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1 PURPOSE

This document defines the verification and validation plan for the GLAST Large Area Telescope (LAT) Instrument Operations Facility (ISOC). The plan addresses the verification and validation of the hardware and software that will be used for the LAT instrument operations. This plan does not address operational procedures. Verification and validation of operational procedures will be covered in TBD.

2 SCOPE

The LAT ISOC is responsible for LAT instrument control, operations, and data processing. This document identifies verification and validation of the ISOC capabilities to meet requirements addressed in the Level II specification document, LAT-SS-00015. 

The LAT ISOC consists of two facilities, the LAT Operations Facility (LOF), produced under WBS 4.1.B, Instrument Science Operations Center, and the Data Processing Facility (DPF) produced under WBS 4.1.D, Science Analysis Software (SAS). 

The LOF acquires housekeeping data for LAT trending and performance analysis, monitors the LAT configuration, health, and safety, maintains LAT flight software, generates LAT command uploads, provides LAT mission activity planning, and interfaces with the GLAST Mission Operations Center (MOC) and GLAST Science Support Center (GSSC).. The DPF acquires Level 0 processed LAT data from the MOC and generates Level 1 and 2 data products, monitors for transient sources, and interfaces with and distributes data to the LAT collaboration and GSSC.  

 DEFINITIONS

2.1 Acronyms

ACD – Anticoincidence Device

CCC – Calorimeter Cable Controller 

CCSDS – Consultative Committee for Space Data Systems

DPF – Data Processing Facility

EPU – Event Processor Unit

GASU – GLT-ACD-Signal Distribution Unit 

GCN – Gamma-ray Burst Coordinates Network

GLAST – Gamma-ray Large Area Space Telescope 

GLT – Global Trigger

GN – Ground Network

GRB – Gamma-Ray Burst

GSSC – GLAST Science Support Center

HK – Housekeeping

I&T – Integration and Test

ISOC – Instrument Science Operations Center
IRD – Interface Requirements Document

LAT – Large Area Telescope

LLDD – LAT Local Data Disk

LOF – LAT Operations Facility

MOC – Mission Operations Center

PCU – Power Distribution Unit 

SAS – Science Analysis Software

SC – GLAST spacecraft

SI – Science Instrument

SIIS – Spacecraft Instrument Interface Simulator 

SIU – Spacecraft Interface Unit

SRD – Science Requirements Document

T&DF – Trigger and Data Flow system

TCC – Tracker Cable Controller 

TCP/IP – Transmission Control Protocol / Internet Protocol

TDRSS – Tracking and Data Relay Satellite System
TEM – Tower Electronics Module 

UTC – Universal Time Coordinated

2.2 Definitions

Alert – Data transmitted by the spacecraft in response to a transient event. Alerts can be generated by instrument or spacecraft subsystems in response to the detection of anomalies or by the science instruments in response to transient scientific phenomena.

Analysis – A quantitative evaluation of a complete system and /or subsystems by review/analysis of collected data.

Calibration Data – Data transmitted from the spacecraft that contain information used for deriving subsystem calibration parameters.

Command Database – Database containing all commands authorized for use during flight operations that includes descriptions, mnemonics, and any limitations for use.

Demonstration – proves or shows by observation of results, usually without measurement, that the project/product complies with requirements.

Engineering Calibration Database – Database containing parameters, which can be applied to a telemetry item to calculate the equivalent engineering units.

Engineering Data – Data transmitted from the spacecraft that contains information used for engineering analysis and test.

Engineering Units – Units of voltage, current, temperature, etc., which are related to discrete spacecraft telemetry counts through calibration equations.

Ground Network – Ground station for receipt of downlink telemetry and transmission of uplink data and commands to GLAST. The GN includes the interconnecting network for transmission of telemetry and commands to and from the MOC.

Higher Level Science Processing – Processing of level 1 data into science products. Consists of generating exposure calculations, detecting sources, measuring their spectra, determining their time histories, and locating potential counterparts in other astronomical catalogs.

Housekeeping Data – Data transmitted from the spacecraft that include LAT health and status information such as temperatures, currents, voltages, and discrete states.

Inspection – To examine visually or use simple physical measurement techniques to verify conformance to specified requirements.

LAT Test bed – Hardware command response and T&DF simulator used to develop, test, validate and verify flight software, command procedures, and instrument parameter changes.

Level 0 Processing – Processing raw telemetry to remove space-to-ground transmission artifacts. The processing typically consists of time-ordering telemetry packets, removing incomplete, corrupted, or duplicate packets, and annotating with quality flags. 

Level 1 Processing – Processing level 0 data into level 1 data consists of creating a database of reconstructed gamma-ray photons and cosmic rays which includes energy, direction of arrival, arrival time, quality parameters, and associated pointing and livetime history.

Level 2 data—The results of analysis of Level 1 data such as spectral fits and source detections. The processing that produces Level 2 data is called Level 2 processing.

Level 3 data—Compendia of Level 2 data. 

Science Data – LAT data, containing science events and any related spacecraft and LAT data required for ground processing.

Simulation – To examine through model analysis or modeling techniques to verify conformance to specified requirements.

Telemetry – Data as received by the ground station and prior to level 0 processing. 

Telemetry Database – Database containing specifications of all packetized telemetry that can be generated and transmitted by the spacecraft during flight operations that includes descriptions, mnemonics, data types and method for performing engineering calibration if appropriate.

Testing – A measurement to prove or show, usually with precision measurements or instrumentation, that the project/product complies with requirements.

Unfiltered Event Data – LAT event data generated from the Level 1 Trigger and not subjected to on-board filtering algorithms prior to downlink. 

Validation – Process used to assure a requirement set is complete and consistent, and that each requirement is achievable.

Verification – Process used to ensure that the selected solutions meet specified requirements and properly integrate with interfacing products.

3 APPLICABLE DOCUMENTS

Documents that are relevant to the verification and validation of the GLAST Instrument Science Operations Center:

492-MOC-007 “MOC Test Plan”
LAT-SS-00015 “LAT ISOC Performance Specification – Level II(b) Specification”  

LAT-MD-00408 “LAT Program Instrument Performance Verification Plan”

LAT-MD-01376 “LAT Integration and Test Plan”

3.1 ISOC Verification Plan Overview

The following sections identify the simulations and tests the ISOC will conduct and participate in to verify the requirements identified in the LAT Level II and Level III specifications and to validate ISOC functionality. The performance verification of the ISOC will primarily be accomplished through test and demonstration. Functions, products, and capabilities will be demonstrated during the execution of the simulation or test and the requirements will be satisfied based on pass/fail criteria. 

3.2 Simulations and Tests

The ISOC will participate in a number of tests and simulations, including those conducted as part of the overall LAT instrument and ground system performance verification. The ISOC simulations and some of the Ground Readiness Tests (GRTs) are developed specifically to exercise ISOC functionality; the other activities involve portions of ISOC functions as secondary objectives.

3.2.1 ISOC Simulations

Four ISOC simulations will be performed to verify and validate primarily internal ISOC requirements and functionality. Each simulation builds on the objectives covered in previous tests and refines products or processes. The simulations are linked to software releases and are scheduled to occur prior to participation in GRTs and ETEs. 
ISOC SIM-1 Objectives (precedes GRTs 2 and 3)
· Receive and display RT HK data from MOC

· Provide basic LAT planning and scheduling
· Process Level 0 data into Level 1 products
ISOC SIM-2 Objectives (precedes GRTs 4 and 5)

· Receive and display Level 0 HK and Science data from MOC
· Convert HK data into engineering units

· Apply limit checking and alarms
· Archive received and generated data (and provide access to archived data)

· Generate Level 1 and 2 data products and send to GSSC

· Generate and distribute instrument response function for LAT

· Full LAT planning and scheduling, including constraint checking and generating proposed commands and instrument files
· Generate a command history and operations log
· Send planning and scheduling files to GSSC

· Receive and display Flight Dynamics Products

· Generate SAA boundary updates for LAT
· Electronic logbook and limited web access to reports and data products

· Plotting and trending of HK and Science data
ISOC SIM-3 Objectives (precedes GRTs 6 and 7, ETE 1, 2, and 3)
· Send LAT planning and scheduling products to MOC (for contingency operations)

· Interpret diagnostic telemetry packets
· Web access to data products (with user/password protection where appropriate)

· Anomaly tracking and notification system

· Full automatic operation of data handling/processing pipelines including receipt of all data, detection of anomalies and generation and distribution of data products

· Support all basic observatory operations
ISOC SIM-4 Objectives (precedes ETE 4, 5, and 6)
· Enhancements based on user experience to date

3.2.2 Integration and Test

The instrument flight software, science analysis software, databases, and many of the ISOC operational tools are utilized and verified during instrument integration and test. Operational products and functions such as the commanding capability, telemetry display, alarms, trending, and limit checking will be exercised during integration and test. The operational versions of these products and functions and all ISOC requirements will be demonstrated during internal ISOC simulations as well as tests and simulations involving the MOC and GSSC. Data will consist of both simulated and real instrument data. 
Thermal Vacuum Testing at NRL

ISOC testing during thermal vacuum testing is TBD.

Observatory Testing at Spectrum Astro

ISOC testing during observatory testing is TBD.
3.2.3 


· 
· 
· 
· 
· 

· 
· 
· 
· 
· 
· 

· 
· 
3.2.4 Ground Readiness Tests

A series of seven Ground Readiness Tests (GRTs) will verify and validate the LOF interface with the Mission Operations Center (MOC) and GSSC as well as exercise data flow, performance and major functionality. The tests will be conducted using simulators or recorded data. The first five tests are designed to measure major functionality and the last two tests will be reserved for regression testing. The GRT test objectives that involve the ISOC are listed below. Note, GRT-1 does not involve the ISOC.

· 
· 
· 
· 
· 
GRT-2 Test Objectives (Basic S-Band Operations)
· 
· Receive RT HK data from MOC 
· Receive Level 0 HK from MOC
· 
· Transfer commands and file loads to GSSC

· 
· 
GRT-3 Test Objectives (Basic Ku-Band Operations)
· Process Level 0 into Level 1 products
· Exchange planning and scheduling products with GSSC
· 
· 
· 
· 
GRT-4 Test Objectives (Ground Stations Operations)
· Receive and process Level 0 HK data from MOC
· 
· 
· 
· 
·  

GRT-5 Test Objectives (Science Operations)
· Receive Level 0 science data from MOC
· Send Level 1 and Level 2 products to the GSSC
· 
· 
GRT-6 Test Objectives (Contingency Operations)
· Send command requests to MOC
· Alarm notification 

GRT-7 Test Objectives (Regression)
· Clean-up/regression testing

3.2.5 Data Challenge

The Data Challenges use simulated instrument data to exercise the LISOC/SAS pipeline through end data analysis. The simulated data are generated using a model of celestial gamma ray emission together with models of the charged particle background on-orbit and cosmic-ray interactions in the upper atmospheres. The challenges increase in complexity as launch approaches.

3.2.5.1 Data Challenge 1

3.2.5.2 Exercise exposure, data pipeline, and analysis tools. Send Level 1 data to GSSC. Data Challenge 2

Expand on DC1 objectives. Includes evaluation of quick look analysis and pulsar and GRM analysis tools. Process Level 0 data into Level 1 data and apply low-level calibration constants. Check alignment of the tracker.

3.2.5.3 Data Challenge 3

This is planned to be a full-up test of standard analysis environment with flight versions of science tools. 

3.2.6 End-to-End Tests

A series of five end-to-end tests (approximately two days in length each) will verify the compatibility between the MOC and the observatory. The ISOC is responsible for supporting the LAT instrument during these tests. The tests will validate data exchanges including: telemetry, memory dumps, Solid State Recorder (SSR) operations, commands, command loads, and memory loads. The first End-to-End tests will be used to test basic interface compatibility between the Observatory and the Ground System. As the system matures the end-to-end tests will become more operational in nature and include additional ground system elements. Test objectives that involve the ISOC are listed below.
ETE Test 1 – Basic Observatory T&C
· Receive Level 0 files (post-test)

· Generate Level 1 data products and provide to GSSC
ETE Test 2 – Basic Command/Memory Management
· Receive RT HK data

· Provide observatory timeline input
ETE Test 3 – Basic Observatory Operations
· Autonomous repoints
ETE Test 4 – Advanced Operations
· L&EO timeline segments
ETE Test 5 – Regression and Contingencies
· Incorporate updates
Launch Site ETE – Launch Operations
· No involvement
3.2.7 Mission Simulations

Three Mission Simulations occur prior to launch to rehearse normal and contingency operations for early-orbit activities and key operations. These simulations will include the LAT turn-on sequence and other LAT operational procedures.

3.3 Databases (insert summary description from Jim Lemon)
3.3.1 Telemetry and Command

Verification – review of T&C Database definition

Validation – use of T&C Database during I&T

3.3.2 Calibration Data

TBS
3.3.3 Test Data

Created during I&T

3.4 ISOC Equipment


Equipment used by the ISOC for the simulations and tests in section 3.2 consists of workstations with associated command and control software, communication hardware and software, and the LAT Test Bed. This test equipment will also be used for operations. 

3.4.1 Computers

User workstations provide the mechanism for operators to control and monitor the LAT instrument. The workstation software will be derived from the Online Workstation software used for I&T. The software provides the LAT command interface, telemetry display, alarms, housekeeping analysis, telecommunications and operations messages, instrument calibration, and database access and maintenance. 

One or more computers will be used for data archive, applications, and data communications.

3.4.2 Data Communication

The ISOC facility will interface with the MOC, GSSC, and mirror sites around the world via TCP/IP Internet connections. The ISOC also requires internal Ethernet LAN communications between the LOF and DPF. 

3.4.3 LAT Test Bed (needs updating)
The ISOC uses the LAT Test Bed during orbit operations to verify correct command parsing and upload. The Test Bed is also used for troubleshooting instrument anomalies.

The LAT Test Bed consists of the following:

Spacecraft Instrument Interface Simulator (SIIS) - used for science input (Monte Carlo and real data) and command interface testing

Flight Software Test Bed, which consists of:


Spacecraft Interface Unit (SIU)


Event Processor Unit (EPU)

Single board computer


Comm. Interface


Front-end electronics (Tower Electronics Module (TEM), Power Distribution Unit (PDU), GLT-ACD-Single Distribution Unit (GASU), Tracker Cable Controller (TCC), Calorimeter Cable Controller (CCC), etc)

4 Verification Matrix

The Performance Verification Matrix in Table 4‑1 identifies the tests and simulations where each requirement of the LAT Level II b specification will be verified. The ISOC requirements will be verified through demonstrating (D) or partially demonstrating (P) functions, products, or capabilities associated with each requirement.  

Table 4‑1 Verification Matrix (needs to be updated)
	Req't #
	Title
	Summary
	Integration and Test
	ISOC Simulations
	Ground Readiness Tests
	Data Challenges
	End-to-End Tests
	Mission Simulations

	4.2.1
	Level 0 Data Processing
	The LAT ISOC shall receive Level 0 data from the MOC and shall process the data into Level 1 event data and instrument diagnostic data
	 
	P
	P
	
	D
	

	4.2.2
	Retransmission of Level 0 Data
	The LAT ISOC shall submit requests to the MOC for retransmission of Level 0 data.
	 
	 
	D
	 
	 
	

	4.2.3
	Retransmitted Level 0 Data
	The LAT ISOC shall process retransmitted Level 0 data within 24 hours of receipt from the MOC.
	 
	 
	D
	 
	 
	

	4.2.4
	Duplicate Level 0 Data
	The LAT ISOC shall process Level 0 data received from the MOC that duplicates or overlaps portions of previously received Level 0 data.
	 
	 
	D
	 
	 
	

	4.2.5
	Data Storage
	The LAT ISOC shall store the Level 0 data for the duration of the mission.
	 
	D
	
	 D
	
	

	4.3
	Real-time Data
	The LAT ISOC shall receive real-time housekeeping data in near real time from the MOC and shall process the data for diagnostic use.
	 
	P
	P
	 
	D
	

	4.4.1
	Instrument Response Simulation
	The LAT ISOC shall develop and maintain software to simulate the detailed response of the LAT to charged particles and gamma rays.
	
	
	
	D
	
	

	4.4.2
	Event Reconstruction and Classification
	The LAT ISOC shall develop algorithms to interpret the subsystem responses, apply calibration constants, and to find and identify incident photons.
	
	
	
	D
	
	


	Table 4‑1 Verification Matrix cont’d

	Req't #
	Title
	Summary
	Integration and Test
	ISOC Simulations
	Ground Readiness Tests
	Data Challenges
	End-to-End Tests
	Mission Simulations

	4.4.3
	Calibration
	The LAT ISOC shall monitor and update low-level calibration constants for the instrument and shall generate IRFs needed for higher-level analysis
	D
	
	
	D?
	D?
	

	4.4.4
	Level 1 Processing Pipeline
	The LAT ISOC shall maintain a processing pipeline for event reconstruction and classification.
	
	D
	
	
	
	

	4.4.5
	Higher Level Analysis
	The LAT ISOC shall develop and support high-level analysis tools in conjunction with the GSSC.  
	
	D
	
	D
	
	

	4.4.6
	Level 2 Processing Pipeline
	The LAT ISOC shall maintain a processing pipeline for Level 2 analysis tasks that can be automated, such as searching for transient sources, monitoring the in-flight IRFs, and refining information about alerts for transient sources generated by the instrument.
	
	D
	
	D
	
	

	4.4.7
	Level 1 Data Format
	The LAT ISOC shall provide Level 1 and higher-level data to GSSC in a format defined by the Science Data Product ICD.
	 
	D
	
	D
	
	

	4.4.8
	Science Analysis Tools
	The LAT ISOC shall develop and provide to the GSSC science analysis tools to analyze Level 1 data.
	 
	D
	
	D
	
	

	4.4.9
	LAT Mirror Sites
	The LAT ISOC shall provide Level 1 and Level 2 data to and acquire high-level science data from any associated international or domestic mirror sites provided as part of the LAT team efforts.
	 
	 D
	 
	D
	 
	 

	4.4.10
	Level 1 and 2 Storage
	The LAT ISOC shall archive Level 1 and Level 2 data for the duration of the mission.
	
	D
	
	D
	
	

	4.5.1
	Health and Safety Monitoring
	The LAT ISOC shall monitor the health of the instrument for the duration of the mission and respond to anomalous performance, configurations, or states.
	 P
	P
	
	
	D
	D

	4.5.2
	Operations Records
	The LAT ISOC shall maintain a record of the operation, health, and performance of the LAT instrument.
	
	D
	
	
	
	

	4.5.3
	LAT Instrument Configuration
	The LAT ISOC shall derive diagnostic data from Level 1 processing to maintain on-board operating parameters and control the configuration of the LAT instrument
	
	D
	
	
	
	

	4.5.4
	LAT Instrument Performance
	The LAT ISOC shall assess the LAT instrument performance and compare actual performance against predicted performance.
	D
	
	
	D
	
	

	4.5.5
	LAT Instrument Calibration
	The LAT ISOC shall derive diagnostic data from Level 1 processing to maintain and update calibration parameters.
	D
	
	
	D
	
	

	4.5.6
	LAT Instrument Commanding
	The LAT ISOC shall generate LAT instrument commands and maintain nominal and contingency procedures to direct the safe upload of the commands.
	P
	P
	 
	 
	 D
	 

	4.5.7
	Telemetry and Command Databases
	The LAT ISOC shall develop and maintain command and telemetry databases used for generating LAT instrument commands, analyzing the health and performance of the LAT instrument, and science data analysis.
	P
	D
	
	
	D
	

	4.6
	Test and Calibration Data Processing
	The LAT ISOC shall receive and process LAT test and calibration data, including unfiltered data generated by the instrument hardware trigger, during both ground and flight operations.
	P 
	
	
	D
	P
	

	4.7.1
	Transient Alerts
	The LAT ISOC shall receive and process LAT transient alert messages from the MOC.
	 
	P
	P
	
	D 
	

	4.7.2
	Validating Transient Alerts
	LAT ISOC shall use LAT science data to validate and refine the transient alert information.
	 
	 P
	P
	 
	D
	

	4.7.3
	Submitting Alerts to GSSC
	The LAT ISOC shall submit refined transient alerts to the GSSC.
	 
	 
	P
	 
	D
	

	4.7.4
	Instrument Alerts
	The LAT ISOC shall receive, process, and respond to LAT instrument alert messages.
	
	P
	
	 
	
	D

	4.8
	LAT Instrument Flight Software
	The LAT ISOC shall maintain, update, and validate the operation and performance of the LAT onboard instrument flight software.
	 
	D
	 
	D 
	
	

	4.9
	LAT Instrument Simulator
	The LAT ISOC shall maintain an instrument simulator for validating and verifying changes to flight software and command procedures, and also for use in anomaly resolution.
	 
	 D
	
	 
	
	

	4.10.1
	Command Uplink
	The LAT ISOC shall provide instrument command uploads to the GSSC for on-orbit instrument operations and to the MOC during pre-launch test and early orbit periods.
	 
	 
	D
	 
	P
	

	4.10.2
	Command Scheduling
	The LAT ISOC shall coordinate LAT commanding with the GSSC.
	 
	 
	D
	 
	P
	

	4.10.3
	Anomalies
	The LAT ISOC shall coordinate the resolution of LAT instrument anomalies with the MOC.
	 
	 
	 P
	 
	 
	D

	4.10.4
	On-orbit Checkout
	The LAT ISOC shall support an on-orbit checkout period of 60 days.
	 
	 
	 
	P 
	 
	D

	4.10.5
	Operational Period
	The LAT ISOC shall support an on-orbit operational lifetime of a minimum of 5 years following an initial period of on-orbit checkout.
	 
	 
	 
	P
	 
	D

	4.11.1
	GSSC and LAT Mirror Site Interface for Science Data Products
	The LAT ISOC interfaces with the GSSC and LAT mirror sites to provide and receive science data products as detailed in the Science Data Product ICD.
	 
	
	D
	D
	
	

	4.11.2
	GSSC Interface for Operational Data Products
	The LAT ISOC interfaces with the GSSC to provide and receive operational data products, including instrument commands, as detailed in the Operational Data Products ICD.
	 
	 
	D
	 
	
	

	4.11.3
	MOC Interface for Operational Data Products
	The LAT ISOC interfaces with the MOC provide and receive operational data products as detailed in the Operational Data Products ICD.
	 
	 
	D
	 
	
	

	4.12.1
	Coordinate System
	The LAT ISOC shall use the J2000 inertial coordinate system as the basis for identifying and reporting celestial objects and of communicating pointing directions.
	
	D
	
	
	
	

	4.12.2
	Use of Metric Units
	As per NASA policy directive NPD 8010.2B, metric units shall be used in all data processing and design calculations in the LAT ISOC.
	
	D
	
	
	
	

	4.12.3
	Time Base
	The LAT ISOC shall use UTC as the time base.
	
	D
	
	
	
	

	4.13.1
	Communications Formats and Protocols
	The LAT ISOC shall employ the standard communications format and protocol as recommended by CCSDS for telemetry and telecommands.
	
	D
	
	
	
	

	4.13.2
	Variable Length Packets
	The LAT ISOC shall accept and accommodate variable CCSDS length packets for science, housekeeping, and alert data.
	
	D
	
	
	
	

	4.13.3
	Software Upload Formats
	The LAT ISOC shall format software uploads in blocks as specified by the MOC.
	
	D
	
	
	
	

	4.14
	Data Quality
	The LAT ISOC shall maintain the quality and integrity of observatory data during the transmission and processing of the data.
	
	D
	
	
	
	

	4.15
	Availability and Reliability
	The LAT ISOC shall be maintained for the entire mission lifetime with no loss in LISOC capability or performance.
	 
	 
	 
	 
	 
	D

	4.16
	Security
	The LAT ISOC shall be connected to the other operations and support centers by an intranet of wide area networks that is closed to, or protected from, public users of the external internet.
	
	
	D
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