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Scope

1.1  Purpose

This Software Test Plan (STP) describes the testing of the Flight Software (FSW) being developed for the Gamma-ray Large Area Space Telescope (GLAST) Large Area Telescope (LAT) under development by the Stanford Linear Accelerator Center (SLAC). 

As discussed later in this document, testing will be performed for two FSW formal releases, the ISIS (Instrument to Spacecraft Interface Simulator) Release and the Flight Unit Release. The ISIS Test Plan and related documents ([20-22]) cover the testing process for the ISIS. The present STP, therefore, focuses on the testing process for the Flight Unit. Read together, the LAT T&DF Hardware Test Plan [23] and this STP (the LAT Flight Software Test Plan) describe all testing performed on the Trigger and Dataflow (T&DF) subsystem until its delivery to the Integration and Test (I&T) Team.
1.2 Document Overview 

This test plan identifies and describes the objectives and requirements for each level of testing that the LAT FSW will undergo. It relates the FSW testing to the development and release schedule, and describes the functional requirements to be tested for the Flight Unit release, along with the test environment required for each level of testing. This document is organized as follows:
· Section 1, Scope, briefly describes this LAT FSW Test Plan and its objectives. 

· Section 2, Applicable Documents, lists the documents referenced in this plan or that are applicable to the software testing process.

· Section 3, Overview of LAT Flight Software, summarizes the FSW functionality and development philosophy.
· Section 4, Flight Unit Software Development and Testing Process, provides an overview of how the FSW will be tested during the Flight Unit development process, and describes the roles and responsibilities of the FSW development team, the test team, and other groups involved in LAT development. This section also describes the systems used to support communication and documentation of the testing process, and the hardware and software systems used to support execution of the tests themselves.
· Section 5, Unit-Level Testing, describes the informal software unit testing that is performed throughout code development and discusses how this testing applies to the LAT FSW Flight Unit.

· Section 6, Function-Level Testing, describes the functional testing that occurs throughout Flight Unit development. The section also describes the Flight Unit Candidate Test, a set of functional tests performed to determine whether a given FSW release qualifies as a Flight Unit release candidate.
· Section 7, Flight Unit Qualification Testing, describes the functional components around which FSW Flight Unit qualification tests are defined, and describes the qualification tests themselves. This section also explains the sequence of events followed during the qualification testing process, and the end products of that process.

· Section 8, Carrying FSW Testing Into Integration and Test, describes efforts to coordinate FSW and I&T testing activities.

 Applicable Documents

	Citation Number
	Document Number
	Document Title

	1
	GSFC 433-MAR-0001
	Mission Assurance Requirements (MAR) for Gamma-Ray Large Area Telescope (GLAST) Large Area Telescope (LAT)

	2
	LAT-MD-00033
	Gamma-ray Large Area Space Telescope (GLAST) Large Area Telescope (LAT) Work Breakdown Structure

	3
	LAT-MD-00039
	Performance Assurance Implementation Plan

	4
	LAT-MD-00054
	Gamma-ray Large Area Space Telescope (GLAST) Large Area Telescope (LAT) Project Management Plan

	5
	LAT-MD-00067
	Gamma-ray Large Area Space Telescope (GLAST) Large Area Telescope (LAT) Risk Management Plan

	6
	LAT-MD-00068
	Gamma-ray Large Area Space Telescope (GLAST) Large Area Telescope (LAT) Configuration Management Plan

	7
	LAT-MD-00091
	Gamma-ray Large Area Space Telescope (GLAST) Large Area Telescope (LAT) Quality Manual

	8
	LAT-SS-00019
	GLAST LAT – T&DF Level III Subsystem Specification

	9
	LAT-SS-00284
	GLAST LAT – Trigger Level IV Subsystem Specification

	10
	LAT-SS-00285
	GLAST LAT – Dataflow Level IV Subsystem Specification

	11
	LAT-SS-00286
	GLAST LAT – Conceptual Design of the Global Trigger

	12
	LAT-SS-00287
	GLAST LAT – Conceptual Design of the TKR-CAL Tower Electronics Module

	13
	LAT-SS-00289
	GLAST LAT – Conceptual Design of the ACD Electronics Module

	14
	LAT-SS-00290
	GLAST LAT – Conceptual Design of the Space-Craft Interface Unit

	15
	LAT-SS-00399
	LAT Flight Software Specification – Level IV

	16
	LAT-MD-00104
	LAT Flight Software Management Plan

	17
	LAT-TD-00786
	LAT Flight Software Test Plan

	18
	LAT-PR-01535
	LAT Flight Software Development Plan

	19
	LAT-TD-01781
	LAT Flight Software Package Descriptions and LOC Basis of Estimate

	20
	LAT-SS-03975
	LAT ISIS Requirements Specification

	21
	LAT-TD-TBD
	LAT ISIS Design Specification

	22
	LAT-MD-04086
	LAT ISIS Test Plan

	23
	LAT-TD-TBD
	LAT T&DF Hardware Test Plan

	24
	LAT-TD-02895
	FES Overview

	25
	LAT-TD-00440
	LAT Beam Test Plan

	26
	FSW Traveler Document
	LTX User Manual. Stored in FSW CM system and available on the FSW Web site at http://www.slac.stanford.edu/exp/glast/flight/web/FSW_home.shtml


	27
	N/A
	I&T Online: http://www-glast.slac.stanford.edu/IntegrationTest/ONLINE/Default.htm

	28
	1196 EI-Y46311-000C
	GLAST LAT Spacecraft to LAT Interface Control Document (SC-LAT ICD), Version C

	29
	433-ICD-0001 (GLAST Project CCB)
	LAT-GBM Interface Control Document (ICD)

	30
	LAT-PS-00010-01
	LAT Instrument Performance Specification


2 Overview of LAT Flight Software 

This section of the Software Test Plan briefly describes the role of the FSW components in the overall LAT system and the relationship between the hardware and software development schedules. 

2.1 System Description 

The LAT consists of a plastic scintillator Anticoincidence Detector (ACD), a silicon-strip tracker (TKR), a hodoscopic CsI calorimeter (CAL), and a Trigger and Dataflow system (T&DF). The principal purpose of the LAT is to measure the incident direction, energy, and arrival time of cosmic gamma rays.

The T&DF system provides the functions for data acquisition, instrument control, and housekeeping operations. The T&DF electronics decide whether the instrument should be triggered in response to trigger input information from the detector subsystems. If the instrument is triggered, the electronics instruct the detector systems to acquire the data for that event and assembles the subsystem fragments into full events for transport to the T&DF processor farm.

FSW running on one of the two redundant spacecraft interface units (SIUs) provides the command, control and configuration functions for the instrument and handles instrument health monitoring. The SIU is responsible for all LAT external communications. All LAT commands (other than SIU power on and reset commands) are routed through the SIU. All LAT 1553 telemetry is managed through the SIU, which collects housekeeping and low rate science data from the other LAT subsystems and responds to requests for it from the spacecraft. The SIU manages the LAT operational modes and detailed configuration based on ground commands, automatic control logic and stored, pre-defined configurations. The SIU maintains LAT pointing knowledge based on information provided by the SC via the 1553. The SIU monitors the health of other LAT components and can perform autonomous shutdown in response to a failure detection or load shedding command from the SC. Functionally, the SIU performs the transient monitoring and handling tasks, including processing and responding to transient alerts from the ground and GBM.

Flight software running on the event processor unit(s) (EPUs) is responsible for filtering the data produced by the T&DF electronics system, rejecting the high flux of cosmic background but keeping the photon interaction events that are the basis of the science data. The EPUs will then perform a preliminary (LAT relative) reconstruction of the photon events. Identical FSW will run on each of the EPUs. The EPU configuration is managed by the SIU via a CPU-to-CPU message protocol. Event data is placed directly in the EPU memory by the Event Builder. 

2.2 Flight Software Development Philosophy

The LAT FSW is an integral part of the LAT T&DF subsystem and its development schedule must be tied to the hardware development schedule – both the ISIS hardware development schedule and the main T&DF hardware development schedule –  in order to provide the necessary functionality for testing of hardware components. The LAT FSW releases will therefore be coordinated with the major hardware releases in both timing and content.

This strategy calls for major FSW releases to coincide with the hardware builds, with the final release being the Flight Unit (flight-ready software load), as shown in Table 1 below.

Table 1
Flight software releases
	Release
	Hardware Target

	ISIS
	Instrument to Spacecraft Interface Simulator

	Flight Unit
	Full LAT


The FSW Development Team plans to develop code for these releases in a single branch. However, if necessary, a special ISIS code branch will be created and maintained in a separate repository.
3 Flight Unit Software Development and Testing Process
This section of the STP describes the development process that leads to the Flight Unit Release. It also describes the approach to FSW testing used during that development process. Next, it defines the responsibilities of the T&DF System Test Group, FSW Test Team, Electronics Test Team, FSW Development Team, T&DF Electronics Engineering Team, and other groups involved in the testing process. Finally, it describes the hardware and software environment in which FSW testing is performed.
3.1 Flight Unit Release Process
The Flight Unit Release of LAT FSW will follow a timeline designed to provide the required set of capabilities in a timely manner to support hardware test activities as well as prepare for FSW test activities. The Flight Unit Release is targeted to a full LAT hardware implementation and will include all required FSW functionalities for the mission.
During the development interval, FSW functionality will be developed in an informal manner, with continuous and iterative informal testing at the unit and functional level.  Additional functional requirements identified during the development process shall be negotiated between the FSW Development Team and the T&DF Electronics Engineering teams, with Systems Engineering monitoring. 

When actual hardware becomes available, the activity shifts to an emphasis on development and test against the target hardware.  During this interval, approximately two weeks prior to the release date, a software content freeze date will be defined. Following this date, the FSW emphasis shifts from developing new functionality to integrating and stabilizing the existing functionality. If additional functionality is required after this date, it must be approved by the FSW CCB. 

When all development is complete, the Flight Unit Release candidate is defined. This candidate is then subjected to further testing, including operational scenarios devised by the FSW Test Team, with consultation from the FSW Development Team, Systems Engineering, and/or other LAT subsystems. The testing will continue on the hardware and also on the FSW Testbed employing flight-like processors. FSW bugs and errors shall be reported through an Issue Tracking System, and then corrected after approval from the FSW CCB, Systems Engineering, and LAT Project Management.  While bug fixes or additional features may be coded and logged into the version control system at any time, they do not by themselves constitute another release.  There may be many different FSW versions existing simultaneously, each with full documentation of its composition and functionality, in the version control system.  These may be used informally by members of the LAT community for special testing or applications.

3.2 Testing Overview

The software system is partitioned into functional blocks based on requirements documents and instrument to hardware interface control documents. Functional blocks are then mapped into packages, the fundamental unit of the code management system. Packages are the logical organization of software into groupings of files and associated data for documentation, testing and compilation purposes.  Packages provide specific services or capabilities and are the components from which the functional blocks are constructed.
LAT FSW testing will occur at all levels of the Flight Unit development process. Unit level testing will be performed on every package during the development process and will be repeated whenever code modifications are made on the package. The test results will be documented informally by the developer in the Software Development Folder (SDF) for the package. Scripts defining the unit tests, the test results, and the analysis products are captured in the LAT FSW test executive system (LTX). Unit testing is described in more detail in Section 5.
Function-level testing will be performed on software components consisting of sets of integrated packages which together perform a specific task or function.  This testing will verify the correct interoperation of the integrated software packages and verify the intended functionality of the component. Function-level tests will be defined as specialized test packages controlled using the current CM system. The tests will be documented informally by the FSW Test Team engineers. Results are subject to an informal sell-off to the FSW Test Team Lead.  Function-level testing will also exercise the Flight Unit Release candidate using real and/or simulated data in a simulated operational environment. It is intended to verify all external interfaces, including hardware, timing relationships, closed loop operation, etc. A variety of normal and fault scenarios will be tested. This testing leads to the Flight Unit Candidate Test, used to informally verify that the system meets the Software Requirements Specification (SRS) and the LAT-SC Interface Control Document (ICD). See Section 6.
The Flight Unit Release will then undergo qualification testing to verify that it meets its system level requirements. The testing will be carried out as a series of Qualification Tests (QTs) to verify specific functional elements using a formalized subset of scenarios used in the functional testing of the FSW. The majority of these qualification tests will be conducted by the FSW Test Team on the FSW Testbed under ambient conditions. Once the qualification tests have been passed, further testing under non-ambient conditions is the responsibility of the Integration and Test Team. See Sections 7 and 8.
Qualification testing is performed to verify that FSW requirements have been satisfied per the LAT FSW Specification. To confirm that this set of requirements has been met, the testing process produces a set of documentation: the FSW Test Plan (this document), the FSW test procedures, and the FSW Qualification Test Results Report and results packages (discussed later in this document). 

3.3 Roles and Responsibilities

The following groups are involved in testing the Flight Unit Release:
· T&DF System Test Group, composed of the:

· FSW Test Team

· Electronics Test Team
· FSW Development Team

· T&DF Electronics Engineering Team

· LAT Project Management 

· LAT Systems Engineering

The FSW Test Team is principally responsible for the functional and qualification-level testing of specific LAT FSW tasks or functions. 
The FSW Development Team is principally responsible for unit-level testing of particular software packages during development. The FSW Development Team may also advise the FSW Test Team on strategies for functional testing, and provide inputs and/or test scenarios during all stages of testing.

Representatives of the Electronics Test Team or T&DF Electronics Engineering Team may also provide input for testing.
The FSW Test Team and its relationship to the other LAT development groups is shown in Figure 1. The FSW Test Team is made up of the FSW Test Team Lead and multiple FSW Test Engineers.

Table 2 summarizes the roles and responsibilities of the individual members of the FSW Test Team and of other groups involved in development and testing activities leading to the Flight Unit Release to I&T.

Figure 1
Organization Chart for the FSW Test Team and Related Groups at SLAC
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Table 2

Roles and Responsibilities During FSW Flight Unit Qualification Testing

	Role
	Responsibilities

	LAT Project Management and DAQ Manager
	•
Review and approve FSW SRS, FSW Test Plan, and FSW qualification test procedures.

•
Co-Chair Test Readiness Review session. Evaluate progress on Flight Unit FSW and authorize Flight Unit entry into Qualification Testing phase.

•
Co-Chair the Post QualificationTest Review and evaluate whether the Flight Unit has passed its qualification tests, or specify additional steps required before such certification is granted.

	LAT Systems Engineering
	•
Review and approve FSW SRS and FSW Test Plan.

•
Attend Test Readiness Review session. Evaluate progress on Flight Unit FSW. Attend the Post Qualification Test Review.

	Performance and Safety Assurance
	•
Review and approve FSW Test Plan and qualification test procedures.

	FSW Test Team Lead
	•
Plan and implement the FSW Test Program according to this Test Plan.

•
Review and approve FSW Test Plan and qualification test procedures.
•
Develop and maintain the FSW Flight Unit Requirements-to-Test traceability matrix.

•
Coordinate all FSW Flight Unit qualification testing activities.

•
Define and develop FSW Flight Unit qualification test scenarios and procedures to fully demonstrate that documented FSW Flight Unit requirements were implemented correctly and completely. 

•
Attend the Test Readiness Review. Report on the progress of unit, function-level, and Flight Unit Release candidate testing, and advise TRR attendees on readiness to begin qualification testing.

•
Sign off as approving each FSW Flight Unit qualification test procedure and test execution product.

•
Consult with FSW Development Team on unit and function-level testing prior to the Qualification Testing phase.

•
Define and advocate for adequate test staff and schedule to ensure the highest quality FSW test program. 

•
Train Test Team members and facilitate their productivity.

•
Provide FSW testing logs at FSW Testbed workstations and direct the FSW Test Team and FSW developers in logging procedures such that every change to the FSW test configurations is documented effectively.

•
Attend Post Qualification Test Review session, and report on results of each Qualification Test Session.
•
Assure that each FSW requirement for which the  FSW Test Team is responsible has been traced to particular tests and completely and successfully tested. 

•
Assure that the end product system meets the requirements defined in the Software Requirements Specification (SRS) and LAT-SC Interface Control Document (ICD).

•
Provide support to the Integration and Test Team for additional testing, once I&T has accepted the Flight Unit Release. 

	FSW Test Team Engineers
	•
Contribute to FSW requirements accuracy & completeness.

•
Actively participate in FSW development and test walk-throughs.

•
Actively and routinely contribute to FSW Test end-product quality and risk mitigation.

•
Archive test products.

	Trigger and Dataflow (T&DF) Electronics Engineering
	•
Construct and deliver operational hardware components of FSW Testbed. 

	Trigger and Dataflow (T&DF) Electronics Engineering Team Lead
	•
Attends Test Readiness Review and Post Qualification Test Review sessions.

	Electronics Test Team Lead
	•
Perform testing of Flight Unit hardware components, as specified in [23].

•
Set up and maintain configuration control of FSW Testbed test facilities while FSW Test Team makes use of the Testbed.

•
Set up and maintain scheduling for each resource.

•
Ensure that all documentation pertaining to the FSW Testbed facilities is up-to-date and available to facility users.

	FSW Development Team
	•
Conduct unit-level testing of Flight Unit FSW packages. 
•
Consult with FSW Test Team on the design of function-level tests.
•
Provide version control for software test procedures and FSW Testbed configuration files.

•
Develop, test, install, document, and maintain FSW development and testing tools.

•
Provide a telecommand and telemetry database to support Flight Unit functionality.

	FSW CCB (Jeff Fisher, JJ Russell, Anthony Waite)
	•
Review and approve FSW SRS, FSW Test Plan, and qualification test procedures.

	FSW Manager
	•
Attends Test Readiness Review and Post Qualification Test Review sessions.

	Integration and Test Team
	•
After accepting Flight Unit Release, continue integration and testing activities. 


3.4 Testing Approach and General Issues

3.4.1 Types of Testing Performed

See Section 4.2 above.
3.4.2 Test Procedures and Test Reports
FSW unit tests will be documented in the SDF (Software Development Folder) or PTD (Package Test Directory) directories of the appropriate software package(s). FSW functional tests will be documented in the AstroRT and LATTE test repositories. Hardware development and integration testing procedures for Flight Unit hardware components will be written, stored, and version controlled by the T&DF Electronics Testing Team, as discussed in [23]. 

Detailed procedures will be prepared for FSW qualification testing. As required by the LAT Configuration Management Plan [6], these procedures will be written by the FSW Test Team Lead, and reviewed and approved by the FSW Test Team Lead, DAQ Manager, FSW Team Lead, a representative of Performance and Safety Assurance, and representatives of other LAT subsystems as necessary prior to commencement of these tests. 
Results of FSW unit and function-level testing will be stored in package SDF directories, in PTD directories, in the LTX test repository, and in LATTE and AstroRT test repositories. See Sections 4.5.5, 5, and 6 below for additional information. Summaries of test results will also be published on the FSW Web site.
3.4.3 Communication During FSW Flight Unit Testing
3.4.3.1 Issue Tracking

An Issue Tracking System will be used by the FSW Development Team and FSW Test Team to report problems and/or recommended changes resulting from unit, functional, and qualification testing of the Flight Unit FSW. Use of the Issue Tracking System to report hardware issues is covered in [23].
During testing, problem reporting will be handled in the following fashion:

•
Issue Reports will be written for any problem with the FSW; the Software Requirements Specification, an ICD, or other documentation; FSW Testbed laboratory hardware; and development or testing tools such as simulators, ground system software, and ground system databases or displays.

•
The Issue Report will be entered into the Issue Tracking System.

•
The FSW Test Team Lead and FSW Development Team Lead will decide if the Issue warrants an investigation, or modification to the Flight Unit FSW requirements or design, another product, and/or the test procedure(s).

•
If the Issue Report is rejected by the FSW Test Team Lead or FSW Development Team Lead, the Issue will be flagged as cancelled.

•
If the Issue is accepted by the FSW Development Team Lead, changes will be assigned to a FSW developer to be implemented as needed. FSW changes will need to be approved by the FSW CCB for changes occurring during Flight Unit development and after Qualification Testing begins.

•
FSW changes will be unit tested prior to delivery to the FSW Test Team.

•
The FSW Test Team will verify that changes made in response to an Issue Report were implemented correctly and satisfy the intent of the Report.

•
The FSW Test Team will perform an appropriate level of regression testing to ensure other systems are unaffected.

•
The FSW Test Team Lead and FSW Development Team Lead will convene to review changes and test results, and accept or reject the changes.

•
If the changes are accepted, the Issue will be closed; otherwise, the Issue will remain open.

•
The status of all Issues will be available on-line.

3.4.3.2 Routine Status Reporting

During all phases of the Flight Unit FSW testing process, test progress will be planned, tracked and evaluated. 

The FSW Test Team Lead will generate a baseline time-phased schedule based upon anticipated deliveries of integrated FSW and Testbed elements, plus other driving milestones. The actual work progress will be monitored continuously such that any deviations from the planned schedule are dealt with immediately by taking appropriate corrective actions. Plots of planned versus actual work progress will be routinely generated in order to indicate the work progress trends during the testing period.

A status spreadsheet will be created that lists all testing activities and actual completion dates for such activities.
Requirements verification status will also be tracked. The FSW Flight Unit Requirements to Test Verification Matrix will be used to monitor the verification status of each requirement (passed or failed). A time-dependent requirements verification plot of the total number of requirements and total number of requirements verified will be generated to show the status of requirements verification. This information will be published on the FSW Web site.
3.5 Testing Environment

Unit and function-level tests will be written and executed on developer workstations and on the FSW Testbed. Qualification testing will be conducted on the FSW Testbed under ambient conditions. The FSW Testbed is depicted schematically in Figure 2.
3.5.1 FSW Code Versioning

The FSW Development Team maintains a code versioning tool called CMX, which tracks source files as they are checked in and out (with transaction logging), and defines lists of files and file/versions within the library. Only source files are tracked. Object files, libraries, shareables, executables, etc. are regarded as derived objects. Development proceeds by users checking out source files into private areas, modifying them, testing the changes then checking them back in. In addition, CMX handles module management/building in the FSW cross-platform compilation environment.

3.5.2 Spacecraft to Instrument Interface Simulator (SIIS)

The Spacecraft to Instrument Interface Simulator (SIIS) will be used to develop and test the Flight Unit FSW. This simulator represents significant portions of the interface between the LAT and the spacecraft. The SIIS represents one side of the SC C&DH and Electrical Power Subsystem (EPS), with a 1553 bus, LVDS Science Interface, discrete signal monitors and controls, and the ability to generate and receive signals and supply power to one side of the redundant LAT. The SIIS shall be used to validate all electrical interfaces between the SC and LAT.
3.5.3 Front End Simulator (FES)

The Front End Simulator permits testing of static and dynamic properties of the LAT T&DF system. The FES is an assembly of Front End Simulator electronics boards controlled by PCs. On the input side, the PCs define the signal patterns to be pulsed to the T&DF system, while on the output side, the boards manage the time sequenced distribution of data and the data presentation to the T&DF subsystem trigger and data cables. The FES is used to prove that data can properly flow from the front-end cables to the CPUs, and to measure throughput of the T&DF system as a whole.
The FES system is described in detail in [24]. In summary, a data source generator produces both simple patterns and, via GlastSim, Monte Carlo-generated physics data patterns. An offline data munger processes the output of the data source generator into a format suitable for FES PC consumption. Data is transferred to the local disks of the FES PCs, where online data mungers move the data from the disk to the FES tower/subsystem simulator boards. The boards use the data to simulate both the sensor side and cable side of the LAT Front-End Electronics.

A User System Control provides a user interface to the entire system, allowing testers to simulate anywhere from one contributor up to a number of contributors representing the entire LAT.
Figure 2
Testbed for Flight Unit FSW Testing
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3.5.4 Testbed Hardware Versioning

The T&DF System Test Group Lead is responsible for configuration control of the FSW Testbed, and details on the approach to tracking Testbed hardware are provided in [23].
3.5.5 Testing Tools: LTX, LATTE, and AstroRT
The FSW Testbed will include one or more PCs on which LTX and LATTE can be run, as well as other EGSE such as the SIIS, and its associated PC running AstroRT.

LTX is used primarily for the kinds of unit testing described in Section 5. LATTE and AstroRT are used for functional and qualification testing described in Sections 6 and 7. Figure 3, Figure 4, and Figure 5 illustrates how LTX, LATTE, and AstroRT are used to create and run tests, analyze test results, and provide test data for publication on the Web.
3.5.5.1 LTX

LTX is a tool designed to create, edit, execute, and save tests written by the LAT flight software group. The tool is implemented entirely in Python and XML and utilizes some shell scripting. The MySQL database system is used to archive test results and products. The syntax of the commands and various other features are based heavily on the FSW code versioning tool, CMX. 
The LTX system is documented in [26].

Figure 3

Use of LTX During FSW Testing
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3.5.5.2 LATTE

LATTE is a comprehensive test suite geared towards system-level testing. LATTE is also implemented in Python and XML, and makes use of MySQL. The FSW Test Team will prepare LATTE test scripts to be executed as part of functional and qualification testing.
Figure 4

Use of LATTE During FSW Testing

	
[image: image5.emf]LATTE

“run”

Test/Analysis/Display

Script

(Python)

Input

Target

System

Configuration File

(XML)

MySQL

database

Run

Device Connection

Test File

Storage

LATTE 

GUI

or

COMMAND 

LINE

W W W

Server -

Side Tools

HTML Test 

Report




3.5.5.3 AstroRT

The SIIS is controlled using AstroRT software developed by Spectrum Astro, Inc.  The FSW Test Team shall prepare AstroRT test scripts to be executed as part of functional and qualification testing.
Figure 5

Use of AstroRT During FSW Testing

	
[image: image6.emf]Test

Script

(AstroRT)

Database

SIIS

Test File

Storage

AstroRT

GUI

W W W

Server-

Side Tools

Interface Under 

Development

LAT

AstroRT

Engine




Unit-Level Testing

The most basic level of testing is performed during the Flight Unit development process. Individual FSW Development Team members perform this testing and are responsible for choosing methods to achieve test results in accordance with the following criteria:

· Verify error (and warning) free compilation and code integrity. 

· Verify adherence to the specified programming standards of the GLAST-LAT SDP.

· Verify proper function execution to include control flow, logic paths, error detection, and error recovery.

· Verify compliance with processing accuracy requirements.

· Verify compliance with memory and timing requirements.

· Verify ability to accept and properly process the complete design range of input data and parameters.

· Verify output functions and associated formats.

Test code, test descriptions and test vectors are maintained with each package in a parallel directory called the Package Test Directory (PTD). A log of package activities not restricted to, but including, test activities is maintained in the package’s Software Development Folder (SDF). A test is typically an executable program using “dummy” software elements where necessary to enable closed loop execution of the software element under test.

In “white box” testing, a test executable is used as a framework to step through the code in detail. The manufacturer supplied “debugger” can be utilized as required to setup inputs, display results, verify logic paths, and troubleshoot any functional errors. “White box” testing will be performed as required to satisfy any “path coverage” requirements, but is not required to be repeatable.
In “black box” testing, the test executable runs uninterrupted, exercising the Package Interface. Both normal and fault scenarios are tested, as are any timing and/or memory constraints. “Black box” tests are required to be repeatable.

To satisfy the repeatability requirement, “black box” tests are captured into the LTX system. Capturing the results into persistent storage makes them available for review or audit as required. Development of the LAT FSW Test Executive is part of the LAT FSW coding task.

Development testing may encompass, but is not limited to, FSW units described in Table 3.
Table 3

LAT FSW Packages

	SIU and EPU Code 
	

	Package Name
	Description

	PBS, PBI
	Processor Basic Services and Includes

	CMX
	Code Management Tool Extra

	CTDB
	Command and Telemetry Data Bus

	CTS
	Command and Telemetry Service

	FILE
	File Management Package

	MSG
	Systematic error-code generator

	ITC
	Intertask Communications

	LIM
	LAT Instrument Manager

	LSW
	Software Watchdog Timer

	LCBD
	LAT LCB IO Driver

	LCS
	LCB Service

	SIB
	Spacecraft Interface Board

	LATC
	LAT Configuration

	LCI
	LAT Charge Injection

	LDF
	LAT Diagnostics Framework

	LFS
	LAT File System

	LHK
	LAT Housekeeping and Low Rate Science

	LPA
	LAT Physics Acquisition

	LRA
	LAT Register Access (for configuration of PDU, CRU, and EBM)

	LSM
	LAT Spacecraft Messages

	LTC
	LAT Thermal Control

	PIG
	Power-on/Initialize GASU

	VXW
	VxWorks Operating System

	
	

	Boot Code
	

	Package Name
	Description

	PBC
	Primary Boot Code

	SBC
	Secondary Boot Code

	RAD750
	RAD750 CPU Board

	MEM
	Memory Load and Dump

	CCSDS
	CCSDS formatter

	ELF
	ELF dynamic loader

	ZLIB
	ZLIB integration

	CTDB
	1553 driver

	
	

	Other Support Code

	Package Name
	Description

	EXPAT
	EXPAT (XML parser to support configuration by file)

	XLX
	XML <-> LATC Translator

	
	


4 Function-Level Testing

Function-level testing is performed throughout the coding process for the release. As Flight Unit development proceeds, functional testing exercises increasingly complete, complex, and interdependent sets of software packages. The goal is to ensure that components of functionality defined in Section 7 are being developed and operate correctly. As the Flight Unit Release approaches, functional tests increasingly resemble qualification tests. Software development and functional testing continue until a Flight Unit Release candidate has been produced. A development freeze is announced, and Flight Unit Candidate Testing is performed to determine whether the Flight Unit Release candidate can proceed to the qualification testing phase.
Function-level tests are written by the FSW Test Team, with general input on the strategy for testing provided by the FSW Development Team. The tests are performed by FSW Test Team Engineers.
Functional testing proceeds in multiple stages, ending with the Flight Unit Candidate Test.

4.1 Stage One of Functional Testing
During this stage, the FSW Test Team will test integrated groups or strings of related software packages. Each individual software package shall have successfully completed unit testing. Test methods shall be selected to achieve results in accordance with the following criteria:

· Verify that the inter-package communication functions transfer control and data/ parameters correctly, and transactions are within allowable timing constraints.

· Reaffirm the mathematical accuracy and processing abilities of the individual software packages.

· Verify the operational environment interfaces of the software packages where applicable.

Testing shall utilize test cases, employing the same techniques used in unit testing. The testing shall include incremental integration of software packages as each package is verified. As related software packages complete verification, the integration testing of these related software packages to form larger functional units shall be performed. Such testing shall verify the ability of the functional units to perform assigned functions correctly when executed within the framework of other operational components. Incremental integration shall begin with one functional unit and proceed to encompass the entire collection of units. Even though a collection of functional units is involved, the testing shall concentrate on the exercise of the single unit being tested and its interfaces with other operational units.

4.2 Stage Two of Functional Testing
In Stage Two, the FSW Test Team makes heavy use of LATTE and AstroRT scripts. AstroRT scripts are used to drive the SIIS and test interactions between Spacecraft FSW and LAT FSW, particularly around command and telemetry delivery and verification, and LAT initialization and re-initialization. LATTE scripts are used to drive LAT FSW in its interactions with the FSW Testbed, particularly in configuring LAT subsystems in preparation for event data delivery and filtering, and in calibrating the LAT.

The Team will test integrated sets of software that represent a complete software system. Such systems shall have successfully completed unit testing and the first stage of functional testing. The FSW Test Team shall exercise the software using data in an operational environment to that is as close as possible to the flight operational environment verify its ability to perform the required functions in both nominal and non-nominal modes. Testing methods shall be selected to achieve results in accordance with the following criteria:

· Reaffirm the ability of the software to reproduce the unit and previous function-level results.

· Verify software element and software environment interfaces.

· Verify compliance with the requirements for system level functions, timing relationships, and processing accuracy.

· Verify closed loop software operation.

One of the critical goals of this testing is software/hardware integration. The first step is to verify proper operation of individual software packages that interface directly to the external environment (I/O drivers). After the I/O driver software packages are verified, the functional utilization of the interface in larger software systems is tested. The final step shall be to execute a typical sequence that utilizes the major capabilities designed into the software system. The results of this test sequence shall be predicted, and compared to the actual results. Successful execution and verification of a match with predicted results shall demonstrate successful completion of “informal” functional testing by the FSW Test Team. 
Test cases and test results shall be documented in the LATTE and AstroRT test repositories and published online.

4.3 Flight Unit Candidate Testing
The Flight Unit Candidate Test is the buyoff that the flight software meets its formal requirements. Because of the complexity of the LAT, this test is not as easy to define as for other programs. The Flight Unit Candidate Test is actually a series of functional tests, performed once the FSW Development Team has produced and identified a candidate build. Together, these tests informally confirm that the flight software the Development Team claims is a Flight Unit candidate does indeed meet the requirements as specified in the Software Requirements Document and provides the components of functionality defined in Section 7.
5 Flight Unit Qualification Testing

The Flight Unit development process ends when the Flight Unit Candidate Test has been passed and a candidate Flight Unit Release has been identified. At that point, the Test Readiness Review session is held and, if a decision to proceed is made, the qualification testing process begins.
Qualification testing addresses sets of integrated software units that perform specific tasks or functions. Qualification testing will target specific system- level functions and operational scenarios. Based on the FSW specification, the following functional components have been identified.

1. 1553 bus interface 

2. LAT housekeeping and low rate science data collection

3. Wideband telemetry (science data interface to vehicle)

4. Additional digital signals to and from the SC interface

5. CPU-to-CPU communications (SIU/EPUs)

6. Instrument internal command, configuration and configuration readback

7. Event filtering

8. FSW and LAT initialization including EEPROM management

9. LAT pointing calculations

10. GRB handling/repointing requests

11. Additional science processing

12. Operational modes

13. LAT diagnostic and calibration modes

14. LAT Thermal Control System (TCS)

The qualification tests based on these functional components are defined in Appendix A.
5.1 Flight Unit Qualification Testing Process
Qualification testing consists of the execution of a pre-defined set of qualification tests when the Flight Unit Release candidate has been issued.  The qualification tests are a formally defined subset of the functional tests performed to identify that candidate. Execution of all qualification tests will take place over the course of multiple days; the set of qualification tests will be executed in several Qualification Test Sessions.

The qualification testing process will also involve resolution of all open action items and final releases of the Software Design Document and the Software Version Description Document. 

5.1.1 Formal Meetings During Qualification Testing

The Test Readiness Review (TRR) and Post Qualification Test Review (PQTR) are organizational meetings that shall be held at the appropriate times to inform all parties about the testing that is to be accomplished (TRR) or has been completed (PQTR). These meetings are described below.

5.1.1.1 Test Readiness Review

The TRR meeting is conducted to allow participants to confirm the readiness of all test and support items and all participating personnel before the Qualification Test Sessions are started. The TRR is chaired by the DAQ Manager and LAT Project Management (or a designated representative). The DAQ Manager and LAT Project Management shall review the test management plan, including a summary of the tests to be performed; a Software Version Document (SVD), defining the software release being reviewed; a LAT FSW Design Document/Report capturing, at a minimum, the high level design and including a draft of the detailed design; a list of open Issue Reports; a report of open work with a completion plan. The TRR attendees shall include: a NASA representative, the T&DF System Test Group Team Lead, the FSW Test Team Lead, the FSW Development Team Lead, a representative from the T&DF Electronics Engineering Team, other members of the FSW Development Team, and representatives of other groups as required.

The TRR shall address any issue that affects the readiness of the Flight Unit Release candidate to undergo testing. The proposed test procedures and test schedule shall be reviewed in detail. If the DAQ Manager and LAT Project Management are in agreement that all is ready, then authorization is given to proceed with the Qualification Test Sessions.

5.1.1.2 Qualification Test Sessions
The FSW Test Engineer assigned to each test or set of tests shall execute the test procedures and analyze the results. Any defects found in the flight software, the documentation, or the Testbed hardware shall be documented as Issue Reports. The Test Engineer shall write a Test Report summarizing the test results and operational insights gained while running the test.  A Post Qualification Test Review shall be conducted after all Qualification Test Sessions are complete to verify that the results reported are complete and valid. The Pass/Fail status of each requirement tested shall be recorded.

5.1.1.3 Post Qualification Test Review

The PQTR meeting is conducted to allow participants to confirm that the tests have been successfully completed, or to specify what is required before such certification is granted. The PQTR is chaired by the DAQ Manager and LAT Project Management or by a designated representative. The PQTR shall be held within 10 working days after the last Qualification Test Session has been completed. The PQTR attendees shall include: a NASA representative, the T&DF System Test Group Team Lead, the FSW Test Team Lead, the FSW Development Team Lead, a representative from the T&DF Electronics Engineering Team, members of the FSW Development Team, and representatives from other groups as required. The PQTR attendees shall review the Test Results Package along with all problem/failure reports generated from the tests.

During the PTR, the FSW Test Team Lead shall summarize the tests that were run, the status of the FSW requirements, and the status of all Issue Reports. The Test Team Lead shall also describe any specific FSW testing that could not be performed.

5.1.2 Actions

When all qualification test procedures have been executed and the results have been reviewed at the PQTR, an action must be taken.

5.1.2.1 Action upon Success

If upon evaluation, the DAQ Manager and LAT Project Management find at the PQTR that the Flight Unit Release has successfully passed its qualification tests, the Flight Unit Release shall be deemed accepted. The FSW Test Team can then proceed with closure for the Flight Unit Release, including final release procedures and training, as required.

5.1.2.2 Action Upon Failure

If after evaluation, the DAQ Manager and representatives of LAT Project Management find at the PQTR that the Flight Unit FSW has not passed its qualification tests, the FSW Test Team shall be so notified and will be provided with a description of deficiencies. The FSW Test Team shall then consult  with the FSW Development Team, and proceed with further development and refinement and produce a revised version of the Flight Unit FSW. The revised version shall be retested (with a sufficient level of regression testing as determined by the FSW Test Team Lead) and re-evaluated.

5.1.3 Products of Qualification Testing

At the conclusion of the qualification testing process, the FSW Test Team Lead shall create a Qualification Test Report summarizing the configuration of the FSW laboratory, the tests executed, the requirements tested, the pass/fail status of each requirement, and the status of all Issue Reports.

After the Qualification Test Sessions are complete, relevant data will be labeled and collected in a Test Results Package.  This package shall be used to archive test results.  The package shall also be used to troubleshoot problems that arise when testing later versions of the FSW. 

The Test Results Package will consist of electronic copies of computer files and data generated as a result of testing, which will be archived as disk files, including:

· The Qualification Test Report.

· Test procedure(s) and related sub-procedures.

· Annotated copies of data plots, screen snaps.

· Configuration files (simulator input files, plot configuration files, etc.).

· Input data files such as stored command loads, telemetry format table loads, etc.

· Dump files.

· Complete event logs produced by the simulator and the test ground systems.

5.1.3.1 FSW Qualification Test Product Control

Completed Qualification Test products will utilize the current LAT CM process, including the FSW CCB for FSW-related products. An informal CM system will be used to archive interim test products. This system will use write-protected directories on the FSW servers. Interim products will be copied to these directories by the FSW Test Team Lead and will be archived to CDs weekly. Test product backups will occur weekly via normal backups of the FSW server. 
6 Carrying FSW Testing Into Integration and Test

The FSW Development and Test Teams are working closely with the I&T Team to ensure that a smooth handover of the FSW into the LAT-level system integration and test environment is possible.

6.1 FSW Test Team Support After the Flight Unit Release
After the FSW Test Team has completed its work, and I&T has accepted the Flight Unit Release of FSW, I&T will continue with system-level testing under increasingly flight-like conditions. The FSW Test Team will conduct its qualification tests in an ambient environment on the FSW Testbed. After it has accepted the Flight Unit Release, the Integration and Test Team will continue its own testing process in Thermal Vacuum and Beam Test environments.
The FSW Development Team and the FSW Test Team will continue to provide support to I&T after it has accepted delivery of the Flight Unit and begun Thermal Vac and Beam testing.
Appendix A – Qualification Test Descriptions
For each of the functional components defined in Section 7, a specific suite of function-level tests will be performed by the FSW Test Team Engineers for informal buy-off by the FSW Test Team Lead. See Section 6 on page 19.

After the Test Readiness Review has been passed, and the formal Qualification Testing process has begun, the qualification tests listed in Table 4 are conducted. These tests are a formalized extension of specific functional tests performed to identify a Flight Unit Release candidate; they are performed to conclusively verify that the FSW provides the components of functionality defined in Section 7, and meets the requirements defined in the Software Requirements Specification and the LAT-SC ICD.
Table 4

Qualification Test Descriptions

	Test #
	Test
	Description

	001
	1553 Interface Test
	This test shall first verify the electrical characteristics of the LAT 1553 interface, then demonstrate (in conjunction with a spacecraft simulator) that the LAT can exist on the bus without responding to messages directed to other remote terminals. Next, processing of telemetry requests shall be demonstrated, followed by exercise of the command interface to the LAT, and verification that all commands and command data are correctly interpreted. Commands need not be executed to successfully carry out this test. Timing measurements for the standard message traffic shall also be performed.

	002a
	Command Functional
	This test shall verify that all LAT commands are exercised through the 1553 interface, with command execution and completion status reported in telemetry when command verification features are switched on. The test shall also verify that the SIU FSW validates commands and command parameters prior to command execution. Finally, the test shall verify that the SIU executes individual commands received directly from the SC or executes preprogrammed command sequences (block commands) when triggered by a command from the SC, and can properly execute single commands and block command items in an interleaved or serial fashion, as necessary.

	002b
	File Management and Memory Upload and Dump Verification
	This test shall verify that the FSW can, on command, report file system status, create and delete file directories, dump directories, delete files, copy files (on a single SIU or EPU, and from an SIU to an EPU), dump files, and load files during (SIU) primary boot. This test shall also verify the capability to successfully upload data into a specified block of SIU or EPU memory and verify the correct memory contents. This test shall also demonstrate the successful dump of the contents of a specific block of SIU or EPU memory. Finally, the test verifies that the event filter can be reprogrammed by choosing or replacing files in the file system.

	003
	Narrowband Telemetry Verification
	This test shall verify the successful collection, sampling rate, formatting, downlinking and transformation into user units of housekeeping and low-rate science data, alert telemetry, and diagnostic telemetry. If telemetry content is specific to a particular mode (i.e., boot mode or standard operation mode), this test shall verify the correct content as a function of mode. 

	004
	Wideband Telemetry Verification
	This test shall verify the correct formatting of events and associated supporting data, followed by transmission through the external LAT interface in a form that may be correctly decoded.

	005
	Vehicle Signals Interface Verification
	This test shall verify the timing and processing of all signals from the Spacecraft, as defined in the LAT-SC ICD [28]. 

	006a
	SIU/EPU CPU-to-CPU Communications Functional Test
	This test shall verify the LATp communications protocol for sending and receiving information between the CPUs, including timing, acknowledgments and other transport level functions.

	006b
	EPU Internal Configuration Test
	This test shall verify that the SIU can configure each EPU as desired via the CPU-to-CPU communications protocol and receive the necessary information back to verify the configuration. This test shall verify the correct transmission, decoding and reply sequence for each configuration message between the SIU and the EPU(s). 

	007
	T&DF, TKR, CAL, and ACD Internal Configuration Test
	This test shall verify the ability of the SIU to configure the T&DF, TKR, CAL, and ACD subsystems as desired and read back the necessary configuration information to completely determine each subsystem’s configuration.

	008a
	Event Filtering – Reception of Events and Verification of Filtering Algorithm
	This test shall confirm that fully assembled, properly formatted events are received directly into EPU memory, where they can be processed by EPU FSW. This test shall also verify that the on-board filtering algorithms running on the EPU(s) achieve the purity/efficiency ratios predicted by Monte Carlo. The test shall include running a specific set of scenarios derived from Monte Carlo simulations with known, expected results. The filtering algorithms must provide acceptable results for each scenario in order to pass this test.

	008b
	Electronic Calibration
	This test shall verify the end-to-end processing of a known pattern of data from the LAT electronics to the EPUs. A pre-determined charge signal shall be injected into the electronics at the detector interface and the resulting event data shall be compared to expected values. This test shall include at least 3 scenarios for coverage of various readout paths (to verify redundancy) and readout modes (to verify event data structures).

	009a
	FSW and LAT initialization
	This test shall verify that the SIU and EPU(s) can correctly boot themselves, report system errors during primary boot in housekeeping telemetry, establish a reference state based upon information in nonvolatile storage, signal boot status over a discrete line to the SC (SIU only), and then power and initialize the remaining LAT subsystems in an orderly manner, resulting in a known reference state at the end of the process. This state shall be verified through internal configuration read back and LAT telemetry. The test shall also verify that the SIU and EPU(s) can write a boot error log and return the contents of the log in telemetry, on command.

	009b
	FSW and LAT re-initialization and recovery
	This test shall verify the mechanisms for recovery should the LAT or one of its processors become non-operational or lose communications, either internally or with the SC. This test shall include a number of scenarios: orderly shut-down and re-initialization of LAT when communications with SC are lost, reboot of the SIU on receipt of the SIU_RESET discrete signal from the SC, re-initialization of the SIU by the watchdog function, re-initialization of one or more EPUs by the SIU or when the EPU watchdog function is triggered.

	010a
	LAT Pointing Calculations
	This test shall verify that the SIU FSW can promptly transform pointing vectors reconstructed from event data between the LAT relative coordinate system and the celestial coordinate system. The transformation shall be based on GPS, attitude and orbit information provided by the S/C and the event time tag read in with each event. Using simulated events and simulated SC time/attitude data, the test will demonstrate the accurate reconstruction of the Monte Carlo-provided primary particle vector in celestial coordinates.

	010b
	LAT Time Signal Processing
	This test verifies that the LAT FSW correctly processes the 1 Hz GPS time message from the SC to provide a mapping of external time to the LAT internal 20 MHz clock, and that the resulting mapping allows event time measurements to be accurate to within 10 μsec of SC time.

	011
	GRB Handling/Repointing Requests
	This test shall verify that the SIU FSW correctly handles and responds to GRB alerts and repointing requests from both the ground and the GBM (via the SC). Verification shall include a variety of scenarios including repointing enable, different operational modes and conflicting requests. The test shall verify that the SIU FSW responds to these alerts and requests properly, rejecting the appropriate ones and forwarding repointing requests to the SC for the other cases.

	012a
	Additional Science Processing – GRB detection and location
	This test shall verify the SIU FSW’s ability to monitor for and detect GRBs in the LAT science data, with default GRB detection criteria adjustable by ground personnel. The test shall involve a variety of simulated observing scenarios based on Monte Carlo data with signal concentrations in various portions of the FOV. The test shall verify the detection sensitivity and location accuracy requirements for the LAT. The test shall also verify that, when a GRB is detected, the SIU FSW automatically applies a set of looser event filter parameters, allowing more events to be collected for a limited period of time. Finally, this test shall verify the SC notification function and timing requirement.

	012b
	Additional Science Processing – Repointing Logic
	This test verifies the LAT’s internal logic for requesting repointing for LAT-detected GRBs. Verification shall include a variety of scenarios including repointing enable, different operational modes and conflicting requests. The test shall verify that the SIU FSW responds to these events properly, forwarding repointing requests to the SC, sending a command indicating the time of GRB detection, and (for a LAT-detected burst alert) issuing a LAT closeout message to the GBM.

	013a
	Operational Modes – Safe Modes
	This test shall verify that the SIU FSW can perform the correct transition of the LAT into Safe Mode upon command, can properly execute the Safe Mode algorithms, and can perform the subsequent recovery via Engineering Mode. It shall also verify the correct response to SAA entry commands and subsequent recovery.

	013b
	Operational Modes – Science Modes
	This test shall verify correct transitions between the various science observation modes and proper operation of the LAT in those modes. The test shall involve all observation modes: Sky Survey Mode (non-rocking as well as various rocking profiles), Pointed Observation Mode, and Repointed Observation Mode.

	014
	LAT Diagnostic and Calibration Modes
	This test shall verify that the SIU FSW properly transitions to Diagnostic and Calibration Modes upon command, then properly executes the requested diagnostic or calibration algorithms.

	015
	LAT Thermal Control System (TCS)
	This test shall verify that the SIU FSW can properly execute the algorithms of the TCS implementation, and that the TCS implementation successfully maintains the LAT within thermal limits. 

	016
	LAT Event Performance Monitoring and Operations
	This test shall verify that the FSW operates properly in every Science Mode, monitoring event data for integrity, tracking changes in event and detector statistics, and generating a report of any detected anomalies.


Appendix B– Flight Software Requirements Test Verification Matrix
See LAT-SS-00399, “Flight Software Requirements Specification,” for more information on requirements, and for the list of the documents referenced in the table below. 
Note: Verification methods are T = Test, A = Analysis, I = Inspect, S = Simulation
Table 5

FSW Flight Unit Requirements to Test Verification Matrix
	Req't #
	Title
	Summary
	Verif. Method
	Test

	5.2
	Hardware Interfaces
	
	N/A
	N/A

	5.2.1
	Hardware Interfaces Internal to the LAT
	
	N/A
	N/A

	5.2.1.1
	EPU-SIU Interface
	[4] (5.3.4, 5.3.5)

The EPU FSW shall communicate with the SIU via a custom CPU-to-CPU serial message protocol described in [18] – [23].
	T
	006a

	5.2.1.2
	Interface from the Event Builder
	[Derived]

The EPU FSW shall receive fully assembled events directly into EPU memory from the Event Builder formatted according to the custom hardware and software protocols defined in [18] – [23].
	T
	008a

	5.2.1.3
	Science Data Interface to the Event Builder
	N/A
	N/A
	N/A

	5.2.1.3.1
	Science Data Rate
	[2] (3.2.5.4.1), [4] (5.4.5)

The LAT science data interface shall accommodate data transfer rates to SC storage via the Event Builder up to 66 Mbps.  
	T
	004

	5.2.1.3.2
	Science Data Volume
	[2] (3.2.5.4.5)

FSW shall send to the SC, via the Event Builder, a maximum of 104 Gbits of high rate science data in any given 24 hour period.
	T
	004

	5.2.1.3.3
	Science Data Packet Format
	[1] (3.1.2.5.1.1)  [2] (3.2.5.4.6)  [3] (5.3.3)

FSW shall format data into CCSDS telemetry packets tagged with application IDs (APIDs) in the same manner as the CTDB telemetry as specified in [7].  
	T
	004

	5.2.1.3.4
	Science Data Packet Synchronization Word
	[Derived]

Each CCSDS source packet shall be preceded with a 32-bit synchronization word (format 0xFFFFFFFF) to aid in data recovery should synchronization be lost.
	T
	004

	5.2.1.4
	Command, Configuration and Data Collection Interface to the Instrument Subsystems
	[4] (5.3.4-5, 5.5.1-3)

The SIU FSW shall communicate with the LAT instrument subsystems for the purposes of configuration and retrieval of housekeeping and low rate science data using the custom command and response hardware and software serial data protocols defined in [18] – [23].
	T
	003, 007

	5.2.2
	Hardware Interfaces with the Spacecraft
	
	N/A
	N/A

	5.2.2.1
	Command, Telemetry and Data Bus (CTDB)
	
	N/A
	N/A

	5.2.2.1.1
	Command, Telemetry and Data Bus Protocol – SC
	[2] (3.2.5.1.1)  [3] (5.3.4)  [4] (5.3.1)

The SIU FSW shall exchange commands, low rate telemetry, time messages and ancillary data with the SC C&DH across a MIL-STD-1553B bus using the MIL-STD-1553B physical layer protocol.
	T
	001

	5.2.2.1.2 
	Command Rates
	[2] (3.2.6.1.2)

The SIU FSW shall receive commands across the CTDB at a rate of up to 20 commands per second.
	T
	002a

	5.2.2.1.3 
	Data Format
	[1] (3.1.2.5.1.1)  [2] (3.2.5.4.6)

All data exchanged across the CTDB interface shall be formatted as CCSDS telecommand or telemetry packets, as specified in [7].
	T
	001

	5.2.2.2 
	Discrete Signals from the SC to the LAT
	[2] (3.2.5.3.3)

The SIU shall support up to 4 primary and 4 redundant (1 pulse and 3 level) discrete input signals from the SC for configuration and power control of the LAT. Note that due to having a cross-strapped A and B side the spacecraft can send these as 8 primary and 8 redundant signals.
	T
	005

	5.2.2.3
	Selection of Primary or Redundant Discrete Signals
	[Derived] 

Upon receipt of the appropriate command, the SIU shall transition from (or to) the primary to (or from) the redundant signals
	T
	005

	5.2.2.4
	Discrete Signals from the LAT to the SC
	[2] (3.2.5.3.4)

The SIU shall be capable of generating up to 2 primary and 2 redundant monitor signals to the SC for communicating status. Note that due to having a cross-strapped A and B side the spacecraft can receive these as 4 primary and 4 redundant signals.
	T
	005

	5.2.3
	Hardware Interfaces with the GBM
	
	N/A
	N/A

	5.2.3.1
	Discrete Signals from the GBM to the LAT
	[2] 3.2.6.5.2.1

The SIU shall be capable of receiving up to 1 primary and 1 redundant pulse monitor signals from the GBM.
	T
	011

	5.3
	Functional Requirements
	
	N/A
	N/A

	5.3.1
	Boot
	
	N/A
	N/A

	5.3.1.1
	Power-up
	[Derived]

FSW processors shall perform a primary boot in response to power-up.
	T
	009a

	5.3.1.2
	Boot from SUROM
	[Derived]

FSW processors shall perform a primary boot from RAD750 SUROM.
	D
	009a

	5.3.1.3
	Boot  with Watchdog Safeguard
	[Derived]

FSW processors shall disable the watchdog for at least 5 minutes to perform a primary boot to ensure the hardware watchdog does not activate during the primary boot.
	T
	009a

	5.3.1.4
	Resets/Reboots
	
	N/A
	N/A

	5.3.1.4.1
	Soft Reset
	[Derived]

An SIU processor shall perform a primary boot in response to an internal or external soft reset command.
	T
	002a 

	5.3.1.4.2
	SIU Reboot Signal from SC
	[2] (3.2.5.3.3)

The SIU shall respond to a discrete signal line from the SC by performing a hardware reboot.
	T
	009b

	5.3.1.4.3
	Event Processor Reboot
	[Derived]

The EPU FSW shall perform a primary reboot on command from the SIU.
	T
	009b

	5.3.1.4.4
	Reset source
	[Derived]

FSW processors shall store the source or cause of a reboot in an error log that can be retrieved after primary boot is complete.
	T
	009a 

	5.3.1.5
	Store System Errors
	[Derived]

FSW processors shall store any system errors occurring during primary boot in an error log.
	T
	009a 

	5.3.1.6
	Automatically Send Errors
	[Derived]

In addition, FSW shall include data regarding system errors occurring during primary boot in the boot housekeeping telemetry.
	T
	009a 

	5.3.1.7
	Retrieve System Errors
	[Derived] 

Upon command, the error log of system errors occurring during primary boot shall be sent to the ground via telemetry.
	T
	009a 

	5.3.1.8
	Boot Status
	[Derived]

SIU processors shall indicate boot status over the discrete interface lines. The value states of the discrete lines and their meanings are defined in [12].
	T
	009a 

	5.3.1.9
	Boot Housekeeping
	[2] 3.2.6.2.2, [4] 5.5.3

During primary boot of a unit, the FSW shall send Boot Housekeeping telemetry to the spacecraft via the CTDB as defined in [9]. Note that EPUs depend on SIUs to forward this data to the spacecraft.
	T
	009a 

	5.3.1.10
	Initiating Secondary Boot
	
	N/A
	N/A

	5.3.1.10.1
	EPU Secondary Boot
	[Derived]

At the conclusion of the primary boot, the EPU shall be commandable by the SIU to perform the secondary boot. This command may be issued by the ground and implemented via the SIU.
	T
	002a

	5.3.1.10.2
	SIU Secondary Boot
	[Derived]

At the conclusion of the primary boot, the SIU shall be commandable from the ground to perform the secondary boot.
	T
	002a

	5.3.1.11
	LAT SEU Protection
	[Derived]

The FSW shall be configure memory SECDED features.
	T
	009a 

	5.3.1.12
	LAT Memory Scrubbing
	[Derived]

FSW shall configure memory scrubbing of processor memory.
	T
	009a 

	5.3.2
	Watchdog
	[Derived]

Once booting of a unit is complete, the FSW shall provide a heartbeat to a hardware watchdog that reboots the unit if the heartbeat is not received within 10 seconds.
	T
	009b

	5.3.3
	Command Processing
	
	N/A
	N/A

	5.3.3.1
	SC Command Processing by SIU
	[2] (3.2.6.1.1.2)  [4] (5.3.1)

The SIU FSW shall receive and process LAT commands from the SC on the CTDB in the order that they are received.
	T
	002a

	5.3.3.2
	Command Execution Notification
	[Derived]

All LAT commands from the SC shall generate time-tagged telemetry notification of their dispatch for execution in the order they are received.
	T
	002a

	5.3.3.3
	Command Completion Status
	[Derived]

Additionally, the FSW shall generate time-tagged telemetry notification about their completion status (success or general cause of failure) at the time such information becomes available.
	T
	002a

	5.3.3.4
	Command Dispatch
	[2] (3.2.6.1.1.2)  

Commands from the SC shall be placed into the FSW command dispatch queue immediately upon receipt.
	I
	002a

	5.3.3.5
	Command Format
	[Derived]

The format of LAT commands shall be described in [9].
	A
	001

	5.3.3.6
	Command Execution
	[4] (5.3.2)

The SIU FSW shall be able to reconfigure and direct the operation of the instrument through a combination of direct execution of commands from the SC, or by preprogrammed operational sequences triggered by commands from the SC.
	T
	002a

	5.3.3.7
	Command Execution Sequence
	[4] (5.3.2)

Immediate (single) commands from different sources shall be capable of interleaving with other immediate (single) commands and with block commands for uploads and dumps.
	T
	002a

	5.3.3.8
	Multiple Block Commands
	[4] (5.3.2)

The FSW shall execute block commands for uploads or dumps serially (i.e., not simultaneously, not interleaved with other commands).
	T
	002a

	5.3.3.9
	Command Validation
	
	N/A
	N/A

	5.3.3.9.1
	Data Integrity Errors
	[Derived]

The SIU FSW shall validate commands prior to execution in case of an error during transmission.
	T
	002a

	5.3.3.9.2
	Parameter Validation
	 [Derived]

The SIU FSW shall validate command parameters prior to execution.

	T
	002a

	5.3.4
	Time Services
	
	N/A
	N/A

	5.3.4.1
	GPS Time Hack from SC
	[2] (3.2.5.2.1)

The LAT shall receive and process a 1 Hz GPS “time hack” on a discrete signal line, generating a correlation between the GPS time hack and the LAT internal 20 MHz clock.
	T
	005

	5.3.4.2
	GPS Time Hack Integrity Check
	[2] (3.2.5.2.1)

The LAT FSW shall perform an internal integrity check of the input GPS time hack to verify consistency with the expected internal clock behavior, reporting inconsistency to the ground.
	T
	005

	5.3.4.3
	GPS Message from SC
	[2] (3.2.6.3)

Between 500 msec and 800 msec before the GPS time hack, the SIU FSW shall receive and process a 1 Hz GPS time message from the SC on the CTDB that provides information on the relationship between the GPS time hack and external time (UTC).
	T
	010b

	5.3.4.4
	LAT Clock Correlation
	[2] (3.2.6.3)

The SIU FSW processing shall generate a mapping of external time to the LAT internal 20 MHz clock in order to accurately time stamp event data.
	T
	010b

	5.3.4.5
	Time Stamp Accuracy
	[3] 5.2.11

The time accuracy of event time measurements shall be better than 10 µsec relative to spacecraft time. The goal is to achieve time accuracy of better than 2 µsec relative to spacecraft time.
	T
	010b

	5.3.5
	Telemetry
	
	N/A
	N/A

	5.3.5.1
	Housekeeping
	
	N/A
	N/A

	5.3.5.1.1
	LAT Housekeeping Data to SC
	[2] (3.2.6.2.2)

The SIU FSW shall provide housekeeping data to the SC via the CTDB on a schedule defined in [7].
	T
	003

	5.3.5.1.2
	LAT Housekeeping Data Set
	[2] (3.2.6.2.2)

The contents of this data set shall be as defined in [9].
	T
	003

	5.3.5.1.3
	Housekeeping
	[1] (3.3.3.1), [4] (5.5.1, 5.5.3)

The SIU FSW shall acquire and monitor health and environmental data as defined in [9] and [24] from the LAT power distribution subsystem and the CAL, TKR, ACD and T&DF subsystems.
	T
	003

	5.3.5.1.4
	TKR HSK Anomaly Response
	[4] (5.5.1, 5.5.3)

The FSW shall initiate Safe Mode if TKR subsystem red limits are reached as defined in a file that can be updated via a command from the ground. Initial limits are defined in [TBD TKR Document].
	T
	003

	5.3.5.1.5
	ACD HSK Anomaly Response
	[4] (5.5.1, 5.5.3)

If ACD currents (+3.3V, +28V) exceed TBD, FSW shall place the ACD into the same protective state required when the ACD transits the SAA. 
	T
	003

	5.3.5.1.6
	CAL HSK Anomaly Response
	[4] (5.5.1, 5.5.3)

The FSW shall remove power from the CAL when red limits, as defined in onboard memory, are reached for the 16 voltages and currents for digital 3.3V, analog 3.3V, and bias 3.3V. Initial red limits are defined in [TBS CAL Document].
	T
	003

	5.3.5.1.7
	Low Rate Science
	[2] (3.2.6.2.4)  [3] (5.3.3)  [4] (5.5.2)

The SIU FSW shall acquire low rate science data (rate counters) from the CAL, TKR, ACD and T&DF subsystems for transmission to the ground via telemetry.
	T
	003

	5.3.5.2
	Diagnostic Telemetry
	[Derived]

The FSW shall send diagnostic telemetry messages as defined in [9] to the SC via the CTDB. Diagnostic telemetry is sent in response to a command and downlinked immediately while in contact with the ground. If not in contact, the telemetry is downlinked at the next contact.
	T
	003

	5.3.5.3
	Alert Telemetry
	[Derived]

The FSW shall send alert telemetry messages as defined in [9] to the SC via the CTDB. Alert telemetry is generated internally by the LAT and sent to the SC to be downlinked immediately. If not in contact, the SC recognizes the telemetry as Alert and activates a TDRSS link for immediate downlink.
	T
	003, 016

	5.3.6
	Deadtime Management
	
	N/A
	N/A

	5.3.6.1
	Deadtime during Normal Operations
	[3] (5.2.13)  [4] (5.4.10)  [Derived]

The SIU FSW shall contribute less than 0.5% to the deadtime at trigger rates less than 1 kHz and less than 5% at trigger rates greater than 1 kHz and less than 10 kHz.  (During normal operations, the trigger rate is dominated by background events, with the gamma ray component being less than 10 Hz).
	T
	013b

	5.3.6.2
	Deadtime During Gamma Ray Bursts
	[3] (5.2.13)  [Derived]

The SIU FSW shall contribute less than 25% additional deadtime over that for normal operations for bursts of less than 1 K gamma events within 1 second.
	T
	013b

	5.3.6.3
	Deadtime Monitoring
	[Derived]

The FSW shall monitor deadtime and report it in the low rate science telemetry.
	T
	003

	5.3.7
	File and Memory Management
	
	N/A
	N/A

	5.3.7.1
	Directory Create 
	[Derived]

The FSW shall receive as input from the spacecraft over the CTDB a command to create a directory that includes directory identifier, device identifier, and unit identifier.
	T
	002b 

	5.3.7.2
	Directory Delete 
	[Derived]

The FSW shall receive as input from the spacecraft over the CTDB a command to delete a directory that includes directory identifier, device identifier, and unit identifier.
	T
	002b

	5.3.7.3
	File Delete 
	[Derived]

The FSW shall receive as input from the spacecraft over the CTDB a command to delete a file that includes file identifier, directory identifier, device identifier, and unit identifier.
	T
	002b

	5.3.7.4
	File Copy within a Processor 
	[Derived]

The FSW shall receive as input from the spacecraft over the CTDB a command to copy a file within a processor that includes source file identifier, source directory identifier, source device identifier, unit identifier, destination file identifier, destination directory identifier, and destination device identifier.
	T
	002b

	5.3.7.5
	File Copy from SIU to EPU
	[Derived]

The FSW shall receive as input from the spacecraft over the CTDB a command to copy a file from the SIU to an EPU processor that includes source file identifier, source directory identifier, source device identifier, and destination unit identifier. 

Note that a separate commit command is sent to the EPU to move the file from EPU RAM into the file system.
	T
	002b 

	5.3.7.6
	File Dump 
	
	N/A
	N/A

	5.3.7.6.1
	File Dump Command 
	[Derived]

The FSW shall receive as input from the spacecraft over the CTDB a command to dump a file that includes file identifier, directory identifier, device identifier, and unit identifier
	T
	002b

	5.3.7.6.2
	File Dump Data 
	[Derived]

In response to receiving a File Dump command, the FSW shall transmit the requested file data to the spacecraft.
	?
	002b

	5.3.7.6.3
	File Dump Cancel 
	[Derived]

The FSW shall receive as input from the spacecraft over the CTDB a command to cancel the dump of a file based on unit identifier.
	?
	002b

	5.3.7.7
	File Directory Dump
	
	N/A
	N/A

	5.3.7.7.1
	File Directory Dump Command 
	[Derived]

The FSW shall receive as input from the spacecraft over the CTDB a command to dump a file directory that includes directory identifier, device identifier, and unit identifier.
	?
	002b

	5.3.7.7.2
	File Directory Dump Data
	[Derived]

In response to receiving a File Directory Dump command, the FSW shall transmit the requested data to the spacecraft including: device identifier, directory identifier, file identifier, setting of read only flag, archive flag setting, most recent update time, byte size, and number of blocks for each file and subdirectory in the originally requested directory.
	?
	002b

	5.3.7.8
	File System Status Dump
	
	N/A
	N/A

	5.3.7.8.1
	File System Status Dump Command 
	[Derived]

The FSW shall receive as input from the spacecraft over the CTDB a command to dump the file system status for a specific unit.
	T
	002b

	5.3.7.8.2
	File System Status Dump Data 
	[Derived]

In response to receiving a File System Status Dump command, the FSW shall transmit the requested data to the spacecraft including: total block size, blocks used, and blocks free for the originally requested unit.
	?
	002b

	5.3.7.9
	File Loads
	[Derived]

After entering the boot shell, the FSW processors shall be commandable by the SIU to perform file loads,. Further details are provided in [12].
	T
	002b

	5.3.7.10
	Upload Cancellation
	[Derived]

The FSW processors shall be commandable to cancel an active file load.
	T
	002b

	5.3.7.11
	Memory Pool Status Dump
	[Derived]

The FSW shall receive as input from the spacecraft over the CTDB a command to return information on the memory pool for a specified unit and memory pool.
	T
	002b

	5.3.7.12
	Memory Dumps
	
	N/A
	N/A

	5.3.7.12.1
	EPU Memory Dumps
	[2] (3.2.6.2.5)

After entering the boot shell, the EPU shall be commandable by the SIU to perform memory dumps.
	T
	002b

	5.3.7.12.2
	SIU Memory Dumps
	[2] (3.2.6.2.5)

After entering the boot shell, the SIU shall be commandable from the ground to perform memory dumps.
	T
	002b

	5.3.7.12.3
	Memory Dump Data
	[1] (3.1.3.1) [2] (3.2.6.2.5)

Upon receipt of a command to perform a memory dump, the FSW shall transmit the requested data to the spacecraft via the CTDB.
	T
	002b

	5.3.7.12.4
	Memory Dump Cancel
	[Derived]

The FSW shall process a command to cancel a memory dump.
	?
	002b

	5.3.7.12.5
	Memory Loads
	[2] (3.2.6.1.1.1)

The SIU FSW shall process commands from the SC on the CTDB for memory writes that include unit identifier, memory address, memory size, and memory data.
	?
	002b

	5.3.7.12.6
	Memory Load Data
	[1] (3.1.3.1, 3.1.3.2.1) [2] (3.2.6.1.1.1)

Load data shall consist of telecommand packet sequences to uplink data that contain configuration tables, software loads and command scripts.
	?
	002b

	5.3.8
	Event Monitoring and Delivery
	[4] (5.4.13)

The EPU FSW shall monitor event data for integrity and to track changes in event and detector statistics and notify the SIU via CPU-to-CPU protocol in the event of an error or anomaly.
	N/A
	N/A

	5.3.8.1
	Tracker Monitoring
	
	N/A
	N/A

	5.3.8.1.1
	Occupancy Monitoring
	[Derived]

Occupancy of each strip for random trigger (rate>100Hz) shall be monitored.
	T
	013b, 016

	5.3.8.1.2
	Warm Channel Occupancy Data
	[Derived]

"Warm" channel (Occupancy > 10^-4) data shall be forwarded to support downlinking every orbit.
	T
	013b, 016

	5.3.8.1.3
	All Occupancy Data
	[Derived]

All data shall be forwarded to support downlinking as often as every 4 orbits.
	T
	013b, 016

	5.3.8.2
	ACD Monitoring
	
	N/A
	N/A

	5.3.8.2.1
	VETO Rates from GEM
	
	N/A
	N/A

	5.3.8.2.1.1
	Acquisition of VETO Rates from GEM
	[Derived]

FSW shall transmit to the SC for downlink 97 VETO rates from the two hardware counters in the GEM.
	T
	013b, 016

	5.3.8.2.1.2
	Adjustable Accumulation Period
	The 97 VETO rates shall be acquired over an adjustable accumulation period.

As a goal, the FSW will complete each acquisition cycle in less than 10 minutes (dependent upon adjustable accumulation period). Also as a goal, the FSW will allow different accumulation periods to be specified for each of the two hardware counters so that a smaller time can be used for larger tiles while a longer time is used for smaller tiles.
	T
	013b, 016

	5.3.8.2.2
	Level 1 Trigger Rates
	[Derived]

FSW shall provide 194 VETO rates, one for each phototube, accumulated with a commandable duty cycle from all the L1T events. These rates will be biased by the trigger mode but provide a measurement independent of the hardware rate counters that can be cross-calibrated.
	T
	013b, 016

	5.3.8.2.3
	Monitor CNO rates
	[Derived]

FSW shall provide the rate of CNO signals that appear in the CNO vector of the Event Summary from the GEM by counting the non-zero elements from the 12 CNO channels over a commandable accumulation period.
	T
	013b, 016

	5.3.8.2.4
	Random Rates
	[Derived]

As a goal, the FSW will provide 194 VETO rates, one for each phototube, accumulated with a commandable duty cycle from a random set of triggers. These rates measure noise in the system.
	T
	013b, 016

	5.3.8.2.5
	24-bit Compressed Raw Data
	[Derived]

As a goal, upon receipt of the appropriate command, FSW will provide a sample of compressed, 24 bit, “pseudo-raw” event data, including the hitmap and PHA values but no time stamp.
	T
	013b, 016

	5.3.9
	Event Filtering
	
	N/A
	N/A

	5.3.9.1
	Event Filter Rates and Capacity
	[1] (3.3.2.1.4-5)  [2] (3.2.5.4.1, 3.2.5.4.5)  [4] (5.4.3)

The FSW shall filter the input stream of events accepted by the electronic trigger to an output stream commensurate with the spacecraft (SC) interface rate up to 66 Mbps and capacity of a maximum of 104 Gb in any given 24 hour period, keeping events meeting the science objectives.

Note that the 104 Gb allocation includes a total source packet overhead of 112 bits per packet (64 bits of the secondary header are for a time stamp).
	T
	008a

	5.3.9.2
	Event Filter Reprogramming
	[4] (5.4.4)

The event filtering software shall be reprogrammable via the SIU.
	T
	002b

	5.3.9.3
	Event Filter Bypass
	[4] (5.4.6)

The event filtering software shall be capable of passing a pre-scaled sample of unfiltered events for monitoring and analysis, upon request via the SIU.
	T
	008a

	5.3.10
	GRB Detection 
	
	N/A
	N/A

	5.3.10.1
	External Detection
	
	N/A
	N/A

	5.3.10.1.1
	GRB Alert Message from SC
	[4] (5.3.3)

The SIU FSW shall be able to reconfigure and direct the operation of the LAT instrument within 15 seconds in response to a Rapid Burst Alert notification message received from the SC across the CTDB.
	T
	011

	5.3.10.1.2
	GRB Alert Message from GBM Instrument
	[2] (3.2.6.5.2.2)

The SIU FSW shall be able to reconfigure and direct the operation of the LAT instrument within 15 seconds in response to a GRB notification message from the GBM instrument via the CTDB.  Further details are provided in [11].
	T
	011

	5.3.10.1.3
	GRB Interrupt from GBM Forwarded by SC
	[2] (3.2.6.5.2.1, 3.2.7)

The SIU FSW shall be able to accept a GRB interrupt from the GBM instrument on a discrete line for inclusion in the telemetry stream.  Although the SIU FSW will service this interrupt, no further action is specifically required for the LAT FSW development effort. Based on future on-orbit discovery, FSW may be modified to provide a more extensive response to this signal. Further details are provided in [11].
	T
	011

	5.3.10.2
	LAT GRB Detection
	[1] (3.3.2.1.2)

In any science observation mode, FSW shall monitor the science data to identify GRBs.
	A,S
	012a

	5.3.10.2.1
	GRB Location Accuracy
	[3] (5.2.14)  [4] (5.4.8)

For a GRB with default criteria of > 100 reconstructed photons above 1 GeV in less than 20 seconds, the SIU FSW shall execute the algorithm that will locate the source of the GRB to within 10 arcmin (1σ radius).
	S,T
	012a

	5.3.10.2.2
	Modification of GRB Criteria
	[3] (5.2.14)  [4] (5.4.8)

The default GRB criteria shall be adjustable by command.
	S,T
	012a

	5.3.11
	GRB Response
	[1] (3.1.2.4, 3.3.2.4.1-2)  [2] (3.2.6.5.1-2)

The LAT FSW shall respond to GRB alert messages from all sources (a Rapid Burst Alert from a source external to GLAST, a GRB alert message/interrupt from the GBM or an internally generated GRB alert) when in Sky Survey or Pointed Observation modes.
	N/A
	N/A

	5.3.11.1
	Burst Filtering
	[Derived]

When a GRB is identified, the SIU FSW shall provide the capability to automatically apply a set of looser event filter parameters, allowing more events to be collected for a limited period of time. 
	T
	012a

	5.3.11.2
	Burst Buffering
	(TBR) The SIU FSW shall provide buffering for a minimum of 10,000 photon events from a burst. 
	A,S,T
	008a

	5.3.11.3
	LAT GRB Alert Message to SC
	
	N/A
	N/A

	5.3.11.3.1
	Send Alert Message
	[2] (3.2.6.5.1.1)

The SIU FSW shall send a GRB alert message to the SC across the CTDB when a GRB is detected by the LAT (see also section 5.3.10.2.1).  Further details are provided in [11].
	T
	012b

	5.3.11.3.2
	Receive Attitude Data
	[1] (3.1.2.5.1.2)  [2] (3.2.6.4)

The SIU FSW shall receive spacecraft attitude data packets from the SC delivered at the 5 Hz SC attitude control loop rate on the CTDB. The data content of these packets is specified in [7].
	T
	010a

	5.3.11.3.3
	Process Attitude Data
	[Derived]

The FSW shall process the attitude information from the SC in order to include GRB location information in the LAT GRB Alert Message to SC
	T
	010a, 012b

	5.3.11.4
	GRB Message to GBM
	[11] (3.2.2)

The FSW shall send a command indicating the time of detection for GRBs detected by the LAT.
	T
	012b

	5.3.11.5
	LAT Closeout to GBM
	[11] (3.2.2)

For a LAT-detected burst alert, FSW shall issue a message to the GBM after a predetermined time period of below-threshold detection (a LAT configuration parameter) of at least one minute (or non-detection; this time period is not likely to exceed 10 minutes).
	T
	012b

	5.3.11.6
	GRB Alert Message Latency
	[1] (3.1.2.4.1)  [3] (5.2.15)  [4] (5.4.7)

For a GRB meeting the conditions defined in 5.3.10.2.1, the SIU FSW shall send a GRB alert message to the SC within 5 seconds of detection for immediate relay to the ground. The goal is to provide the notification within 2 seconds.
	S,T
	012b

	5.3.11.7
	LAT GRB Repoint Request Message to SC
	[1] (3.1.2.4.2)  [2] (3.2.6.5.1.2)

The SIU FSW shall send a GRB repoint request message to the SC across the CTDB when a GRB is detected that meets repoint criteria defined by a set of ground settable parameters (see also section 5.3.10.2.1).  Further details are provided in [11].
	T
	012b, 002b

	5.3.11.8
	GRB Repoint Request Response Message
	[Derived]

The FSW shall receive as input from the spacecraft over the CTDB a response to a repoint request message indicating the status of the request.
	T
	011

	5.3.12
	Charge Injection Calibration
	[1] (3.1.3.2.2), [4] (5.4.14)

The SIU FSW shall provide the means to perform on-orbit charge injection calibration of the ACD, TKR and CAL subsystems during engineering mode by establishing configurations and executing algorithms provided by the subsystem designers.
	N/A
	N/A

	5.3.12.1
	TKR TOT
	[Derived]

The analysis of the following data is performed on the ground to obtain TOT gain calibration. TOT gain will be used to determine the absolute scale of the calibration DAC.
	N/A
	N/A

	5.3.12.1.1
	TOT Measurements
	[Derived]

For each channel, the average TOT values at several charge injection points shall be measured. (1 byte per point.)
	T
	014

	5.3.12.1.2
	TOT Parameters Stored in File
	[Derived]

The number of points (minimum 4 and maximum 8) and their calibration DAC values, and the number of sample for each data point (probably about 10, but it depends on the time) shall be given by a file or files that can be updated via a command from the ground.
	T
	014, 002a

	5.3.12.1.3
	TOT TACK delay
	[Derived]

TACK delay shall be the same as the real trigger delay.
	T
	014

	5.3.12.2
	TKR Threshold Scan
	[Derived]

The analysis of the following data is performed on ground to determine the best threshold for each GTFE chip. This analysis also provides noise value for each channel.
	T
	014

	5.3.12.2.1
	Threshold Scan Measurements
	[Derived]

For each channel, the FSW shall measure data capture efficiency for several threshold points at a fixed calibration DAC value. Note that every 32 channels can be pulsed at the same time. (48 channels per layer).
	T
	014

	5.3.12.2.2
	Threshold Scan Parameters Stored in File
	[Derived]

The number of threshold points (minimum 5 and maximum 9) and their threshold DAC values, the number of sample for each data point (probably about 10, but it depends on the time), and the calibration DAC value for each GTFE shall be given by a file or files that can be updated via a command from the ground.
	T
	014, 002a

	5.3.12.2.3
	Threshold Scan TACK Delay
	[Derived]

TACK delay shall be the same as the real trigger delay. (TBD)
	T
	014

	5.3.12.3
	TKR Trigger Check
	[Derived]

Upon receipt of the appropriate command, the FSW shall perform a trigger check as defined below:

•
Loop through one channel per GTRC. 

•
Inject large pulse (DAC~63) 10 times at low threshold (DAC~10) and at least one trigger should be issued. 

•
Failed channel information should be forwarded to the spacecraft for delivery to the ground.
	T
	014

	5.3.12.4
	ACD Charge Injection Calibration Mode
	
	N/A
	N/A

	5.3.12.4.1
	Configure ACD Charge Injection Calibration Mode
	[Derived]

The FSW shall configure the ACD for ACD Charge Injection Calibration Mode as defined in [TBS ACD Document] upon command.
	T
	014

	5.3.12.4.2
	ACD Charge Injection 
	[Derived]

In Charge Injection Calibration Mode, the FSW shall initiate 100 triggers for each of 64 steps in each of the two ranges (low and high) for each of the 194 front end ASICs (GAFEs). 

Note: This mode will normally be coupled with a set of pedestal measurements.
	T
	014

	5.3.12.4.3
	ACD Charge Injection Calibration Mode Data
	[Derived]

The FSW shall send resulting PHA values when the ACD is in ACD Charge Injection Calibration Mode.
	T
	014

	5.3.12.5
	CAL Charge Injection Calibration Mode
	
	N/A
	N/A

	5.3.12.5.1
	Configure CAL Charge Injection Calibration Mode
	[1] (3.1.3.2.2), [4] (5.4.14)

Upon receipt of the appropriate command specifying “abbreviated” or “detailed” configuration, the FSW shall configure the CAL for CAL Charge Injection Calibration Mode as defined in [TBS CAL document].
	T
	014

	5.3.12.5.2
	CAL Charge Injection
	
	N/A
	N/A

	5.3.12.5.2.1
	CAL Charge Injection Triggers
	[1] (3.1.3.2.2), [4] (5.4.14)

In Charge Injection Calibration Mode, the FSW shall initiate a programmable number of triggers

for each of a programmable number of amplitude steps.
	T
	014

	5.3.12.5.2.2
	CAL Charge Injection Charge
	[1] (3.1.3.2.2), [4] (5.4.14)

Charge will be injected into a programmable set of GCFE chips simultaneously.
	T
	014

	5.3.12.5.3
	CAL Charge Injection Calibration Mode Data
	
	N/A
	N/A

	5.3.12.5.3.1
	CAL Charge Injection Histogram
	[1] (3.1.3.2.2), [4] (5.4.14)

FSW shall histogram the triggered event data, applying a commanded prescaling factor, forming a multi-peaked distribution.

Note: The number of triggers at each amplitude is programmable so that the number of events in each charge peak in the histogrammed data can be matched with the known input pattern of charge amplitudes.
	T
	014

	5.3.12.5.3.2
	CAL Charge Injection Calibration Mode Data Telemetry
	[1] (3.1.3.2.2), [4] (5.4.14)

The charge-injection histograms shall be telemetered. The histograms may be compressed.
	T
	014

	5.3.12.5.3.3
	CAL Charge Injection Calibration Mode Data Histograms
	[1] (3.1.3.2.2), [4] (5.4.14)

To minimize confusion in the interpretation of the histograms, the FSW shall create several histograms, each covering a limited subset of charge-injection amplitudes, for a single CAL

charge-injection calibration. The amplitudes chosen for each subset would span the full dynamic range of charge injection, but they would be interleaved from subset to subset.
	T
	014

	5.3.12.5.3.4
	CAL Charge Injection Calibration Mode Data Event Data Option
	[1] (3.1.3.2.2), [4] (5.4.14)

As a commandable option, event data from charge injection shall be telemetered.

Note: Because the data volume from a complete charge-injection calibration is significant, event data will be requested only for limited, abbreviated calibrations.
	T
	014

	5.3.13
	Diagnostics
	[1] (3.1.3.2.3, 3.3.3.4)

The SIU FSW shall provide the means to perform on-orbit diagnostics of the ACD, TKR CAL and T&DF subsystems.

Note: No diagnostics SW needed by TKR. Awaiting input from CAL.
	T
	014

	5.3.13.1
	Diagnostics During Normal Operations
	
	N/A
	N/A

	5.3.13.1.1
	ACD Cosmic Ray Sample Events
	[Derived]

Upon receipt of the appropriate command, FSW shall provide a sample of events that are identified as likely to be cosmic rays. Data transmitted would include PHA data for the events (not a spectrum accumulated on board). 

Note: This data will be used to monitor the MIP peak in the tiles.
	T
	014

	5.3.13.1.2
	CAL Log-Accept Occupancy
	
	N/A
	N/A

	5.3.13.1.2.1
	CAL Log-Accept Occupancy Histogram
	[1] (3.1.3.2.3, 3.3.3.4)

Upon receipt of the appropriate command, FSW shall accumulate a histogram of the CAL logaccept occupancy by inspection of the event data stream.
	T
	014

	5.3.13.1.2.2
	CAL Log-Accept Occupancy Histogram Content
	[1] (3.1.3.2.3, 3.3.3.4)

The histogram shall contain the number of log-accepts indexed by channel number over a programmed time period.
	T
	014

	5.3.13.1.2.3
	CAL Log-Accept Occupancy Transmission
	[1] (3.1.3.2.3, 3.3.3.4)

The histogram shall be telemetered at the end of the programmed time period.
	T
	014

	5.3.13.1.3
	CAL Range Occupancy
	
	N/A
	N/A

	5.3.13.1.3.1
	CAL Range Occupancy Histograms
	[1] (3.1.3.2.3, 3.3.3.4)

Upon receipt of the appropriate command, FSW shall accumulate histograms of the CAL energyrange

occupancy by inspection of the event data stream.
	T
	014

	5.3.13.1.3.2
	CAL Range Occupancy Histogram Content
	[1] (3.1.3.2.3, 3.3.3.4)

The histograms – one per energy range – shall contain the number of occurrences of selection of a given energy range by the auto-ranging process, indexed by channel number over a programmed time period.
	T
	014

	5.3.13.1.3.3
	CAL Range Occupancy Histogram Transmission
	[1] (3.1.3.2.3, 3.3.3.4)

The histograms shall be telemetered at the end of the programmed time period. They may be compressed.
	T
	014

	5.3.13.1.4
	CAL Log-Accept Occupancy Rates
	
	N/A
	N/A

	5.3.13.1.4.1
	CAL Log-Accept Occupancy Rates Accumulation
	[1] (3.1.3.2.3, 3.3.3.4)

Upon receipt of the appropriate command, the FSW shall accumulate rates of the CAL logaccept occupancy by inspection of the diagnostic contribution.
	T
	014

	5.3.13.1.4.2
	CAL Log-Accept Occupancy Rates Content
	[1] (3.1.3.2.3, 3.3.3.4)

The rates shall contain the number of log-accepts by log-end for a specified layer over a programmed time period.
	T
	014

	5.3.13.1.4.3
	CAL Log-Accept Occupancy Rates Transmission
	[1] (3.1.3.2.3, 3.3.3.4)

The rates shall be telemetered at the end of the programmed time period.
	T
	014

	5.3.13.1.5
	CAL Trigger Request Rates
	
	N/A
	N/A

	5.3.13.1.5.1
	CAL Trigger Request Rates Accumulation
	[1] (3.1.3.2.3, 3.3.3.4)

Upon receipt of the appropriate command, the FSW shall accumulate rates of the CAL FLE and FHE trigger primitives by inspection of the diagnostic contribution.
	T
	014

	5.3.13.1.5.2
	CAL Trigger Request Rates Content
	[1] (3.1.3.2.3, 3.3.3.4)

The rates shall contain the number of FLE and FHE assertions by log-end for a specified layer over a programmed time period.
	T
	014

	5.3.13.1.5.3
	CAL Trigger Request Rates Transmission
	[1] (3.1.3.2.3, 3.3.3.4)

The rates shall be telemetered at the end of the programmed time period.
	T
	014

	5.3.13.1.6
	CAL Log-Accept Occupancy Data, Detailed
	
	N/A
	N/A

	5.3.13.1.6.1
	CAL Log-Accept Occupancy Data, Detailed Accumulation
	[1] (3.1.3.2.3, 3.3.3.4)

Upon receipt of the appropriate command, FSW shall accumulate a histogram of the CAL logaccept occupancy by inspection of the event contribution.
	T
	014

	5.3.13.1.6.2
	CAL Log-Accept Occupancy Data, Detailed Histogram
	[1] (3.1.3.2.3, 3.3.3.4)

The histogram shall contain the number of log-accepts indexed by channel number over a programmable time period, for the entire CAL.
	T
	014

	5.3.13.1.6.3
	CAL Log-Accept Occupancy Data, Detailed Transmission
	[1] (3.1.3.2.3, 3.3.3.4)

The histogram shall be telemetered at the end of the programmable time period.
	T
	014

	5.3.13.1.7
	CAL Trigger Rates, Detailed
	
	N/A
	N/A

	5.3.13.1.7.1
	CAL Trigger Rates, Detailed Accumulation
	[1] (3.1.3.2.3, 3.3.3.4)

Upon receipt of the appropriate command, FSW shall accumulate rates of CAL trigger primitives (FLE and FHE) per layer and tower over a programmable time period.
	T
	014

	5.3.13.1.7.2
	CAL Trigger Rates, Detailed Content
	[1] (3.1.3.2.3, 3.3.3.4)

These rates shall be accumulated for all layers simultaneously; therefore, this requirement cannot be satisfied by the LRS data stream.
	T
	014

	5.3.13.1.7.3
	CAL Trigger Rates, Detailed Transmission
	[1] (3.1.3.2.3, 3.3.3.4)

The rates shall be telemetered at the end of the programmable time period. They may be compressed.
	T
	014

	5.3.13.1.8
	CAL Range Occupancy Data
	
	N/A
	N/A

	5.3.13.1.8.1
	CAL Range Occupancy Data Accumulation
	[1] (3.1.3.2.3, 3.3.3.4)

Upon receipt of the appropriate command, FSW shall accumulate histograms of the CAL energyrange occupancy by inspection of the event data stream.
	T
	014

	5.3.13.1.8.2
	CAL Range Occupancy Data Content
	[1] (3.1.3.2.3, 3.3.3.4)

The histograms – one per energy range – shall contain the number of occurrences of selection of a given energy range by the auto-ranging process, indexed by channel number over a programmable time period.
	T
	014

	5.3.13.1.8.3
	CAL Range Occupancy Data Transmission
	[1] (3.1.3.2.3, 3.3.3.4)

The histograms shall be telemetered at the end of the programmable time period. They may be

compressed.
	T
	014

	5.3.13.1.9
	CAL Cosmic Ray (CR) Calibration
	[1] (3.1.3.2.3, 3.3.3.4)

The FSW supports calibration of the CAL through acquisition and telemetry of events that are likely to be cosmic rays. The CR calibration events are interleaved with events likely to be gamma rays.
	T
	014

	5.3.13.1.9.1
	CAL CR Calibration Enable
	[1] (3.1.3.2.3, 3.3.3.4)

The FSW shall enable CR calibration upon receipt of the appropriate command.

Note: It is expected that CAL CR Calibration be enabled during all normal operations.
	T
	014

	5.3.13.1.9.2
	CAL CR Calibration Disable
	[1] (3.1.3.2.3, 3.3.3.4)

The FSW shall disable CR calibration upon receipt of the appropriate command.
	T
	014

	5.3.13.1.9.3
	CAL CR Calibration Prescale Triggers
	[1] (3.1.3.2.3, 3.3.3.4)

In order to limit the telemetry bandwidth consumed by the CR calibration data, FSW shall support prescaling of CR triggers.
	T
	014

	5.3.13.1.9.4
	CAL CR Calibration Trigger
	[1] (3.1.3.2.3, 3.3.3.4)

The CR calibration trigger shall be (ACD HIGH) && (TKR 3-in-a-row).
	T
	014

	5.3.13.1.9.5
	CAL CR Calibration Trigger - Additional
	[1] (3.1.3.2.3, 3.3.3.4)

In addition, a programmed leakage of non-ACD-HIGH events (i.e. protons and He) is required to complete the calibration, i.e. CRs from H to Fe are required to complete the calibration of CAL energy ranges. These data shall be selected from among triggered events with (NOT (ACD

HIGH)) && (TKR 3-in-a-row).
	T
	014

	5.3.13.1.9.6
	CR Calibration Data
	[1] (3.1.3.2.3, 3.3.3.4)

The CR calibration CAL data shall be in zero-suppressed, four-range, auto-range readout. 

Note: TKR event data are required for imaging the CRs in ground analysis.
	T
	014

	5.3.13.1.9.7
	CR Data Selection
	The trigger rate from CNO and above cosmic rays is ~10 Hz. On-board prescaling of event readout can be used to reduce the CNO readout to an acceptable rate, although it would be much better to be at least slightly clever in on-board data selection. The leakage of p and He

events into the readout shall also be added to the data volume.

Note: Only certain CR events are useful for calibration, and it is possible to perform some modest event screening on board. If the downlink bandwidth forces limits on the rate of CR readouts, it would be preferable to optimize the CR telemetry, rather than blindly pre-scale the

CR triggers.
	T
	014

	5.3.13.1.10
	TKR Cosmic Ray Calibration
	TBS
	N/A
	N/A

	5.3.13.2
	Diagnostics During Special Modes
	The FSW provides the means to perform on-orbit diagnostics of the ACD, TKR CAL and T&DF subsystems through monitoring activities by establishing special configurations and executing algorithms provided by the subsystem designers.
	T
	014

	5.3.13.2.1
	ACD Trigger Mode
	[1] (3.1.3.2.3, 3.3.3.2, 3.3.3.4), [4] (5.4.6)

FSW shall configure the ACD to ACD Trigger Mode as defined in [TBR ACD Document] upon command.
	T
	014

	5.3.13.2.2
	ACD Pedestal Data
	[Derived]

Upon receipt of the appropriate command, FSW shall provide pedestal data for each of the 194 phototubes in the form of histograms with only a few channels around the peak by switching to No Zero Suppress.
	T
	014

	5.3.13.2.3
	CAL Pedestal Value Data
	[Derived]

Upon receipt of the appropriate command, FSW shall provide pedestal data (value and width) for each crystal end (192) per energy range (4) of ADC content for each calorimeter module by using non-zero-suppressed event readout mode.
	T
	014

	5.3.13.2.4
	CAL Pedestal Histogram Data
	[Derived]

Upon receipt of the appropriate command, FSW shall provide pedestal data (commanded subsection of histogram) for each crystal end (192) per energy range (4) of ADC content for each calorimeter module by using non-zero-suppressed event readout mode. The histogram data may be compressed.
	T
	014

	5.3.13.2.5
	TKR GTRC Rates
	[1] (3.1.3.2.3, 3.3.3.2, 3.3.3.4), [4] (5.4.6)

Upon receipt of the appropriate command, the data rate of each GTRC for random trigger (rate>100Hz) and trigger rate for each layer (or GTRC if possible) shall be determined and forwarded to the SC to support downlinking every orbit. (Total data size: ~9kBytes). Note that three sets of configurations are necessary to measure 36 layers in a tower. One minute per set will be sufficient.
	T
	014

	5.3.14
	Ancillary Data from SC (at 1Hz)
	[1] (3.1.2.5.1.2)  [2] (3.2.6.4)

The SIU FSW shall receive and process ancillary data packets from the SC delivered at 1Hz on the CTDB. The data content of these packets is specified in [7].
	T
	001

	5.3.14.1
	SSR Usage
	[Derived]

The FSW shall receive as input SSR usage information from the Ancillary Data message from the SC. This information may be used to optimize use of the SSR.
	T
	001

	5.3.14.2
	LAT In or Out of SAA
	[Derived]

The FSW shall receive as input information from the Ancillary Data message from the SC indicating if the LAT is in or out of SAA. This information may be used in conjunction with commands from the ground to aid in SAA transition processing.
	T
	001, 013A

	5.3.14.3
	GPS Status
	[Derived]

The FSW shall record GPS status information received from the Ancillary Data message from the SC with event data to aid in problem detection on the ground in case of GPS errors.
	T
	001

	5.3.14.4
	Transmitter Status
	[Derived]

The FSW shall record S-band and X-band transmitter status received from the Ancillary Data message from the SC with event data to aid in detecting EMI problems.
	T
	001

	5.3.15
	 Mode Control
	[1] (3.1.2.2-3, 3.1.3.2.3, 3.3.2.1.1-2, 3.3.2.2-4, 3.3.3)  [3] (5.3.5)

The SIU FSW shall support the observatory modes of (1) sky survey, (2) pointed observation, (3) repointed observation, and (4) engineering, in addition to Safe Mode and any required special modes for in-orbit checkout.
	T
	013a, 013b

	5.3.16
	Safety
	
	N/A
	N/A

	5.3.16.1
	Safe Mode
	
	N/A
	N/A

	5.3.16.1.1
	Safe Mode Notification from SC
	[1] (3.3.4.3)  [2] (3.2.8.2)  [3] (5.3.5)

The SIU FSW shall receive and process a safe mode notification message from the SC, then execute an operations-defined set of commands designed to place the LAT in a predetermined Safe Mode within 15 seconds.
	T
	013a

	5.3.16.1.2
	Safe Mode Notification to Ground
	[Derived]

Assuming power is maintained during the 15 seconds, the SIU FSW shall put a notification of transition to Safe Mode into the telemetry stream to the ground prior to entering Safe Mode.
	?
	013a

	5.3.16.2
	Load Shedding
	
	N/A
	N/A

	5.3.16.2.1
	Load Shedding Notification from SC
	[2] (3.2.8.3)  [3] (5.3.5)

The SIU FSW shall receive and process a load shedding notification message from the SC, then execute the necessary configuration commands within 15 seconds to power off all SIU-controlled LAT components and prepare for shutdown..
	T
	013a

	5.3.16.2.2
	Load Shedding Notification to Ground
	[Derived]

Assuming power is maintained during the 15 seconds, the SIU FSW shall put a notification of powering off due to Load Shedding into the telemetry stream to the ground prior to powering off.
	T
	013a

	5.3.17
	Configuration
	
	N/A
	N/A

	5.3.17.1
	Configuration of Subsystems
	[4] (5.3.4)

Upon command, the SIU FSW shall configure the LAT power distribution subsystem and the CAL, TKR, ACD and T&DF subsystems by writing to the T&DF provided configuration registers. Refer to [13] – [23] for details.
	T
	007

	5.3.17.2
	Configuration by File
	[4] (5.3.4)

Upon command, the SIU FSW shall configure the LAT power distribution subsystem and the CAL, TKR, ACD and T&DF subsystems by writing to the T&DF provided configuration registers specified in a configuration file that identifies the registers to be written and the corresponding value of the registers. Refer to [13] – [23] for details.
	T
	007

	5.3.17.3
	Readback of Subsystems
	[4] (5.3.5, 5.4.14]

Upon command, the SIU FSW shall read back and record the configuration of the LAT power distribution subsystem and the CAL, TKR, ACD and T&DF subsystems by reading back the T&DF provided configuration registers. Refer to [13] – [23] for details.
	T
	007

	5.3.18
	SAA Transit
	
	N/A
	N/A

	5.3.18.1
	Configure ACD for SAA
	[2] (3.2.6.6)  [4] (5.5.6)

Prior to SAA transit, the FSW shall configure the ACD as described in the ACD-LAT ICD.
	T
	013a

	5.3.18.2
	Configure CAL for SAA
	[2] (3.2.6.6)  [4] (5.5.6)

Prior to SAA transit, the FSW shall disable CAL-LO and CAL-HI triggering.
	T
	013a

	5.3.18.3
	Post-SAA Reconfiguration
	[2] (3.2.6.6)  [4] (5.5.6)

After SAA transit, the FSW shall verify the configuration of the ACD, TKR, and CAL subsystems and reconfigure if necessary.
	T
	013a

	5.3.19
	Thermal Control System (TCS)
	The SIU FSW provides the active element of the LAT high precision thermal control system by providing filtered temperature readings to algorithms provided by systems engineering and applying the results of the algorithms to the LAT heaters.
	N/A
	N/A

	5.3.19.1
	Inputs to Thermal Control Algorithm
	
	N/A
	N/A

	5.3.19.1.1
	Sensor to ADC Mapping 
	[26] (11.3)

The TCS shall receive as input a mapping, stored onboard and updatable by telecommand, of sensors to physical ADCs.
	T
	015

	5.3.19.1.2
	Set of Sensors to be Read
	[26] (11.3)

The TCS shall receive as input the set of sensors to be read and reported in telemetry, stored onboard and updatable by telecommand.
	T
	015

	5.3.19.1.3
	Set of Sensors for Algorithm
	[26] (11.3)

The TCS shall receive as input the set of sensors to be used in the TCS algorithm, stored onboard and updatable by telecommand.
	T
	015

	5.3.19.1.4
	Raw ADC Data
	[26] (11.3)

The TCS shall receive as input raw data from the Analog-to-Digital Converters (ADCs).
	T
	015

	5.3.19.1.5
	Control Parameters
	[26] (11.3)

The TCS shall receive as input a set of 4 control parameters, stored onboard and updatable by telecommand, for each of the heater pipes. These parameters are Reservoir Low, Radiator Interface Temperature (RIT) Low Limit, RIT High Limit, and Deadband Region..
	T 
	015

	5.3.19.2
	Thermal Control Initialization
	[26] (11.3)

The FSW shall initialize the TCS by identifying the appropriate set of inputs (ADC parameters, identify active sensors & heaters, control & monitoring parameters).
	T 
	015

	5.3.19.3
	Convert ADC to Temperature
	[26] (11.3)

The TCS shall convert received ADC data into temperature values.
	T 
	015

	5.3.19.4
	Filter Input
	[26] (11.3)

The TCS shall filter temperature input for inconsistent values.
	T 
	015

	5.3.19.5
	Determine Heater Setting
	[26] (11.3)

The TCS shall determine whether to turn on or off individual heaters based on the inputs.
	T
	015

	5.3.19.6
	Shut-Down
	[26] (11.3)

The TCS shall shut down upon receipt of command from the spacecraft.
	T
	015

	5.3.19.7
	Thermal Constraints for Power-On
	[26] (11.3)

The FSW shall ensure thermal constraints as defined in [26] are met prior to enabling power-on of EPUs, TEMs, and TPSs
	T
	015

	5.3.19.8
	Load Shedding Action
	[26] (11.3)

Upon receipt of a load shedding command from the spacecraft, the TCS FSW shall close the radiators and send a signal to the spacecraft indicating the action taken.
	T
	015

	5.3.19.9
	Survival Limit Action
	[26] (11.3)

If survival temperature limits are reached as defined by [26], the FSW shall close the radiators, turn off the DAQ and FEE, and send a signal to the spacecraft indicating the action taken.
	T
	015

	5.3.19.10
	Watchdog Open
	[26] (11.3)

Upon receipt of the appropriate command, the FSW shall open the TCS watchdog switch.
	T
	015

	5.3.19.11
	Watchdog Stop
	[26] (11.3)

Upon receipt of the appropriate command, the FSW shall close the TCS watchdog switch.
	T
	015

	5.3.19.12
	Heater Control Signals
	[26] (11.3)

The TCS shall output signals indicating which heaters should be turned on and which should be off via PCI interface.
	T
	015

	5.3.19.13
	TCS Telemetry
	[26] (11.3)

Once per second (TBR), a telemetry packet shall be composed to monitor the TCS that includes: identification of active sensors, identification of active heaters, status for each heat pipe, state information, input temperatures, and algorithm results.
	T
	015, 003

	5.4
	Flight Software Standards
	
	N/A
	N/A

	5.4.1
	System of Units
	[1] (3.1.1.7, 3.3.1.7)  [2] (3.2.1.6)

The LAT shall conform to the observatory requirement to observe the current NASA policy directive, NPD 8010.2C, Use of the Metric System of Measurement in NASA programs. For all external command and telemetry interfaces, the LAT FSW shall use metric units with the following exceptions: Angular measure my be expressed in degrees, minutes and seconds; Photon and particle energy may be expressed in eV; and English units may be used for mechanical fabrication.
	I
	N/A

	5.4.2
	Coordinate Systems
	
	
	

	5.4.2.1
	LAT Coordinate System
	[2] (3.2.1.1)  [3] (5.3.1.1)

The FSW shall use the LAT coordinate system defined in [6].  
	I
	N/A

	5.4.2.2
	Observatory Coordinates
	[1] (3.3.1.6.2-4)  

The FSW shall be capable of translating to observatory coordinates as defined in [1].
	D
	N/A

	5.4.2.3
	Celestial Coordinate System
	[1] (3.1.1.6.1-2, 3.3.1.6.1-2)  [2] (3.2.1.2)

The FSW shall report celestial coordinates in the J2000 inertial coordinate system, using right ascension (RA) and declination (DEC).
	I
	N/A

	5.4.3
	Resource Margin
	[Derived]

The FSW shall maintain resource margins as detailed in [8].
	I
	N/A
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