design reviews which include the SV systems to present the design, analyses and tests results to the government for review and concurrence on the adequacy of the contractor provided hardware, software, and support efforts to meet all contract requirements.  As a guide, PDR shall occur approximately when 30% of the design and definition is complete and CDR shall occur approximately at the point 90% of the design drawings are released.

3.2.1
Structure and Mechanisms

The SV shall be designed and verified to withstand the static and dynamic stresses, strains, shocks, vibrations, and temperature, pressure, and vibro-acoustic environments associated with assembly, integration, test, shipping, handling, storage, launch, and on orbit operations.  The SV shall fit within a 60.9 cm x 60.9 cm x 96.5cm static envelope.  The SV shall be capable of surviving and subsequently operating as specified after all environmental exposures.

Appendix A describes the payload covers, antennas, and booms that will be provided as GFE by the experimenters.  For all payload instruments and booms that require deployment, the spacecraft contractor shall provide the deployment mechanism(s) including, but not limited to, hinges, release mechanisms, and deployment verification. 

3.2.2
Mass Properties

The SV mass properties shall be as follows: mass ( 170 kg; c.g. ( 48 cm from bolted interface; 1.27cm diameter excursion about SV centerline.  The contractor shall define and implement a vehicle systems design and engineering approach that identifies and carries appropriate contingencies and margins during the STPSat-1 program.  

3.2.3
Reliability

The contractor shall design a spacecraft to optimize the probability that it will successfully separate from the LV and complete a one-year mission.  The contractor shall calculate, through analysis and comparative examples, the probability for success that the spacecraft bus will operate successfully for one year.  The probability of success calculation shall include the methodology used.  Beginning with the contractor’s proposal, the probability of success presented should satisfy the Government that bus reliability risk is realistic and acceptable.  Over the life of the program, iterative reliability predictions shall be expected to reflect systems engineering decisions and tradeoffs that improve bus reliability and/or mitigate possible failures. A one-year mission is defined as 365 days from completion of on-orbit system checkout.  The spacecraft design shall not preclude operations beyond the first year at normally degrading power levels, and functional capabilities consistent with the reliability of the one-year design.

The reliability program shall address all mission hardware.  The contractor shall provide an analysis that predicts overall system reliability and addresses reliability allocations and assessments.  The contractor shall emphasize simple, proven designs; appropriate testing; backup and alternative processes, design decisions and tradeoffs; and mitigation of single point failure modes.  When appropriate and cost effective, redundancy may be the selected approach.  However, approaches to operating at degraded levels or in alternate modes shall be considered and included in the overall reliability program.  The reliability program and reliability assessments shall be reported at all design reviews.

3.2.4 Environmental Conditions

All SV and all mission hardware shall withstand all appropriate mission environments (e.g., contamination, electromagnetic interference (EMI), shock, pressurization, vibro-acoustic, thermal) to be encountered from fabrication and assembly through integration, test, transport, ground operations, storage, launch and on-orbit operations. Launch loads for design and verification shall be those of the Evolved Expendable Launch Vehicle (EELV), Boeing Delta IV-Medium (with 4 meter fairing) using the EELV Secondary Payload Adapter (ESPA) and are defined in sections 3.2.4.1 and 3.2.4.2.  All other environments are as specified in the Delta IV Payload Planners Guide.

3.2.4.1 Design Load Factors

Current design load factors are 10.6 g’s axial and 10.6 g’s lateral for ESPA payloads.  These loads should be applied at the c.g. of the SV.  Figure 1 defines the LV load direction.

Figure 1 

LV Loads Direction

3.2.4.2 SV Frequency Requirements

The SV including the separation system shall be designed with a minimum first fundamental frequency of 35 Hz in both the LV axial and lateral directions.

3.2.5
Electromagnetic Compatibility

The mission shall meet the electromagnetic compatibility requirements as defined in Appendix A, final versions of the payload ICDs, and the requirements of the LV.  SC and contractor GSE generated EMI shall not degrade the payloads’ capability to operate and meet mission objectives, nor shall it degrade the other MLV-05 SVs’ capability to operate and meet mission objectives.  The contractor shall conduct a test program to demonstrate SV EMI/EMC in accordance with the requirements defined in Appendix A.

3.2.6
Contamination Control

Up until integration of any payload, the contractor shall provide an appropriate level of cleanliness for the spacecraft and all applicable components. Out-gassing near optical sensors and surfaces shall be minimized. Upon integration of payload instruments and up until launch, the contractor shall control the SV and its payloads to at least a cleanliness environment of class 100,000 level, as defined in FED-STD-209E, and shall implement a contamination control program to minimize the risk of contamination of the payloads.  The SHIMMER optical instrument shall be handled according to Section 6.4 of Appendix A.
3.2.7 Telemetry, Tracking, and Commanding (TT&C) Subsystem

3.2.7.1 
Frequency Allocation

The contractor shall assist STP in obtaining frequency allocation(s) as needed for the space vehicle.  The contractor shall provide information and respond to requests for assistance in completing and submitting Form DD1494, Application for Equipment Frequency Allocation, on an as needed basis.
3.2.7.2

Commanding

The contractor shall provide a SGLS 2 kbps command uplink (receipt) capability for the space vehicle.  This uplink capability shall be compatible with the AFSCN and the RSC in accordance with SIS-000502C.  (Note: The CCSDS command protocol is not compatible with the AFSCN and RSC).
3.2.7.3

Tracking and Ephemeris

The spacecraft shall have main carrier PRN ranging capabilities compatible with the AFSCN as specified in SIS-000502C.  This capability shall be used in sufficient amounts to ensure an adequate ephemeris is maintained for satellite command and control and for payload operations planning and post-flight orbit determination in accordance with Appendix A.
3.2.7.4

Telemetry

The spacecraft TT&C subsystem shall provide a SGLS space vehicle data downlink capability compatible with the AFSCN in accordance with SIS-000502C.  The system shall have the capability to perform PRN ranging although it can be switched off to allow downlink of data.  Vehicle State of Health (SOH) data shall be downlinked at all times when the SV is transmitting telemetry data.  This SOH data stream shall include all necessary SV status and engineering data to fully determine the current condition of the vehicle in real time.  The telemetry streams shall be fixed length frames not exceeding 1024 bytes.

3.2.7.5

Contact Availability

The AFSCN will provide at least 35 minutes of contact time per day for SV downlink.  Additional contact time, as needed, may be provided for contact overhead, commanding, SOH evaluation, and PRN ranging purposes, but the payload data recovery requirements of Appendix A must be fulfilled within the 35 minutes per day of minimum contact time.  Payload data streams shall have the MRD-required spacecraft data incorporated into them.
3.2.7.6

Link Margin and Data Quality Requirements
Link performance shall be equal to or greater than that required for a 10-6 bit error rate (BER) for uplink and downlink and for all applicable AFSCN configurations and conditions.  The actual maximum bit error rate for payload data shall be 10-5 and payload data transfer shall meet the other data quality requirements specified in Appendix A.  The number of missing bits in a data file shall be less than or equal to 105 bits.  This is equivalent to missing 0.1 second of a 106 bps download.  The download data may be subject to data dropouts of up to 5 seconds.
3.2.7.7

Encryption Requirements
The command uplink and data telemetry downlink shall be encrypted per National Security Agency (NSA) guidelines.  The uplink shall utilize the CARDHOLDER algorithm.  All SV downlinks shall utilize the PEGASUS algorithm.  GFE encryption/decryption equipment will be made available to be integrated with the contractor's command and control GSE.  Appropriate keying material shall be integrated with the contractor's command and control GSE and flight hardware.  All COMSEC interfaces shall be certified within the requirements of the effective edition of NSTISSAM TEMPEST/1-92, Level I, or other approved document(s).

3.2.8
Command and Data Handling (C&DH)

3.2.8.1

Spacecraft Command Requirements

The contractor shall provide spacecraft command and data handling capabilities.  This subsystem shall be responsible for command decryption, verification, execution and storage.  Real time commands shall be immediately executed or directed to the appropriate interface.  Stored commands shall be placed in command storage and executed at the designated time.  Executed commands shall be reported in the telemetry stream.  If an error is detected in a command data file, the spacecraft shall keep the data and pass it without comment to the ground.

3.2.8.2

Spacecraft Data Compression and Storage Requirements

The spacecraft shall contain sufficient on-board memory to store payload data per Appendix A, spacecraft attitude data, and other space vehicle data necessary for determining the health, status, and operations of the system.  SV on-board storage requirements shall include a 100% margin.

3.2.8.3

Payload Data Latency

The spacecraft shall transmit all payload data to the ground in the time limits identified in Appendix A, to meet the data latency requirements of Appendix A.  This time is measured from the time of its receipt to the time of its transmission by the spacecraft.  This data shall include the required spacecraft health and status, timing, attitude, and ephemeris data as specified in Appendix A. 
3.2.8.4

Payload Data Quality and Retransmission Requirements

A bit error rate of 10-5 shall be the average computed over the life of the mission.  Error amplification shall not exceed 8192 bits to 1.  The spacecraft shall support the capability to retransmit data (on request) to the ground.  Minimum retransmission data size shall be less than or equal to one frame.  The maximum age of spacecraft and experiment data to be retransmitted shall be less than or equal to 24 hours.  The spacecraft shall be capable of buffering up to 24 hours of data.

3.2.9
Electrical Power Subsystem (EPS)

The contractor shall provide electrical power for the payloads during the first year of payload operation in accordance with Appendix A.  The contractor shall support a maximum instrument power consumption load consistent with the Appendix A.  The contractor shall design for automatic dropout (shedding) of payload and bus nonessential loads under low voltage and over-current conditions.

3.2.10
Thermal Control Subsystem (TCS)

The TCS shall maintain and control the temperatures of the experiment structures, components, and payload packages as specified in Appendix A and the final version of the ICDs during ground handling, shipping, testing, launch, and all on-orbit mission phases.

3.2.11
Attitude Determination and Control Subsystem (ADCS)

3.2.11.1
Attitude Control Requirements 

The contractor shall provide SV attitude control to meet the requirements of Appendix A and other basic operations, orientation, and acquisition needs for the mission.  

The SV shall be capable of autonomously acquiring a safe mission attitude upon separation from the launch vehicle.  If the SV becomes disoriented or loses normal mission attitude at any time in the mission, it shall either autonomously acquire and hold a safe attitude and SV condition until it can be ground commanded to return to the normal mission attitude, or it shall autonomously reacquire the normal mission attitude without damage to the vehicle.

3.2.11.2
Attitude Determination and Attitude Data Requirements

The spacecraft shall determine the SV attitude to an accuracy sufficient for spacecraft safe and successful operation and sufficient to support the attitude requirements of the payload, per Appendix A.  The ADCS shall collect raw attitude data and include it in the real time SOH and recorded payload telemetry sent to the ground.

3.2.12
Propulsion Subsystem

A propulsion subsystem is not required for orbit maintenance.  If the contractor proposes a design using a propulsion subsystem for attitude control or other payload accommodation purpose, there shall be no direct thruster plume impingement on payload elements.  The contractor shall show how a propulsion system will minimize contamination of the payload elements.  The contractor shall coordinate with and obtain STP approval of thruster locations and orientations to minimize contamination of payload elements by the propulsion subsystem.

3.2.13
Space Vehicle Separation and Mechanisms

The spacecraft design shall include a separation system.  The mass and volume of the separation system shall be accounted for in the allowable SV envelope and mass as stated in sections 3.2.1 and 3.2.2.  The separation system shall provide for both electrical and mechanical interface separations and separation verification, and shall be compatible with the LV and ESPA.  The separation system shall be capable of providing a safe separation from the LV, and shall ensure a minimal probability of re-contact. Debris resulting from all separations shall be contained.

3.2.14 Payload Interface and Spacecraft Simulator

The spacecraft contractor shall fit check all instrument mountings, develop and validate payload flight harnesses, and facilitate functional testing of the payload both before and after integration to the SC.

The contractor shall develop and deliver a spacecraft simulator that emulates the spacecraft interfaces and can determine the validity of responses.  The simulator shall be sufficient to verify data, command, and telemetry interfaces, and compatibility of the GFE instruments with the spacecraft.  The simulator shall be delivered six months prior to the integration of the first experiment.  The experimenters will provide for the monitoring of their integration and testing by the contractor to assure functional and mechanical compliance and the education of the contractor on the operation and care of the GFE instruments.

3.2.15
Ground Support Equipment (GSE)
The contractor shall provide sufficient GSE to perform the functions required to: inspect, test, operate, evaluate, calibrate, measure, assemble, disassemble, handle, transport, safeguard, store, service, repair, and maintain the SV during all phases of ground operations at the contractor’s facilities, test sites, and launch site.  If appropriate, the contractor shall also identify support equipment to be provided by the PIs to support the instruments.

3.2.16
Software and Databases

On-board flight software/firmware shall be fully tested and configurations controlled before integration into the SC, and configuration-controlled versions of flight software shall be used during SV compatibility testing. Command and telemetry databases shall be configuration controlled.  Deficiencies found in ground testing shall be corrected before space vehicle launch base compatibility testing. Deficiencies found during initialization and checkout shall be corrected before first year operations begin.  The contractor shall produce software design documentation in accordance with accepted industry standards that are acceptable to STP. Software processor loading analysis shall be performed and should not exceed 50% at the time of proposal submittal.  The SC/SV shall have software upload capability consistent with a flexible and low-risk on-orbit operations approach.

3.2.17
SV End of Life Plan

The contractor will develop a SV End of Life plan and procedures to meet the intent of STP End of Life Policy as contained in SMC/TE Memorandum  "Satellite End-of-Life Planning" dated 6 April 1999.  To the greatest extent possible, the satellite end of life plan should address the depletion of consumables, disabling of battery charging systems, establishing a neutral thermal flight mode, and disabling of transmitters. De-orbit capability is not required.

3.2.18
Facilities

The contractor shall provide all facilities necessary for the design, manufacture, assembly, integration, and test of the SC and SV.  The contractor shall accommodate the PIs and their payload-related GSE during integration and test of the instruments and during SV testing.  The contractor shall accommodate STP representatives and payload PIs in witnessing and/or monitoring SC or SV testing.
4.0
Testing and Verification

4.1

General Test Program Requirements

The Contractor is responsible for planning and executing the verification effort.  The verification program shall use the appropriate inspection, demonstration, test, and analysis techniques to verify all requirements.  In accordance with the SMC Engineering Practices Handbook, 10 January 1996, the contractor shall plan and execute a tailored test program. Tailoring shall be in accordance with the guidance in MIL-HDBK-340A and DOD-HDBK-343 for a Class C spacecraft and the STPSat-1 mission requirements.

4.2

Payload Testing Oversight
STP will provide information on the launch environment to the SC contractor.  Based on this information and the spacecraft design, the contractor shall provide the appropriate environmental test levels to STP and the payload PIs.  The contractor shall review instrument acceptance test procedures to ensure environmental levels are correctly interpreted and applied, and that all applicable testing is performed to ensure experiment survival and operation.  The contractor shall review the instrument acceptance testing results and identify any omissions, non-compliance with requirements, or unresolved acceptance issues to STP.
4.3

Test Planning

In accordance with the above guidance, the contractor shall define a test program and plans for integration, testing, and handling of the SV during all phases of the contract.  Readiness for payload integration shall be demonstrated via adequate successful spacecraft testing of components, spacecraft subsystems, ground support equipment, software, and space vehicle integrated functions prior to the start of the that phase.  The system I&T plans shall include a definition of any needed Government facility resources, a schedule to support program office verification activities (program office personnel will be present), test entrance criteria, test exit criteria, and detailed plans and procedures for all I&T activities.  For all major tests, the contractor shall deliver the final test procedure(s) for review by STP and the experiment PIs at least two weeks prior to the test.  The contractor shall allow STP personnel and the experiment PIs to observe testing at the factory.

4.4

Space Vehicle Qualification and Acceptance

The contractor shall perform space vehicle testing using the protoqualification strategy of section 8.3 of MIL-HDBK 340A, Vol. I.  Pressure and leakage tests are not required unless the vehicle contains a propulsion system or other pressurized subsystems or components.  EMI/EMC testing shall be performed in accordance with the requirements in Appendix A.  SV thermal vacuum testing shall include a minimum of eight (8) cycles with full functional tests conducted at the high and low extremes of the first and last cycles.  The last three cycles shall be anomaly free.  Simulated operations representative of the mission activities and scenarios, including typical commanding, tracking, and telemetry contacts, shall be conducted during the thermal vacuum testing.  Simulated operations shall include testing of all orbital phases when the SV is on. Test reports for all major test events (as defined in the System Test Plan) shall be provided.

4.5

Space Vehicle RF and Ground Segment Compatibility Testing

The contractor shall perform planning for, support, and participate in the conduct of SGLS TT&C spacecraft factory and launch base compatibility testing to demonstrate the compatibility of the spacecraft with the AFSCN and RSC.  These contractor-supported tests shall include “end-to-end” communications tests.  These tests shall exercise typical data flow including commanding, payload data collection, spacecraft processing, and data downlink operations. Government deployable equipment will be made available to support these tests.  Planning and support shall include devising test objectives and requirements, developing procedures, reviewing pass plans and procedures, resolving SV anomalies and discrepancies, and recording the results of the tests.
4.6

Spacecraft Development and Component Qualification

The contractor shall conduct SC/SV structural and thermal testing to validate models used for design and analysis, and to justify the flight qualification status of the vehicle.  Using section 8.3.2 of MIL-HDBK 340A, Vol. I, static load and separation tests of the type shown in Table IX are required. Experiment mass models and models of all deployable structures are to be used, as applicable.  The PIs shall provide these as required.  The contractor shall report measured loads and environmental test levels for the payload elements to STP within 30 days of their determination.  Tests of mechanisms shall verify non-interference, proper lubrication, and adequate torque margins.  Moving Mechanical Assemblies (MMA) shall be successfully protoqualification tested. Mechanisms shall be designed for testing in 1G, where practical.  Motor driven covers shall be tested under thermal and, where possible, vacuum conditions. Environments for subsystem testing shall include or envelop all possible anticipated shipping, handling, launch, and flight conditions.  Other subsystem protoqualification testing shall be proposed by the contractor and included in the STPSat-1 System Test Plan upon approval by STP.

Where identical spacecraft units and components have been previously qualified to at least flight qualification requirements and successfully flown, they may be accepted for space flight upon delivery to and acceptance by the government (STP) of the documentation of their qualification status. MIL-HDBK-340A, Vol. II, Section 4.4 shall be used to determine unit qualification status and to determine criteria for qualification by similarity.  In the case of qualification by similarity, flight units shall be subject to acceptance testing per section 7.4 of MIL-HDBK 340A, Vol. I.  Units without previous higher qualification or successful flight demonstration shall be subject to protoqualification per section 8.3.3 of MIL-HDBK 340A, Vol. I.  Unit EMC testing, where required, shall be conducted to satisfy the requirements contained in Appendix A.  Leakage, Climatic, Proof Pressure, and Burst testing is not required unless the SC contains a propulsion system or other pressurized systems or devices.  Life test qualification of components may be demonstrated by a combination of analysis, test, and previous qualification history as approved by STP.  Acceleration qualification of antennas and deployables may also be demonstrated by an approved combination of analysis, test, and previous flight history.

4.7

Readiness for Payload Integration

The spacecraft shall be subjected to and successfully pass thorough functional testing prior to integration of the payload instruments.  The contractor shall review payload test data and certifications to assure readiness of the instruments for integration.

4.8 
SV-LV Integration

The contractor shall define procedures and associated contingencies for integrating the space vehicle into the Launch Vehicle (LV).  The contractor shall deliver all SV procedures to STP 30 days prior to first use.  STP and the payload PIs will have the option of observing these procedures as they are performed.

5.0
Flight Support

5.1

Flight Readiness

The contractor shall provide documentation and support flight readiness activities for the STPSat-1 mission space flight.  Documentation shall include the Ground Specification Document (GSD) Inputs, Ground Interface Control Document (GICD), Command and Telemetry Handbook, Space Vehicle Handbook (SVH) and On-orbit Operations Handbook (OOH).  Content and delivery dates are specified in Section 9.10.

The contractor shall support quarterly Mission Operations Working Group (MOWG) meetings at STP and shall discuss and provide the status of mission readiness efforts.  With government-provided equipment, the contractor shall obtain recordings of SV telemetry to be used for testing at the RSC.  The SC contractor shall provide the dates when the telemetry recordings can be made far enough in advance so that the Government resources can be scheduled.

5.2

Training

The Contractor shall train RSC personnel and associated contractors for on-orbit operations of the STPSat-1 space vehicle.  A minimum of two (2) days of training shall be provided.  Training shall include all of the material contained within the SVH and the OOH to sufficient depth that the team can perform all nominal and contingency procedures required by the SV and can operate the payloads as specified by the PIs. 
5.3

Rehearsals

The Contractor shall support a baseline of three operations rehearsals, averaging five to seven days each, and one full dress rehearsal, of nominally three days.  Support shall be provided 24 hours/day for all applicable rehearsal activities.  The contractor shall support rehearsal planning by providing a representative on the rehearsal committee to assist in the generation of scripts, anomalies, and contingency plans and procedures.  If possible, the spacecraft may be put in the loop during a rehearsal.
5.4

Space Vehicle Checkout and Initialization

The contractor shall provide on-site vehicle, subsystems, and operations support during initial on-orbit operations of the STPSat-1 space vehicle at the RSC through the successful checkout and initiation of payload and mission operations including the resolution of all spacecraft anomalies.  The SV will be required to maintain autonomous operation for a 48-hour period of time after orbit insertion.
5.5

First Year Operations Support

The contractor shall provide factory support through the first year of SV operations.  The contractor shall provide weekly review and evaluation of space flight trend data provided by the RSC, perform timely anomaly analysis, and fully support resolution and understanding of all spacecraft anomalies, including reporting, briefings, and documentation.  The contractor shall provide, in a timely manner, flight software/firmware modifications necessary to operate the vehicle as intended. 

6.0
Environmental Assessment

The Contractor shall support STP’s environmental assessment activities by providing data on materials, and failure modes and probabilities, or other data as required.

7.0
Safety

The mission shall be in a safe condition at all times prior to launch and during all LV operations.  All launch site operations shall be compliant with the required range safety documents.  All ground operations shall meet the requirements of EWR 127-1 as applicable to the launch site. The contractor shall provide SV safety documentation.

8.0
Health

The contractor shall meet all applicable health regulations and support STP efforts to meet applicable health regulations.

9.0
Design Reviews and Data

The contractor shall conduct the design reviews listed in the following subparagraphs at the appropriate stages of spacecraft development.  Entrance and exit criteria will be established by the SC contractor and STP prior to each design review.  Closure of action items requires Government approval.  The contractor shall provide the Government with design review documents containing pertinent design and test information, mission parameters, risk assessments, the requirements verification matrix, and a reliability assessment.

The contractor shall participate in payload instrument design reviews (PDRs and CDRs), and shall provide loads, environment test levels, requirements to STP and PIs, and shall provide comments on the designs and their suitability for space flight on the STPSat-1 mission. 

9.1

System Requirements Review/System Concept Review (SRR/SCR)

The contractor shall conduct a SRR/SCR and provide a discussion of requirements, to include an updated Requirements Matrix with all requirements listed, a method proposed for meeting those requirements, capability of concept to meet requirements, and verification and product assurance plans for each requirement.  Payload loads and environment test levels shall be specifically addressed within this review.
9.2

Preliminary Design Review (PDR)

The contractor shall conduct a PDR and provide an overview of the mission concept, spacecraft design, launch services, requirement verifications matrix, preliminary integration & test plans, a detailed schedule, instruments’ status, mission operations concept, and presentation of draft interface documents.  Payload loads and environment test levels shall be specifically addressed within this review.  Concept must have significant depth and detailed analysis to permit Government evaluation and understanding of the design implementation and requirements compliance.  The recommended time for PDR is when the system definition is complete, all interfaces have been identified, and the spacecraft design is approximately 30% complete.
9.3

Critical Design Review (CDR)

The contractor shall conduct a CDR and present a detailed presentation of the mission, including final SC design, requirements verification matrix, mission operations concept, software review, I&T plans, updated cost and schedule performance, updated metrics, and presentation of final interface documents.  CDR will include a presentation of the payloads status and schedules.  A recommended time for CDR is when 90% of the design and drawings are complete. 

9.4 Spacecraft Integration Readiness Review (SIRR)

The contractor shall conduct a SIRR once structural testing and C&DH acceptance are completed to demonstrate that the SC elements are ready to begin SC integration.  The SIRR shall provide test results for all completed component acceptance/protoqualification testing, a detailed software test status, and integration plan and schedule.  Any flight hardware anomalies encountered during component-level testing and their resolution will also be reviewed.

9.5

Payload Integration Readiness Review (PIRR)

The contractor shall conduct a PIRR to demonstrate that the SC is ready for payload delivery. The contractor shall present a summary of the fabrication, assembly, and testing of the SC, provide proof of ICD compliance, present a summary of major discrepancies and their corrective actions.  The contractor shall present final, detailed I&T procedures and updated cost, schedule, and program metrics. 

9.6

SV Test Readiness Review (TRR)

The contractor shall conduct a TRR to demonstrate that the space vehicle is ready for environmental testing, compatibility, and final functional testing.  The contractor shall present resolution of all prior anomalies and problems, final functional and environmental test procedures, anomaly resolution procedures, Government participation requirements (including STP and PIs’), and success criteria.

9.7

Pre-Ship Review/Mission Readiness Review (PSR/MRR)

The contractor shall conduct a PSR and obtain government approval to ship the SV to the launch site.  The contractor shall support a government directed MRR whose purpose is review and approval of the SV and LV system test data.  At this meeting, the contractor shall demonstrate that the SV is ready for delivery to the launch site, personnel are ready to support LV I&T, and that launch site procedures will not damage the SV.

9.8

Flight Readiness Review (FRR)

The contractor shall demonstrate at the FRR that the SV is ready for launch.  The contractor shall review anomalies, their resolution, and all deviations.

9.9

Launch Readiness Review (LRR)

The contractor shall support the government in presenting a launch readiness review to the launch site commander.

9.10
Normal Operations Readiness Review (NORR)

The contractor shall conduct a NORR at the conclusion of the launch and early orbit (LEO) checkout period.  The NORR shall present a complete SV status and results of checkout tests, review any on-orbit anomalies and their resolution, and verify SV (including Payloads) readiness to enter Normal Operations.  Any changes to operations procedures since launch will also be reviewed.
9.11
Engineering Analyses

The contractor shall notify the Government at least one week in advance of all qualification and acceptance testing.  The contractor shall provide static and dynamic structures models, thermal, mass properties, attitude control stability, power, EMI/EMC, communications links, and reliability analyses for review.  Test documents, as requested by the Government, shall be delivered at least 10 days prior to test.  The Government will determine which system level acceptance tests it will witness.  Test results shall be delivered upon request. 

9.12
Detailed Design Drawings

Drawings shall include assembly drawings, complete SC electrical schematics, wiring drawings and lists, mechanical and electrical layouts, materials list, approved parts list, and coatings.  The contractor shall make these available to the Government in a contractor central repository.  Selected items shall be delivered to the Government upon request.
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1.0  INTRODUCTION

1.1  Scope

This Mission Requirements Document (MRD) is an appendix to the Technical Requirements Document (TRD).  The MRD contains the payload requirements for the Space Test Program (STP) mission, STPSat-1.  STPSat-1 is the name given to the Spacecraft (SC) that hosts the following experiments: Spatial Heterodyne Imager for Mesospheric Radicals (SHIMMER) payloads and the following secondary payloads:  Wafer Scale Signal Processing (WSSP), Computerized Ionospheric Tomography Receiver in Space (CITRIS), Micro-Electro-Mechanical (MEMS)-based PicoSat Inspector (MEPSI).
1.2  Terminology

The term “payloads” refers to all the Government Furnished Equipment (GFE) instruments, and provided antennas and booms.  SC refers to the bus with no payloads.  The term Space Vehicle (SV) refers to the SC plus the integrated payloads. A project office within STP will manage the mission.  The STPSat-1 Principal Investigators (PIs) are the representatives from the organizations developing the payloads.  The PIs will include representatives from the Naval Research Laboratory (NRL) for SHIMMER and CITRIS and the Air Force Research Laboratory (AFRL) for MEPSI and WSSP.

2.0  PAYLOAD OVERVIEW

2.1  Payload Description

The mission of STPSat-1 is to provide a vehicle for the primary payload (SHIMMER) and the three supplemental payloads (WSSP, CITRIS and MEPSI).  The four payloads that comprise the STPSat-1 mission are described below. 

SHIMMER NRL 702 

SHIMMER is a high-resolution ultraviolet spectrometer based on the new optical technique known as Spatial Heterodyne Spectroscopy (SHS).  It will demonstrate that SHS facilitates the design of low mass, low power, low volume, high throughput spectrometers for space-based remote sensing.  SHIMMER will image the earth’s limb at low latitudes, measuring the hydroxyl (OH) resonance fluorescence around 308nm.  These long-term, global-scale measurements will contribute significantly to the small set of existing atmospheric OH observations.  These will help to answer the numerous outstanding questions about the chemical and dynamic processes in the middle atmosphere, allowing better model validation and forecasting capabilities.

WSSP AFRL-902

WSSP will demonstrate high performance wafer scale signal processing on-board space satellites.  The payload will test the performance of a “shielded,” miniaturized on-board signal processor in a radiation environment.  Through wafer scale packaging, four WSSP elements which dissipate only 10 Watts, and fit on a single 5 x 5 centimeter Multi Chip Module (MCM), can be stacked 4 MCMs high, for a total of 16 cubic centimeters and 8 GFLOPS of processing horsepower.  WSSP will provide a 6 (U) Versa Module Europa (VME) board that contains 3 separate versions of a WSSP MCM.  One version will be a plain unshielded non-radiation-hardened MCM, the second will be the same MCM only shielded from radiation effects and the third version will be a radiation-hardened version.  The WSSP board will be inside of a box that will then be mounted with in the SC.  The PI will evaluate the performance of these MCMs on any available real sensor data on the platform (preferable) or a set of “canned” performance algorithms that could be measuring radiation effects, fault tolerant features, image data or any other performance characteristic.  These results will be compared to results from the same configuration being radiation tested on the ground.  WSSP will include a patch antenna to receive data from the MEPSI experiment.  This will allow WSSP to meet a desired objective to process additional data from an independent sensor. Additionally, WSSP will have a fixed mounted, earth-facing camera mounted on the SC.   

CITRIS NRL-911

The CITRIS system is a three-frequency receiver connected to an antenna located on the front (ram) or back (wake) of the STPSat-1 satellite.  Transmissions from Coherent Electromagnetic Radio Tomography (CERTO) beacons located on the Advanced Research Global Observation Satellite (ARGOS), PICOSat, and/or Defense Meteorological Satellite Program (DMSP)/S15 satellites are detected by the CITRIS satellite to provide measurements of satellite-to-satellite Total Electron Count (TEC) and signal fluctuations.  There are also more than 20 other orbiting beacons such as the Navy Navigation Satellite System (NNSS) TRANSIT and Russian COSMOS constellations along with the Russian NADEZHDA and TSIKADA satellites.  Occultation of the earth’s ionosphere can be used to derive electron density profiles from the TEC measurements.  The receiver will make both amplitude and phase measurements to provide scintillation data at Very High Frequency (VHF), Ultra High Frequency (UHF), and L-Band frequencies.  

MEPSI AFRL-906

The purpose of the MEPSI payload is to demonstrate an intelligent hardware “agent” which can enable autonomous satellite operations.  The integration of MEMS based subsystems is being used for the development of this radical new low power, autonomous, on-orbit capability.  This payload demonstrates the functional/dynamic interactions of MEMS enabled subsystems which may include, but are not limited to, the following;  Radio Frequency (RF) data transceiver, 3-axis inertial sensor, micro-propulsion, magnetometer, imager, range finder, data storage, health monitoring, processing, power generation, and star/sun sensors.  These objectives are achieved through the flight of MEMS-based PicoSats.  Operationally, MEPSI will demonstrate the capability to store a miniature (<1kg) inspector agent that can be released upon command to conduct surveillance of the host vehicle for independent situational awareness.  
2.1  Payload Objectives

To understand the STPSat-1 mission objectives, the individual objectives of each of the payloads are outlined below.  SHIMMER is the prime payload on the satellite and therefore its objectives are of primary importance.

SHIMMER

Primary

1. Demonstrate and validate a new optical technique (SHS) for long-duration, high-resolution, UV remote sensing from space.

2. Long-term measurement of low-latitude OH vertical concentration profiles on a global scale to investigate outstanding questions in atmospheric chemistry and dynamics. 

Secondary

1. Long term measurements of the diurnal variation of OH vertical profiles.

2. Investigate the middle atmospheric water vapor budget using OH as a proxy for water vapor.

Tertiary

1. Obtain synoptic temperature profiles of the upper mesosphere using the temperature sensitivity of the OH resonance fluorescence.

WSSP

Primary

Demonstrate in-flight processing of data collections with a high performance, high reliability, low power processor.  The demonstration metrics are: bandwidth reduction for data collections, power consumption under load, and payload faults.  These metrics will be demonstrated using specialized diagnostics code, specialized performance measurement code, and signal processing of received imagery.
CITRIS

Primary
1. Demonstrate that a receiver in space can record useful ionospheric scintillation and TEC data using transmissions from other satellites

2. Determine absolute TEC in the ionosphere using the differential phase technique

3. Record the effect of ionospheric irregularities on VHF/UFH/L-Band radio waves in terms of amplitude and phase scintillations

4. Observe both the structured and quiescent ionospheric environment

5. Profile the electron density and irregularities in ionosphere using three-frequency radio measurements

6. Provide a data base for large area descriptions of the ionosphere

7. Complement ionosphere measurements from the other STPSat-1 payloads and from ground based radars, ionosondes, and optical payloads

MEPSI
Primary

1. Demonstrate the utility of MEMS and related Microsystems for proximity operations

2. Demonstrate near range operations with cooperative object recognition

3. Demonstrate perceptive Guidance Navigation and Control (GN&C) (maintain minimum “safe” separation from SC within a 15% tolerance)

4. Collect, store, and downlink image and health monitoring data to the MEPSI Ground Station (MGS)

5.  Maneuver within a single plane with respect to the SC 

6. Perform at least one complete circumnavigation about the object

7. Demonstrate disposal with respect to the SC

Secondary

1. Demonstrate enhanced precision GN&C (maintain minimum “safe” separation from SC within a 5% tolerance)

2. Perform more than one circumnavigation about the object

3. Maneuver within more than one plane with respect to the SC 
2.3  Operational Concept

All payloads will be unpowered during launch.  Following the Launch and Early Orbit (L/EO) phase and completion of SC checkout, the payloads will be powered and checked out.  Once checkout is completed, nominal operations will begin.  The SHIMMER payload will collect data only during orbit day and is in Standby Mode during the umbra part of the orbit.  During data acquisition SHIMMER is pointing at the earth’s limb.  WSSP will operate continuously on-orbit if power permits.  CITRIS only operates when a CERTO beacon is in view.  CITRIS will operate in three modes as defined in paragraph 5.3.2.1.  From the STPSat-1 perspective, MEPSI operations consist of one-time preparation and deployment of the PicoSats.  The PicoSats are then operated by the MGS and are autonomous to STPSat-1.  Additional details are provided in Section 8.

STPSat-1 will be designed for a lifetime of one year of on-orbit payload operations.  STP will pay for the first year of operations.  After this first year, the payload sponsors or another organization may fund on-going operations with STP’s approval.

2.4  Orbit Requirements

2.4.1  Standard orbit parameters

The STPSat-1 payloads are compatible with the orbit parameters specified in the TRD as driven by the MLV-05 mission.

2.4.2  Launch Window

There are no payload-driven seasonal or time-of-day requirements for the launch.

2.4.3  Required Mission Life

STPSat-1 requires one year of on-orbit operations beginning at the completion of SV checkout.  The SC design shall not preclude operations beyond the first year at normally degrading power levels, and functional capabilities consistent with the reliability required for the one-year design.

3.0  PHYSICAL DESCRIPTION 

3.1  Engineering Layout

SHIMMER

The SHIMMER instrument is comprised of three subsystems (see Figure 3.1).  The primary subsystem is the optics/Charge Coupled Device (CCD) assembly.  This subsystem produces interferograms that encode the spectral content and altitude intensity distribution of the measured limb radiation.  The second subsystem is the CCD camera controller, which provides clocking and bias voltages to the CCD and converts CCD output to digital format.  The final subsystem is the instrument controller, which provides power, controls the shutter and dust door, and packages CCD data for transmission over RS-422 interface to the SC.
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Figure 3.1-1: SHIMMER optics/CCD subsystem (left), instrument controller and CCD camera controller (right).
WSSP

The WSSP board is shown in Figure 3.1-6.  This figure represents a model of the proposed board, it does not include the shielding or the box the card could be in.  The 2cm dimension is the interface thus making the overall width approximately 24cm. The board itself is a 6U Versa Module Europa (VME) Board.  The WSSP PI will provide a box for the board to reside in.  The GFE box provides shielding of the WSSP board.    

WSSP has some externally mounted equipment, one 915 MHz (L-band) patch antenna and one MEMS cameras, to provide enhanced experiment operations.  
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Figure 3.1-4: The Proposed WSSP Board

CITRIS

The CITRIS Payload consists of the following components:

· Antenna:  Three-frequency CITRIS antenna is shown in Figure 3.1-7.  The single antenna will be designed to transmit 150, 400 and 1067 MHz simultaneously.  The antenna (including boom) weighs 0.5 kg or less and extends 50 cm from the SC, and must be on the ram or wake face of the SC.  The antenna may be designed to be deployable as shown in the figure. 

· Receiver: The physical size of the receiver is quite small because a single chip receiver will be used.  The physical size is estimated as 16 x 11 x 8 cm.  The receiver power will be 5 to 12 Watts.  The receiver weight will be 2.4 kg or less.  The phase and amplitude outputs of the receiver are converted to a digital data stream in the receiver using an RS-422 interface.  Satellite ephemeris data will be periodically uploaded to describe the locations of the beacons that radiate to CITRIS.


Figure 3.1-5: Conceptual drawing of CITRIS Antenna stowed and deployed

MEPSI

The MEPSI PicoSat Launcher Assembly (PLA) consists of the PicoSat Launcher (PL) and two PicoSats (see example in Figure 3.1-8).  The PL is a rectangular aluminum-box approximately 30 x 14 x 13 cm; and it houses the two PicoSats.  See Figures 3.1-9 and 3.1-10.  A Firing Circuit (FC) mounted on the side of the PLA is the electrical interface with the SC (Figure 3.1-10).  One PL containing two PicoSats is baselined for this mission.  An inside view of the PLA with stowed PicoSats can be seen in Figure 3.1-11.
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Figure 3.1-6: Photograph of the PL as used in MEPSI pre-flight PicoSat 1.1 on MightySat II.1 (MSII.1)
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Figure 3.1-7: Photograph of a single MEPSI PicoSat as flown on MS II.1
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Figure 3.1-8: Picture of the MEPSI PLA firing circuit mounted to the PL.  Also shown are two photodiode pairs that detect the presence of the PicoSats in the PL
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Figure 3.1-9: Inside view of MEPSI PLA

3.1.1  Dimensions and Mass Allocations

The SC shall accommodate the payloads.  Listed in Table 3.1.1 are the (Not to Exceed) NTE values for size and mass.  The SC shall carry payload mass and volume margin as specified in the TRD.  The table includes a mass allocation for the harness for each experiment.  This harness consists of the cables between payload elements (boxes, antennas, microcontroller, etc.), but this does not include any part of the SC harness or the harness and connectors between the SC and the payload elements.

	Payload


	Box /Antenna/Other
	NTE Size (cm)


	NTE Mass (kg)
	Mounting Location (Comments)

	SHIMMER

(3 elements plus harness)
	Optics/CCD

Camera controller

Instrument controller
Harness
	36.6 x 47.1 x 23.7

23 x 24.5 x 30.5

23 x 24.5 x 30.5


	24.0

7.71

9.52
5.9
	Internal or External

Internal or External

Internal or External
Internal or External

	WSSP

(1 element plus 8 optional elements and harness)
	WSSP Box with Card

WSSP Camera 

WSSP Antenna 

WSSP Camera Harness 

WSSP Antenna Harness 
	30 x 30 x 5

4 x 4  x 4

10 x 10 x 0.3


	5.0

0.1

0.8


0.25

0.25


	Internal (If included on box, the cameras must view externally)

External

External

Internal

Internal



	CITRIS

(2 elements mounted to SC plus antenna and harness) 
	CITRIS Receiver

CITRIS Antenna System

CITRIS Boom

CITRIS Harness
	16 x 11 x 8

50 (4 each)

19 (4 each)

7 (4 each)

50 long x 2.5 diam

---
	2.4

0.25 (total)

0.25

0.25
	Internal

External (on CITRIS boom) 

External (Ram or Wake)

Internal

	MEPSI

(1 element, other items contained within PL)
	MEPSI PL


MEPSI PicoSat 1

MEPSI PicoSat 2
	32 x 15 x 14


10 x 10 x 10

10 x 10 x 10
	4.5


1.0

1.0
	Internal w/ exposed door

Internal to PL

Internal to PL

	Total
	10 payload elements to be mounted to the SC plus payload harnesses 
	
	63.18
	


Table 3.1‑1: STPSat-1 Payload Mechanical Properties

The cages that are around the SHIMMER instrument and camera controller boxes are designed to provide harness strain relief.  The dimensions given in Table 3.1-1 (23cm (width) x 24.5cm (length) x 30.5cm (height)) include the cages.  These cages will not be required if strain relief can be accomplished by the spacecraft.  Without the cages, the dimensions of each controller box is 23cm (width) x  24.5 cm (length) x 22cm (height). The height of the boxes is approximately 21cm, but since all the connectors go into the top, an additional 9.5 cm needs to be reserved in this dimension to accommodate the mating of the connectors.  Any encroachment into this 9.5 cm space needs to be negotiated with the SHIMMER PI.

3.1.2  Center of Mass

Approximate payload Center of Mass (CoM) information is provided for conceptual design purposes.

SHIMMER

The CoM can be estimated as the geometric center of each item.
WSSP

The CoM can be estimated as the geometric center of each item for the WSSP board, the antennas, and the cameras.

CITRIS 

Beacon and Receiver: Center of box

Boom/Antenna: 5/8 up the boom

Ground Plane: Center of panel

MEPSI

The Center of Gravity (CG) is the approximate geometric center of the PLA along the ejection axis.

3.1.3  Mechanical Interfaces and Integration

The SC shall accommodate the payloads.  The PIs will assemble and functionally test the payloads, and deliver their respective payloads to the SC contractor.  The SC contractor shall be responsible for the integration of the payloads to the SC.  Specific mounting interface requirements of each payload can be found in Section 3.4.

SHIMMER

The instrument controller box and the camera controller box have mounting holes on the bottom plate.

The two controller boxes may be mounted next to each other with the total dimensions being 23 x 51.5cm x 30.5 cm.  They can also be mounted far apart, but the harness will have to be redesigned.  The camera controller should be close enough to the optics/CCD assembly to avoid a harness length of more than about 60 cm.

WSSP

The WSSP board will be mounted in a GFE box provided by the PI.  

CITRIS

Mounting of CITRIS will be determined with the SC contractor.  The preferred mounting of the CITRIS antenna is with the boom aligned with the orbit velocity on the wake or ram face of the SC.  The receiver will be mounted with 6 screws to the inside of the SC.  

MEPSI

The MEPSI PLA is designed to accommodate various mounting configurations to the SC.   It is desirable to mount the PLA to the SC along one of the PLA long dimensions in order to minimize cantilever forces on both the PLA and the SC during the launch of STPSat-1.  The door of the PLA must be unobstructed.  No specific restriction is necessary regarding the SC face (wake, etc.) to which the ejection end of the PLA is directed, only that it face external to the SC.  The PLA must be secured to the SC at a location between the CG and the release end (-x direction) in order to maintain stability during PicoSat release (i.e. prevent cantilever action).  

3.2  Moving Parts and Deployment Mechanisms

SHIMMER

SHIMMER has a dust door for launch and sun protection (if necessary) which also serves as a reflecting diffuser for calibration measurements.  The CCD camera has a shutter mechanism.  Neither moving part is expected to contribute significantly to angular/linear momentum changes.  The dust door and shutter mechanisms are part of the GFE experiment, and the SC contractor is only responsible for providing two lines (discrete output) to monitor/verify dust door open/close status (per Section 5.3.1).

WSSP 

WSSP has no moving parts.

CITRIS

The SC contractor is responsible for deployment of the CITRIS boom, and shall provide the release mechanism for the boom.  The CITRIS PI will provide the hinge as GFE.  Deployment of the CITRIS boom is a one-time event that shall be powered, sensed, and controlled by the SC.  The SC contractor is also responsible for a micro-switch to verify boom deployment on-orbit.  The PI will be responsible for antenna element deployment. See figure 3.1-7.  

MEPSI

For MEPSI, the latch rod movement on the PLA indicated in Figure 3.2-1 must not be obstructed.  The latch rod moves linearly in the –X direction (NTE 8 cm) when the FIRE command is provided.  Upon firing, the PLA door swings open to release the PicoSats.  Clearance must be accounted for regarding door swing (Figure 3.2-2) and PicoSat egress.    PicoSats are released at a velocity of 0.2 m/s (estimate).
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Figure 3.2-1:  MEPSI PLA showing deployment of PicoSats
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Figure 3.2-2: MEPSI PLA Door Swing
3.3  Field-of-View Requirements

SHIMMER

The ~1.6 x 3.2 deg. FOV must point to the earth's limb during data acquisition.  The viewing direction must be at least 90 deg. away from ram.  The sun must never enter the FOV unless the dust door is closed.  There is no additional keep-out zone that needs to be obeyed in order not to harm the instrument.  The data might be degraded with the solar disk entering a 10( cone around the center of the FOV, but no harm to SHIMMER will occur if the sun enters this outer cone.  The dust door protects the instrument from direct solar radiation.  It is located in front of the telescope.  The shutter, however, is located at the CCD (camera) and controls the integration time.  The dust door does NOT close automatically.  It must be known ahead of time that the sun will enter the FOV, and a command must be scheduled to close and reopen the dust cover.


Figure 3.3-1:  SHIMMER field of view.

The square FOV of the instrument is oriented in a way that the sides of the square are parallel to the optics/CCD box edges.  If a coordinate system is designated with respect to the optics/CCD box displayed in Figure 3.3-1, the x-axis shall be the center of the FOV (parallel to the telescope) in the paper plane.  The y-axis shall be pointing to the top of the page in the paper plane, and the z-axis shall be pointing out of the paper plane (toward the reader).  In this coordinate system the optics/CCD box must be mounted so that the Earth's limb is parallel to the y-axis and the x-axis points to the nominal tangent altitude (65km) at the limb.  The z-axis can point toward either earth or space.     

The FOV shall point 90 to 180 degrees from the ram toward the northern hemisphere in order to increase latitudinal coverage of the tangent point in the northern hemisphere (at the expense of latitudinal coverage in the southern hemisphere).  Angles closer to 90

degrees are much preferred.
WSSP

The WSSP board has no FOV requirements.  The WSSP camera and antenna require unobstructed FOVs to the greatest extent possible.  This can be coordinated with STP and the WSSP PI.

CITRIS
The CITRIS antenna radiation pattern is hemispherical about the long axis of the CITRIS boom (Ram or Wake mounted).  The radiation pattern must be unobstructed.  The PI must approve exceptions.  The antenna will respond to obstructions with dimensions greater than 1/8 wavelength at each frequency, so this must be avoided.

MEPSI

For MEPSI the –X -axis of the PLA must be facing external to the SC.  For safe clearance of the SC, a 40 degree full cone angle unobstructed path must be present about the –X-axis of the PLA (see Figure 3.3-2). 
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Figure 3.3-2:  Keep-out region for PicoSat egress from MEPSI PL

3.4  Mounting and Alignment

The payloads shall be located on the SC as specified in Section 3.1 and Table 3.1-1.  

SHIMMER

The SHIMMER instrument has to be mounted on the SC so that the FOV points at least 90( away from the ram.  NRL will provide highly accurate measurements of the FOV wrt the optics/CCD module of SHIMMER.  Roughly, the center of the FOV is perpendicular to the front plate of the optics/CCD module (see Figure 3.3-1).  The root sum square of the alignment knowledge of the optics/CCD module of SHIMMER wrt the S/C axes and the spacecraft attitude knowledge accuracy must be known to better than the S/C pointing knowledge (as specified in Section 9.2).

WSSP

Alignment of the WSSP board to the SC axes is not critical.  Desired mounting locations for the WSSP camera and antenna is provided in Section 3.1.

CITRIS

The CITRIS receiver must be mounted inside the SC.  The antenna must be mounted on the SC oriented so that the antenna boom points within plus or minus 20 degrees of the orbit ram or wake.  Illumination of the earth and the horizon by the antenna reception pattern is critical.  The CITRIS boom shall be mounted within 5 degrees of perpendicular to the ground plane surface.

MEPSI

Alignment to the SC axes is important to take into account the door swing and latch rod movement described in section 3.2.  Alignment between the PLA –X-axis and the SC axis must be known within 1 degree.

4.0  ELECTRICAL INTERFACE AND POWER REQUIREMENTS

4.1  Harness and Connectors

The SC shall be responsible for the power harness and connectors to each payload element that requires main bus power.  The SC shall also provide power interface connections to the deployable payload elements.

4.2  Power Supply

The SC shall supply +28V ( 4 VDC and +5 +/- 0.25 VDC power to the instruments as specified in Table 4.2-1.  The SC shall provide power lines with returns.

	Payload Element
	Power Lines
	Comments

	
	28 V Switched
	28 V Unswitched
	5 V
	

	SHIMMER 

Optics/CCD

Instrument controller

CCD camera controller
	-

3

-
	-

-

-
	-

-

-
	None

Payload power routed through controller

None

	WSSP Box

WSSP Cameras

WSSP Antennas
	-

-

-
	-

-

-
	1

-

-
	Payload Power  

WSSP payload will provide power for the camera

None

	CITRIS Receiver

CITRIS Antenna Boom

CITRIS Ground Plane
	2

-

-
	-

1

-
	-

-

-
	Payload Power

Power to deploy antenna boom

None

	MEPSI PLA

MEPSI PicoSat 1

MEPSI PicoSat 2
	2

-

-
	-

-

-
	-

-

-
	28 V ARM, 28 V FIRE

None

None

	Total:  
	7
	1 
	1 
	


Table 4.2-1: SC Power Interface to Payloads 

MEPSI

Inputs required for MEPSI are the ARM and FIRE commands to the PLA, and will be transmitted over the 28 V lines.  The SC will provide an ARM command to power up the PLA and energize its release sensors system.  The FIRE command will be sent to deploy the PicoSat.  The SC shall issue the ARM command prior to rise over the MGS, for a sustained period of one pass over MGS (estimated at 15 minutes).  The second command is the FIRE command and it is sustained for 100 ms.

4.3  Payload Power Requirements 

4.3.1  Power Consumption 

The SC shall provide an orbit average power (OAP) of 90 W to the STPSat-1 payloads during normal operations.  The SC shall carry payload power margin as specified in the TRD.  Contractors are free to propose a duty cycle scenario that fits their design, provided payload requirements are met.

Operational power is defined as the power consumption when the instrument is operating and collecting data, but does not include one-time power draws such as boom deployment or MEPSI PLA Firing (PicoSat deployment).  Standby power is defined as the power consumption of an instrument in a condition where it is not collecting data but could start doing so instantaneously without warm up.  Survival power is the power that must be provided to the payload during nominal operations when the payload is not in standby or operating.

Payload power requirements are provided in Table 4.3.1-1.  Payload power consumption for typical operations modes and duty cycles, assuming a 96-minute orbit duration, are shown in Table 4.3.1-2.  The values in both tables are NTE numbers.  Note that the Peak Operating Power values in Table 4.3.1-1 are peak power values required during payload operations, not peak surges that have milliseconds duration.

	Payload
	Power (W)

	
	Survival
	Standby
	Nominal
	Peak Operating
	Average

	SHIMMER
	 15
	 43
	 52
	 62
	47.8

	
	
	
	
	
	

	WSSP
	6
	10
	33
	53
	30

	CITRIS
	N/A
	2.2
	12.0
	12.0
	6.0 Modes 1, 2, 3a

12.0 Mode 3b

	MEPSI PLA
	N/A
	N/A
	< 1.0
	115.0
	1


Table 4.3.1-1: Payload Power Requirements (NTE) 

	Payload Operations Mode
	Average Power (W)
	Ops Duration (minutes or % of orbit)
	Frequency of Operations

	SHIMMER Operations
	 52.5
	48 min per orbit
	Every orbit (when tangent point on the limb is sunlit)

	SHIMMER Standby
	 43
	48 min per orbit
	Every orbit

	
	
	
	

	
	
	
	

	WSSP Operations
	30.0

	96 min (100%) of orbit
	Continuous

	CITRIS Operations
	12.0
	a) 96 min (100%) 

b) 40 min (42%) nominal.
	a) Operations continuous for 2 days 6 times during the mission.

b) Once per day nominal.  

	CITRIS Standby
	2.2
	96 min (100%) of orbit
	Always in Standby when not operating

	MEPSI PLA Firing (PicoSat deployment)
	<1.0
	15 min per operation
	Once during mission


Table 4.3.1-2: Payload Operational Power Requirements (NTE)

SHIMMER

SHIMMER requires 52.5W for data acquisition and CCD temperature control.  When in standby mode, SHIMMER requires 43W for CCD and electronics temperature control.  SHIMMER operations mode takes place when the tangent point on the limb of interest is sunlit.

WSSP

WSSP very rarely operates at peak power.  WSSP has a very short warm up period, a couple of seconds, and there is no harm in powering the WSSP off.  WSSP will be processing MEPSI data when it is broadcast by the MEPSI experiment.

CITRIS

CITRIS power consumption is NTE 12 W while the receiver is on.  The receiver has a 2.2 W standby power.  CITRIS may be powered off; however, between 50 and 300 seconds are required before nominal operations may proceed.  The exact time depends on the status of the microprocessor operating CITRIS.

MEPSI

At 28 VDC, the peak power for MEPSI is 115 W lasting for 34 milliseconds nominal.  In the ARM condition, only the telemetry portion of the FC draws power.  This will not exceed 1 W.  Power is only consumed during the PLA firing operation.  No power is drawn by the PLA prior to or succeeding this operation.  There is no warm-up period.  PLA firing will occur twice during the mission to deploy the two PicoSats.

4.4  Grounding

The SC design shall provide a common, single-point ground for all SV electrical elements and for each of the payloads. 

SHIMMER

Each of the SHIMMER ground references (power, signal, and Chassis) is separate.  They will be located at the communication interface with the SC unless otherwise requested.
5.0  COMMAND AND CONTROL/TELEMETRY AND DATA HANDLING

5.1  Bi-Directional Interfaces

The SC shall provide an RS-422 interface to support the payloads.  The required interfaces are listed in Table 5.1-1.

	Payload Element
	
	RS-422 Interface
	Comments

	SHIMMER
	
	2
	1 uplink cmds
1 download data

	WSSP Board
	
	2
	1 uplink cmds
1 download data

	CITRIS
	
	2
	1 uplink cmds
1 download data

	MEPSI
	
	N/A
	

	Total:  
	
	6
	


Table 5.1-1: RS-422 Payload Interface Requirements

SHIMMER

The SHIMMER RS-422 interface will be a serial bus structure.  Because SHIMMER needs to convert the existing non-standard RS-422-like interface to a standard RS-422, there is no predefined data transfer protocols or timing constraints at this time.  SHIMMER can meet protocols and timing specifications developed in collaboration with the SC provider.
 5.2  Spacecraft Inputs and Commands

5.2.1  Discrete and Analog Inputs to Payloads 

The SC shall provide the discrete and analog inputs as specified in Table 5.2.1-1.

	Payload
	Analog Input
	Discrete Input
	Description

	SHIMMER
	N/A
	7
	0-28V for 50ms

	
	
	
	

	WSSP
	N/A
	2
	Mode control

	CITRIS
	1
	2
	Reset and Program Select

	CITRIS Antenna
	N/A
	1 
	Boom deployment signal

	MEPSI PLA
	N/A
	N/A
	

	Total:  
	N/A
	 10
	


Table 5.2.1-1: Inputs to Payloads (Discrete and Analog)

SHIMMER

The discrete inputs to the SHIMMER electronics are Main1-on, Main1-off, Main2-on, Main2-off, Heater-on, Heater-off and Reset for a total of 7 input lines.  The signal sent on each of these lines is 0V-28V  for 50ms.

WSSP
Two inputs are required for mode control.

CITRIS

The SC shall provide the following inputs to CITRIS: Reset, Program Select, and a deployment signal for CITRIS boom deployment.

MEPSI

None required.  Refer to Section 4.2.

5.2.2  Spacecraft Commanding

Commands in this section are passed to the payloads via the RS-422 interface.  The SC shall provide a minimum of 36 (TBR) commands to the payloads.

SHIMMER

The number of commands for SHIMMER is estimated to be 16 via the RS 422 interface.

WSSP

WSSP requires approximately 10 commands.  Commands passed to WSSP include Read Status, Setup, Reset, Reboot, DataUp, DataDown, Standby, and Survive.  

CITRIS

CITRIS requires approximately 10 commands.  CITRIS will use an internal micro-processor to command operations.  Using internal data for the ephemeris of beacon satellites, the microprocessor will control the frequency and scan rates of the receiver.  The external commands control the operational modes.  These include:

1. Set Ephemeris Data 

2. Run Beacon Tracking Mode

3. Output Receiver Data 

For testing purposes, the CITRIS receiver can also be controlled to receive beacons by external commands such as:

1. Set Frequency (Frequency = 10-bit word)

2. Start Acquisition and Tracking

3. Stop Tracking and Readout Data


MEPSI

Not applicable.

5.2.3  Software Uploads

Software uploads are passed to the payloads via the RS-422 interface.  There are no software upload requirements for MEPSI.

SHIMMER

The SC shall be able to accommodate software uploads of 20 kilobytes in the event that SHIMMER algorithms need to be adjusted to obtain mission success.

CITRIS

The SC shall be able to accommodate software uploads of 20 kilobytes approximately four times per year in the event that CITRIS algorithms need to be adjusted to obtain mission success.  The nature of the uploads will be to reconfigure the receiver for better tracking of beacon signals.  The spacecraft shall be able to accommodate file uploads of CERTO Beacon time, frequency, and Doppler rates to the CITRIS experiment once every four days.  The uploaded file will be no larger than 1920 bits (32 x 30 x 20 bits). 

5.2.4  Clock/Time Reference Requirements

The SC shall provide time reference updates to the payloads as specified herein.

SHIMMER 

The SC shall provide a time reference to SHIMMER via RS-422 at least once per orbit with an accuracy of 10 msec with respect to (wrt) UTC. 

WSSP

The SC shall provide a time reference to WSSP via RS-422 at least once per orbit with an accuracy of 10 msec with respect to (wrt) UTC.  The spacecraft shall provide a software upload capability to the WSSP experiment on an as available basis.  The software upload will be delivered in multiple packets over multiple passes with the possibility of out-of-order sequences.  WSSP will be responsible for verifying accuracy, requesting packet retransmission, and integrating the packets into the final software load.  

CITRIS

The SC shall provide a time reference to CITRIS via RS-422 at least once per orbit with an accuracy of 10 msec with respect to (wrt) UTC.  

MEPSI

None required.

 5.3  Spacecraft Telemetry Interface and Payload Outputs

5.3.1  Payload Discrete and Analog Outputs 

The SC shall sense and report the external temperatures of payload elements as part of the normal vehicle SOH system.  The SC contractor shall determine the number and location of temperature sensors needed to verify that payload temperature requirements are being met.  This determination should incorporate all temperature sensors needed to diagnose a thermal problem on-orbit.

The SC shall report the discrete and analog outputs from the payloads as specified in Table 5.3.1-1.

	Payload
	Analog Output
	Discrete Output
	Description

	SHIMMER
	8
	3
	See description below

	
	
	
	

	WSSP
	N/A
	N/A
	

	CITRIS Antenna
	N/A
	1
	Boom deployment verification

	MEPSI
	3
	N/A
	See description below.

	Total:  
	11
	4
	


Table 5.3.1-1: Payload Discrete and Analog Outputs 
SHIMMER

The analog outputs are to monitor: Main Bus Current, Camera Controller Bus Current, Heater Bus Current, Instrument Controller Temperature, Camera Controller Temperature, Camera Temperature, Optics Temperature, and Heat Pipe Temperature.

The discrete outputs are: Door Status (open, closed), and Shutter Status.

WSSP

SOH signals, error flags and temperature sensor devices are currently included in the WSSP design and are reported through the RS-422 interface.  WSSP SOH information will be provided in a 200 byte block once per second in the real-time and SSOH streams.  WSSP is responsible for antialiasing data in the SSOH.  The RS-422 interface shall not be cleared by a spacecraft read.  No discrete or analog WSSP outputs are required.

CITRIS

The SC must monitor and report verification of CITRIS boom deployment.

MEPSI

There are three analog SOH outputs that are provided from the MEPSI PLA.  These are:

1. Actuator Status (V)

2. Launch Tube Status (V)

3. Launch Tube Status (V)

This SOH data is available to the SC during the period in which the ARM command is being provided.  The SC shall collect this SOH data and provide it in the SC downlink.

5.3.2  Payload Data

Data requirements specified in this section will be passed to the SC via the RS-422 interface. 

5.3.2.1  Payload Data Collection and Download Requirements

The SC shall support downlink of 660 Mbits of payload data per day (24 hours) not including margins for headers, footers, etc.  Typical payload data requirements are defined in the table below.

	Payload
	Payload Data Collection
	Data Generated Per Day
	Comments

	SHIMMER
	289 kbits every 20s during data acquisition
	624.24 Mbits
	48 mins of data collection per orbit, 15 orbits per day

	WSSP
	2 Mbits per orbit
	32 Mbits 
	

	CITRIS
	4.608 Mbits per 40 minute operation
	4.608 Mbits
	

	MEPSI
	N/A
	N/A
	Real-time SOH of PLA prior to PicoSat ejection

	Total:  
	
	660.848 Mbits
	Minimum for nominal ops*


*Note – Data collection rates do not include SC headers, footers, etc.

Table 5.3.2.1-1: Payload Data Generation and Download Requirements (Unmargined)*

SHIMMER 

SHIMMER generates a 32x512 image every ~20s during data acquisition.  Each image is 32kBytes. In addition, ~10% is reserved for experiment header information.

WSSP

This data will consist of diagnostic, performance, and image data.  

CITRIS

The CITRIS experiment generates data in 4 different modes as follows:

Mode 1: Beacon Satellite Survey

Duration: 100 Minutes

Objective: Record Signals from 150/400 MHz Satellites in Low Earth Orbit

Amount of Data Collected: 

2 Samples/Second

150 and 400 MHz Complex Amplitude (I and Q)

16 bits per Sample

Up to 6 Satellites

Total Data Rate: 2 x 2 x 2 x 16 x 6 = 768 bits/Second

Total Data: 768 x 6000 = 4,608,000 bits

Mode 2: Ground Transmitter

Duration: 2 Minutes

Objective: Collect TEC and Scintillation Data from a Chain of Ground Beacons

Amount of Data Collected: 

60 Samples/Second

150, 400, and 1067 MHz Complex Amplitude (I and Q)

16 bits per Sample

Up to 6 Ground Beacons

Total Data Rate: 60 x 3 x 2 x 16 x 6 = 34,560 bits/Second

Total Data: 34,560 x 120 = 4,147,200 bits

Mode 3a: CERTO/CITRIS Tandem Raw Data

Duration: 8 Minutes

Objective: Demonstrate Tandem Operation for Ionospheric Monitoring

Amount of Data Collected:


100 Samples/Second

150, 400, and 1067 MHz Complex Amplitude (I and Q)

16 bits per Sample

CERTO on NPSAT1 Only

Total Data Rate: 100 x 3 x 2 x 16 x 1 = 9,600 bits/second

Total Data: 9,600 x 480 = 4,608,000 bits

Mode 3b: CERTO/CITRIS Tandem Processed Data

Duration: 2 Days

Objective: Demonstrate Tandem Operation for Ionospheric Monitoring

Amount of Data Collected:


0.25 Samples/Second

150, 400, and 1067 MHz TEC and Scintillations

16 bits per Sample

CERTO on NPSAT1 Only

Total Data Rate: 0.25 x 3 x 2 x 16 x 1 = 24 bits/second

Total Data: 24 x 172,800 = 4,147,200 bits

MEPSI

MEPSI does not produce telemetry data besides the 3 discrete SOH outputs defined in Section 5.3.1 above.  Once the PLA is armed, the SC must downlink the voltages of the three PLA status lines to be viewed in near real time.

5.3.2.2  Data Transfer

The SC shall accept transfer of payload data as specified below.

	Payload
	Data Transfer Rate
	Comments

	SHIMMER
	78,125 bps
	

	
	
	

	
	
	

	WSSP
	78,125 bps
	Will not be a design driver

	CITRIS
	960 bps

1920 bps

9600 bps

34,560 bps
	Data is transferred continuously during operation.

	MEPSI
	N/A
	


Table 5.3.2.2-1: Data Transfer Rate from Payload to SC

SHIMMER

The SC shall store SHIMMER telemetry in 16 bit words.

5.3.2.3  Spacecraft Data Storage

The SC shall include sufficient data storage capability to transfer payload data as the payloads do not have storage capabilities.  The SC shall store the data until it can be successfully transmitted to the ground station.  The SC shall accommodate any overhead (headers, footers, etc.) that may be required, and the potential need to retransmit the download if a problem should occur.  The TRD provides information on the daily contact time on the AFSCN that should be used for planning purposes for download of payload data.
5.3.2.4  Data Latency

The SC data identified in Section 5.3 shall be provided to the PIs within 7 days of collection unless specified otherwise below.

MEPSI

The 3 discrete PLA status signals are the only data collected by the SC.  These data are required after the SC has issued the FIRE command.  The MEPSI ground station personnel need these data only if there is a question regarding the successful release of the PicoSats from the PLA.  If these data are needed, they must be provided to the MEPSI PI and/or MGS prior to the next available SC download contact.  SC attitude and position data at the time of the release signal for the PicoSats are required in order to aid PicoSat tracking after release.

5.3.2.5  Data Integrity

The SC shall meet the data integrity requirements listed in the TRD.  The following is provided for information purposes only.

SHIMMER

The SHIMMER payload requires that the amount of lost or erroneous payload data be no more than 0.001% of the payload data collected over the life of the mission for those contacts rated as successful by the RSC.  The number of failed contacts not successfully retried, over the mission life, shall be less than or equal to 5% of the contacts attempted.  There is no requirement on bit error distribution.  Any contact in which more than 10% of the data is lost shall be considered failed.  SHIMMER has, as a goal, to collect 100% of their data without error.

WSSP

The WSSP payload requires that the amount of lost or erroneous payload data be no more than 20% of the payload data collected over the life of the mission.  There is no requirement on bit error distribution.  WSSP has, as a goal, to collect 100% of their data without error.

CITRIS

The CITRIS payload requires that the amount of lost or erroneous payload data be no more than 20% of the payload data collected over the life of the mission for modes A and B.  There is no requirement on bit error distribution.  The amount of lost or erroneous payload data be no more than 20% of the payload data collected over the life of the mission for mode C.  There is no requirement on bit error distribution.  The amount of lost or erroneous payload data shall be 0% of the payload data collected over the life of the mission for mode D.  CITRIS has, as a goal, to collect 100% of their data without error in all modes.

MEPSI

There is no data quality requirement for the MEPSI payload.

5.4  Spacecraft Data

The SC shall provide SC attitude, position, and time data as part of the SC SOH telemetry.  The SC shall also track and report time tagged command history logs.  The SC shall also monitor and report payload temperatures as defined in Section 5.3.1.  This information shall be provided to the PIs in accordance with the latency requirements specified in Section 5.2.3.4 to assist in payload data analysis.  The SC shall monitor with enough resolution to detect when the payloads are on.  The SC shall also provide on board SC data via the RS-422 as specified below.  

SHIMMER
SHIMMER requires SC attitude and ephemeris data versus time wrt UTC.    

WSSP

WSSP requires SC attitude and ephemeris data versus time wrt UTC.  

CITRIS

The SC shall provide the following through the real-time and SSOH telemetry:

1. Verification of CITRIS boom deployment.

2. The receiver temperature from the space vehicle provided thermistor.

3. The SC attitude, position, and velocity are required for reduction of the CITRIS data, as described in Section 10.2.  The attitude knowledge should be known to 10 degrees accuracy.  The position is needed to 1 km accuracy and the velocity is needed to 100 m/s accuracy.  

4. On-board Global Positioning System (GPS) receiver satellite position data is desired if it is available, however this should not drive a requirement on the SC.  This data should be distributed to the CITRIS payloader post flight to aid in the tomographic reconstructions of the ionosphere.

MEPSI

The SC shall record and report the times that the SC issues the ARM and FIRE commands to MEPSI.  SC data specified in Section 5.3.1 and 10.1 is required prior to ARM and FIRE (release) of the PicoSats from the PLA.  Information concerning the SC attitude and position is required in order to aid PicoSat tracking after release.

5.5  Spacecraft Data Interface

The SC shall be capable of separating payload data packets based on payload origin.  If an error is detected in a telemetry data file, the ground shall keep the data and pass it without comment to the PI.  The SC shall support the capability to request a retransmission of data from the payloads.  The SC shall not need to examine the contents of any data words in a payload packet.  The SC will have a requirement to support data upload to the payloads.  The RS-422 shall support a two line (input and output) system.

6.0  ENVIRONMENTAL REQUIREMENTS

6.1  Payload Loads

For the purposes of proposal, all elements of the payloads can be assumed compatible with the calculated LV environments (static loads, vibration, shock, and atmospheric pressure).  The SC contractor shall provide recommended payload test levels for the static, vibration, shock, and pressure loads that are expected at payload interface locations.  The SC contractor shall also provide measured or calculated loads at the payload mounting locations.  If calculated loads data is provided, the SC contractor must demonstrate validation of the model used for the calculation.

6.1.1  Static Load Constraints

The SC design shall ensure that no element of the payload is subjected to static load levels higher than those specified to the government by the SC contractor (with the exception of appropriate test margins) from the time the payload is delivered for integration through successful placement in orbit.  This includes but is not limited to ground handling, transportation, integration, testing, and launch.

No elements of the payload shall be load-bearing for other SC components (i.e., no other mission hardware will be mounted to payload hardware in a manner that transmits loads through the payload equipment).  However, if truly necessary, other payloads may be mounted on the outside frame of the MEPSI PLA if coordinated with the PI.

6.1.2  Vibration Constraints

The SC design shall ensure that no element of the payload is subjected to vibration levels higher than those specified to the government by the SC contractor (with the exception of appropriate test margins) from the time that the payload is delivered for integration through successful placement in orbit.  This includes but is not limited to ground handling, transportation, integration, testing, launch, LV separation, and boom/antenna deployment.
6.1.3  Shock Constraints

The SC design shall ensure that no element of the payload is subjected to shock levels higher than those specified to the government by the SC contractor (with the exception of appropriate test margins) from the time that the payload is delivered for integration through successful placement in orbit.  This includes but is not limited to ground handling, transportation, integration, testing, launch, LV staging, faring separation, SC-LV separation and boom/antenna deployment.

6.1.4  Atmospheric Pressure Constraints

No element of the payload shall be exposed to higher depressurization levels than those specified to the government by the SC contractor from the time the payload is delivered for integration.

6.2  Radiation Constraints

The STPSat-1 payloads contain no intentional radiation sources.  The STPSat-1 payloads require no special radiation shielding measures by the SC. 
6.3  Electromagnetic Compatibility

The SC shall demonstrate electromagnetic compatibility with the payload.

6.3.1  Radiated and Conducted Emissions from the STPSat-1 Payloads

All elements of the payloads will be designed and built to minimize unintentional conducted and radiated emissions and should comply with MIL-STD 461C.  Violations may be tolerated as long as they don’t interfere with other payloads, especially CITRIS.

SHIMMER

SHIMMER complies with MIL-STD 461C with minor violations.  The electronics to be used for SHIMMER are virtually identical to the MAHRSI camera and instrument controller that have previously flown in space. 

WSSP

The patch antenna is a receive only antenna in the L-Band.

CITRIS

Internal Frequencies of receiver may leak from package.  Low frequency noise from DC-DC converter will be filtered.  No emissions have been detected in prototype.  CITRIS will meet standards set forth in MIL-STD-461C for both conducted and radiated emissions.  

MEPSI

Each PicoSat (two of them) has on-board transceivers that will operate at 915MHz at a transmit power of 1 W when released from the PLA.  Their antennas are omni directional. Emissions analysis will be conducted when final hardware has been developed.  Current tests indicate highest out-of-band emission between 10 kHz to 18 GHz is 2.5 micro Volts.  There are expected to be no conducted emissions.

6.3.2  Magnetic Fields Generated by the STPSat-1 Payloads

The payloads will be designed and built to generate little or no magnetic fields.
6.3.3  Sensitivity of the STPSat-1 Payloads to Radiated or Conducted Emissions

Some STPSat-1 payloads have significant susceptibilities to disturbances in the fields that surround the satellite.

SHIMMER
None

WSSP

None

CITRIS

The SC and other payloads on the SC shall not transmit within the following margins during CITRIS receiver operations:

· within 4.5 kHz of 150.012 MHz

· within 12 kHz of 400.032 MHz

· within 32 kHz of 1066.752 MHz

MEPSI

None

6.3.4  Sensitivity of the STPSat-1 Payloads to Generated Magnetic Fields

SHIMMER

None

WSSP

No requirements.

CITRIS

None

MEPSI

None

6.3.5  Sensitivity of the STPSat-1 Payloads to SC Charging

SC charging should be mitigated as it will interfere with CITRIS.

6.4  Cleanliness Constraints

The payloads shall be maintained in a minimum Class 100,000 environment from the time the payloads are delivered for integration through launch.  Short periods of exposure to environments exceeding Class 100,000 may be permitted with coordination and STP approval.  In order to minimize contamination of the payloads, particularly due to organics, all non-sealed SC components shall be low-outgassing, defined as materials that have less than 1% Total Material Loss (TML) and less than 0.10% Collected Volatile Condensable Materials (CVCM) when tested in accordance with ASTM-E-595.  STP shall approve all exceptions to this requirement.  

At the integration and launch pad sites and in the launch vehicle fairing, the SHIMMER optical instrument shall be bagged (covered) and purged with dry nitrogen such that a positive pressure is maintained within the bag environment.  The bag or cover may be removed for integrated system test for short durations.  Prior to fairing closeout, the covers shall be removed and a final cleaning of the area and the instrument shall be performed.  

6.5  Humidity Constraints

The payload shall be maintained in a humidity range in which condensation is avoided and the potential for inadvertent electrostatic discharge is low.

6.6  Thermal Interface Requirements

The SC thermal interface with the payload shall keep all payload elements within the temperature range defined in Table 0‑1 under all mission conditions.  These temperature limits are for the bulk (i.e. externally measured) temperature of the unit.  Verification of the SC’s ability to maintain the payload elements within these temperature ranges is required.  Verification shall be by ground test or analysis, and by on-orbit temperature monitoring as part of the normal vehicle state-of-health system.

	Payload Element
	Unit
	Location on SC
	Survival Temperature Range

((C)
	Allowable Operating Temperature Range

((C)

	SHIMMER
	Optics/CCD

Instrument controller

CCD camera controller
	Internal or External

Internal or External

Internal or External
	-40 to +65
-40 to +65
-40 to +65
	-25 to +55
-25 to +55
-25 to +55

	
	
	
	
	

	WSSP
	Box

Antenna

Camera
	Internal

External

External 
	-40 to +70

-40 to +100

-40 to +100
	-25 to +40

-40 to +85

-40 to +85

	CITRIS
	Receiver

Antenna/Boom

Antenna/Boom Deployment
	Internal

External

External
	-55 to +70

-55 to +90

-55 to +90
	-25 to +50

-55 to +90

above -25

	MEPSI
	Payload Launcher
	Internal/External
	-40 to +85
	-25 to +61


Table 0‑1: STPSat-1 Temperature Limits

SHIMMER

The SHIMMER CCD must be cooled to approximately -40 deg. C to sufficiently reduce dark current.  This is accomplished by tying the thermally isolated CCD to a passive radiator that will be mounted on the SC and will look toward space.  The estimated heat load will be somewhere on the order of 10W.  A conic shade may be required to shield the radiator plate from incident radiation (depending on spacecraft attitude and orbit).

7.0  INTEGRATION AND TEST

 7.1  Pre-Delivery Payload Integration and Test

After all payloads have been fully developed, functionally tested, and environmentally qualified, they will be shipped to the contractor for payload integration and test. 

7.2  Payload-to-SC Integration and Test

7.2.1  Pre-Integration Inspection & Test

A visual inspection and functional test will be performed on each payload before integration to the SC to assure that the payload was not damaged during shipping.  Precautions must be taken not to issue the FIRE command for MEPSI during test unless otherwise instructed.  Issuing the FIRE command releases the PicoSats from the PLA and they may become damaged.  The PI’s will be present for the pre-integration inspection and functional tests to support the SC contractor.
7.2.2  Integration and Test Phase

7.2.2.1  Payload Access

The SC contractor shall accommodate payload and STP personnel during the Integration and Test (I&T) phase.  All SC tests requiring payload activation or operation shall require coordination with the STP.

7.2.2.2  Environmental Requirements

The SC contractor shall ensure compliance with environmental requirements specified in Section 6 at all times from payload delivery through launch.  As a minimum, all personnel handling payload elements or performing other operations in the vicinity of the payload shall maintain appropriate cleanliness controls.

7.2.2.3  Ground Support Equipment

The SC contractor shall accommodate payload provided Ground Support Equipment (GSE) during SV I&T.  This will include but is not limited to the items listed below.  In addition, the SC contractor shall provide office space, tables, phone service, Internet access, and standard power supplies to the payload PIs.

SHIMMER

SHIMMER will provide equipment needed to perform self-test.  Laboratory space and several 110V standard outlets will be needed to perform testing using a Zn pen ray lamp.  The Zn pen ray lamp emits UV radiation that requires protective glasses.  The Zn lamp has been used before for testing at Kennedy Space Center (KSC), and safety procedures have been developed that will be used on this program.

WSSP

WSSP will provide equipment needed to perform self-test except for a power supply.  Laboratory space will be needed to perform testing; this would include a lab bench and possibly a power supply.

CITRIS

For CITRIS, the SC contractor must provide an Anechoid Chamber for antenna radiation pattern measurements, and office space and power for a personal computer, with access to a phone.  The PI will provide a radio receiver test source (RRTS) for determining the efficiency of the antenna and the sensitivity of the receiver.

MEPSI

No Requirements.

7.2.3  Integrated Functional Testing

Following the completion of integration of the payload to the SC and SV environmental testing, the SC contractor shall perform a full functional test of each payload element.  This full functional test shall prove that the integrated payloads are functioning properly and in accordance with all applicable Interface Control Documents (ICD).

7.3  Launch Vehicle Integration and Test

The SC contractor shall include functional testing of the payload prior to final encapsulation in the LV fairing.  Limited payload functional testing shall also be allowed and included in the integrated satellite and launch system testing at the launch site.

7.4  Potentially Hazardous Materials & Equipment

7.4.1  Pressurized Systems (Liquid/Gas)

There are no pressurized systems on SHIMMER, WSSP, or CITRIS.  However, for MEPSI, a cold gas propulsion system is planned for the PicoSat subsystem that will most likely consist of pressurized butane.  Anticipated tank pressure is on the order of 1000 psia for a tank size of approximately 50 cc.

7.4.2  Ordnance Systems

None.

7.4.3  Radiation Sources

None.

8.0  ON-ORBIT PAYLOAD OPERATIONS REQUIREMENTS 

8.1  Launch Phase Requirements

All STPSat-1 payloads are powered off during the launch phase.

8.2  On-Orbit Payload Operations

8.2.1  Spacecraft Initialization

The payloads shall not be powered on immediately after launch to allow sufficient time for outgassing.  

8.2.2  Check-Out

Payload checkout will occur following completion of SC checkout, or as negotiated by STP.  This checkout phase shall include characterization of the power and thermal behavior of the payload elements on-orbit.  SOH data from each payload element will be carefully examined during the checkout phase.  PIs will be extensively involved in the payload checkout process.

SHIMMER

After “power on” SHIMMER will automatically perform a built-in test.  The results of this test will be downloaded and evaluated before any further action is taken with the experiment.

WSSP

WSSP will boot and execute diagnostic software.  Results will be downloaded through the WSSP data stream.

CITRIS

For CITRIS, the receiver functionality can be verified by examining the data obtained by satellite or ground radio-wave transmissions.  This data does not need to be provided in real time.

MEPSI

For MEPSI check-out, the SC will provide the PLA with the ARM command.  Once in the ARM state, the PLA will be powered on.  At this point, the PLA will provide discrete SOH voltages at the Actuator Status pins and Launch Tube Status-1 and Launch Tube Status-2 pins.  These discrete voltages will be recorded by the SC and down-loaded to the SOC.  The SOH data will be provided to the MEPSI team.  This check-out will be performed shortly after the SC is launched and fully operational on-orbit, and again when preparing for PicoSat deployment.

8.2.3  Payload Initialization

SHIMMER

The SHIMMER initialization includes the cooling of the CCD camera and taking several dark field images.  Dark field images are "calibration" images with the shutter closed. These will be taken periodically to make sure the CCD is still operating correctly.  The dust door may be open or closed for this measurement.

WSSP

See section 8.2.2.

CITRIS

The CITRIS initialization sequences should ideally occur during a SOC pass.  The antenna deployment and receiver turn-on sequence is as follows:

1. Verify CITRIS and antenna are within thermal limits.

2. Command CITRIS antenna deployment.

3. Command CITRIS ON.

4. Up load beacon satellite and SC ephemeris data.

5. Start Frequency Search for a beacon such as CERTO on NPSAT1

6. Check for Receiver Lock onto one signal

7. Acquire complex amplitude data.

8. Transfer Data to main SC

9. Command Receiver Off

MEPSI

None required until preparing for deployment.

8.2.4  Payload Turn –On

SHIMMER

After opening the dust door, SHIMMER will wait for commands from the ground.

WSSP

WSSP will be powered up and execute diagnostic routines until otherwise commanded from the ground.

CITRIS

Thermal limits described in Section 6.6 must be satisfied before turning on the CITRIS payload.

MEPSI

The MEPSI payload will be in a dormant state until turned-on for operations. Release of the PicoSats (i.e. the FIRE command) must not be performed until the SC rises above the MGS as coordinated. 

8.2.5  Payload Operations

SHIMMER

During orbit night, SHIMMER will be in standby mode.  Normal operations during orbit day are performed in "limb mode."  Occasionally "dark mode," "fringe mode," and "background mode" are needed for calibration and diagnostics.  These modes are described in Table 8.2-1.  SHIMMER will be commanded on and off each orbit by stored ground commands.  It is anticipated that at least one day’s worth of SHIMMER commands will be uploaded at one time and stored aboard the spacecraft to be executed at the appropriate times.

The dust door and the shutter are commanded using RS422.  No sun sensor will be used to automatically control the dust door. Ideally, the dust cover will be opened early in the mission and will nominally remain open.  It will be closed for sun protection and background mode as described in Table 8.2-1.  The shutter is operated frequently as described in Table 8.2-1.

	Mode
	Description

	Limb Mode
	Limb mode is the standard measuring mode. Once every 20s the shutter opens and closes, and 280kbits of data are transferred to the S/C. The dust door is open.

	Dark Mode
	Dark mode is identical to limb mode except that the shutter stays closed.

	Fringe Mode:
	Fringe mode is used very infrequently (approximately once a month). A single image of about 17Mbits is taken and transferred to the S/C.

	Background Mode
	Background mode is similar to limb mode and will be performed three times per year. The purpose of this mode is to measure the spectral shape of solar radiation. This can be achieved by pointing the FOV at the Moon during orbit night. The dust door, which includes a transmissive diffuser, will be closed for this mode.  Daytime observations prior to this can be cancelled in preparation for this mode.


Table 8.2-1: SHIMMER modes of operation.

WSSP

WSSP can be turned off when not needed for processing.  WSSP can process “canned” data to run its tests or can process data from MEPSI.  Using its camera, 3D modeling of the objects in the camera’s FOV will be done. 

CITRIS

The CITRIS receiver will remain in standby mode until commanded by the ground or a stored command.  CITRIS will operate while the orbit geometry permits receiving the CERTO signal from a beacon.  During this operation, the receiver will track the differential phase from the beacon.  CITRIS operations will nominally occur once per day with a maximum duration of 40 minutes.  CITRIS operations will be in accordance with the commanded mode.

MEPSI

The MEPSI payload will be powered off during launch and other specific SC operations.   During this period, nothing is required from the SC. 

For MEPSI mission operation, an optimal pass of the SC over the MGS will be selected based on weather and inclination.  Ephemeris of the SC for the selected pass will be provided to the MGS personnel at least 30 minutes prior to operations.  During the initial phase of the first pass, discrete ARM and FIRE signals will be sent to the PLA from the SC in sequence.  This will release the two PicoSats from the PLA.  A check-out of the PLA SOH and Launch Tube Status 1 & 2 will be performed.  This SOH data will be made available to the MGS personnel.  Once released, the PicoSats will operate independent of the SC.  The PicoSats are powered on as a result of the release from the PLA and will communicate with the pre-established MGS for the remainder of operations.

The PicoSats will operate autonomously for the duration of the mission.  The information in this paragraph is provided for information only.  It imposes no requirements on the STPSat-1 SC.  Health and imagery data will be acquired upon demand by the MGS during successive passes.  Additionally, the MGS will send commands to the PicoSats during passes as necessary.  MEPSI data downlink rates to the MGS are 100 kbps.  PicoSat-1 will maneuver to about 10 meters from the SC, while PicoSat-2 will maneuver to 20 meters from the SC.  Separation distance from the SC will be determined and maintained by range finding and optical correlation.  Image data will be taken periodically during these maneuvers.  Once in position, PicoSat-1 will circumnavigate the SC while collecting imagery data.  Collected data will be sent to the MGS as determined.  PicoSat-2 will observe PicoSat-1 operations.  PicoSat-1 will repeat operations for up to four different perspectives (planes) about the SC.  Disposal of the PicoSats with respect to the SC will be demonstrated

9.0  ON-ORBIT ORIENTATION AND STABILIZATION

9.1  Attitude Control

The SC bus shall be three-axis stabilized and shall provide attitude control accuracy of +/- 0.1 degrees (3 sigma).

9.2  Attitude Knowledge

The SC shall provide attitude knowledge to within +/- 0.03 degree in all axes (3 sigma). 

10.0  EPHEMERIS DATA

10.1  Prediction/Real Time Knowledge

SHIMMER

SHIMMER does not need ephemeris predictions, however, the operations concept is such that scheduled commands must be sent to the spacecraft to turn on SHIMMER during part of orbit day (precision timing is not required).  In addition, as described in Section 3.3, the sun must never enter the ~1.6 x 3.2 deg. FOV unless the dust door is closed.  Since SHIMMER does not have a sun sensor for automatic detection, SHIMMER requires prediction of times when the sun will enter the instrument FOV.  The predictions must be available in time to create and uplink time-tagged dust door close/open commands prior to any sun exclusion zone violation.

WSSP

WSSP requires ephemeris predictions with 10 km accuracy of in-track, cross-track, and altitude position to be provided one week prior to planned observations.
CITRIS

CITRIS requires ephemeris predictions with 10 km accuracy of in-track, cross-track and altitude position to be provided one week prior to planned observations.

MEPSI

MEPSI requires an ephemeris update 30 minutes prior to release of the PicoSats.  This update should be provided to the MGS.  The requirements are 10 km in-track, cross-track, and altitude.

10.2  Post Processed Knowledge

SHIMMER

SC ephemeris data must be provided to the payload PI within 1 week following payload operations to an accuracy of 5 km in-track, cross-track and 1km in altitude.  This data should be provided wrt UTC.

WSSP

SC ephemeris data must be provided to the payload PI within 1 week following payload operations to an accuracy of 1 km in-track, cross-track and 1 km in altitude.  This data should be provided wrt UTC.
CITRIS

SC ephemeris data must be provided to the payload PI within 1 week following payload operations to an accuracy of 1 km in-track, cross-track and 1 km in altitude.  This data should be provided wrt UTC.

MEPSI

None required.

11.0  ACRONYMS

AFRL

Air Force Research Laboratory

AFSCN
Air Force Satellite Control Network

ARGOS
Advanced Research and Global Observation Satellite

BER

Bit Error Rate

bps

Bits Per Second

CCD

Charged Couple Device

CERTO
Coherent Electromagnetic Radio Tomography

CG

Center of Gravity

CITRIS
Computerized Ionospheric Tomography Receiver in Space

CoM

Center of Mass 

CVCM

Collected Volatile Condensable Materials

DMSP

Defense Meteorological Satellite Program

eV

Electron Volt

FC

Firing Circuit

FOV

Field of View

GHz

Giga Hertz

GN&C

Guidance, Navigation and Control

GPS

Global Positioning System

GSE

Ground Support Equipment

HW/SW
Hardware/Software

I/O

Input/Output

I&T

Integration and Test

ICD

Interface Control Document

JTAG

Joint Test Action Group (IEEE Std 1149.1)

KSC

Kennedy Space Center

LV

Launch Vehicle

MCM

Multi Chip Module

MEM

Micro-Electro-Mechanical

MEPSI

MEMS – based PicoSat Inspector

MGS

MEPSI Ground Station

MIL-STD
Military Standard

MRD

Mission Requirements Document

MSII.1

Mighty Sat II.1

NNSS

Navy Navigation Satellite System

NRL

Naval Research Laboratory

NTE

Not to Exceed

OAP

Orbit Average Power

OH

Hydroxyl

PAT

Pointing and Tracking

PI

Principal Investigator

PLA

PicoSat Launcher Assembly (for MEPSI)

PL

PicoSat Launcher (for MEPSI)

RF

Radio Frequency

RRTS

Radio Receiver Test Source

RTV

Room Temperature Vulcanization
SC

Spacecraft

SHIMMER
Spatial Heterodyne Imager for Mesospheric Radicals

SHS

Spatial Heterodyne Spectroscopy

SOC

Satellite Operations Center

SOH

State of Health

STP

Space Test Program (Det 2/ST)

STPSat-1
Space Test Program Satellite Mission –1

SV

Space Vehicle

TBR

To Be Resolved

TBD

To Be Determined

TEC

Total Electron Count

TML

Total Material Loss

TRD

Technical Requirements Document

TSX

Tri Service Experiment

UHF

Ultra High Frequency


USAF

United States Air Force

UTC

Coordinated Universal Time 

UV

Ultra-Violet
VDC

Volts, Direct Current

VHF

Very High Frequency

VME

Versa Module Europa

WSSP

Wafer Scale Signal Processing

wrt

with respect to
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