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 Introduction 

1.1 Identification

This document contains the planning, preparations, and descriptions necessary for Software Verification Testing (SVT) of the Computer Software Configuration Item (CSCI) identified as the Xxxx (ZZZZ) Operational Flight Software (OFS) CSCI (identification U01407CW).

This Software Test Plan (STP) (document U0140CYM), is mandated from the Software Development Plan (SDP) for the qqqqq Department (CDRL No. A015, document U01400BC), section B.1-4.6 .  The SDP is mandated from the wwww Xxxx (ZZZZ) Projectile xxxx 0 Prime Item Development Specification (CDRL A021, document U01400NV).  This STP is developed by the Software Integrated Product Team (IPT) under the auspices of the ZZZZ Program Manager.
1.2 Purpose/Scope

The purpose of this document is to describe preparations and procedures for conducting the Software Verification Test (SVT) of ZZZZ Operational Flight Software (OFS) in order to demonstrate that the software product  meets the requirements as specified in the ZZZZ xxxxx Operational Flight Software Requirement Specification (SRS) (identification U014088Y).  This includes the identification of the individual tests to be performed along with the test environment, required test resources, and traceability to the applicable section in the OFS SRS.

Informal testing (not adhering to Configuration Management standards for SVT) is outside the scope of this document.  All references to testing are implied “formal”, except where explicitly stated.

1.3 System overview

The EX 0000, ZZZZ Propelling Charge EX 167 MOD 0  and ZZZZ Projectile Container are the EX 0000 unique items which make up the Ammunition element of the xxxx for the llllll.  The other element of the Gun Weapon Segment is the xxxx which is defined as consisting of the wwww.

The EX 0000 is defined as consisting of the Guidance Section EX 83 MOD 0, Payload Assembly EX 3 MOD 0 and Propulsion Section EX 2 MOD 0.  After being initialized and fired by the xxxx, the EX 0000 is capable of guiding to and dispensing xxxxx submunitions at target sites.  The delivery of the kkkkk is accomplished using Global Positioning System/Inertial Measurement Unit (GPS/IMU) guidance as necessary.  The Guidance Section performs the mission computer, GPS, IMU, guidance control, payload dispense control and power supply functions.  The Payload Assembly performs the payload safe/arm, payload dispense, submunitions, and system battery power functions.  The Propulsion Section performs the fin roll damping and EX 0000 propulsion functions.
1.4 Document overview

This document is based primarily on the Software Requirements Specifications.  In addition it relies on supporting ICDs and standards for guidance on test conditions, setup, and procedures. Figure 1‑1, ZZZZ PM Software Document Tree, shows the derivation of this Test Plan from other documents.  This documentation tree is not intended to detail the relationships of all documents, only relative importance to this plan. 

This document is divided into the following sections: 

a)
Section 1 identifies the scope of this document and gives a general overview.

b)
Section 2 identifies the documents applicable to the development of this document.

c) Section 3 describes the test environment for conducting the yyyyySVT.

d) Section 4 provides the software test descriptions for each formal test.

e) Section 5 provides traceability of software requirements from the Prime Item Development Specification to this document.

f) Section 6 is the requirements traceability matrix.

g) Section 7 shows the relevant organizations participating in this effort.

h) Section 8 is a matrix of test cases to requirements.

i) Section 9 discusses the details and structure of the SVT.

j) Section 10 addresses notes, acronyms, and other information not otherwise addressed in this document.

k) Section 11 describes the test case configuration for SVT.

l) Appendix A lists the OFS Build procedure.
m) Appendix B provides the test procedures for each formal test. 
Figure 1‑1, ZZZZ PM Software Document Tree
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1.5 Relationship to other plans

This document defines the test plans, descriptions, and detailed procedures intended for demonstrating performance of the EX 0000 Operational Flight Software.  In the event of conflict between statements contained in this document and other plans related to Software Verification Test activities, the information contained in this plan takes precedence.

The success of this SVT testing relies on the successful execution of other test plans.  Particularly the ZZZZ Comprehensive Test Plan (CTP) must complete successfully before SVT can commence.  Once completed, the CTP does not need to be repeated for future verification tests except in those cases where hardware or operating system (VXWorks) changes undermine confidence in the underlying processor environment.  In the event of exceptions to this rule, those will be noted in the Test Readiness Review (TRR) presentation and SVT Test Report.
REFERENCED DOCUMENTS

1.6 Government documents

The following documents of the exact issue shown form a part of this STP to the extent specified herein. 

STANDARDS

None.
SPECIFICATIONS

None.

1.7 Non-Government documents

The following documents of the current issue form a part of this document to the extent described herein.

SPECIFICATIONS

None.

STANDARDS

None.

OTHER PUBLICATIONS


U01400MB
EX 0000 Interface Control Document


U014088Y
Software Requirements Specification for the ZZZZ 



Operational Flight Software (PM OFS)


U01400BC
Software Development Plan for the Wwwww 



Department


U01407ML
Software Standards and Procedures Manual (SSPM) for the 



Wwwww Department

SOFTWARE TEST ENVIRONMENT

1.8 Overview

The SVT consists of specific test environments to accommodate the test element being run.  The Test Cases each contain the setup of an environment for executing it’s associated test procedures.  These were designed so that regression testing would not rely on executing a series of previous test cases to re-run a test.  These test cases are derived from the SRS requirements to be tested and the CTP tests..  Within the entire SVT effort, the major activities are: 

· Revise SVT Test Plan

· Refine Test Cases

· Integrate the software

· SVT Testing

The first three of these support the SVT Testing, by providing the refined test cases and detailed procedures.  The support to the Integration and Test (I&T) IPT Efforts in particular are used for developing detailed test procedures as well as evaluating the software maturity.  The CTP tests are more numerous than the SVT tests since they are aimed at testing the detailed design, rather than SRS requirements.  The SVT test cases are designed around proving the SRS requirements are met and that the entire flight of the projectile is validated.  This involves largely “black box” testing with some “white box” verification.

The relative schedule for the SVT  are in Figure 3‑1, SVT  Relative Event Relationships.  Note that the dates are not precise and only the relative event relationships are important.  Similarly, it shows the relative relationships for the actual SVT events following the successful SVT dryrun.

The test environment for SVT is shown in Figure 3‑3, SVT Functional Test Environment. The principal test tools for the SVT are the Portable Test Set (PTS) simulator, DAS, Berg, and the 6DOF simulator.  These are shown as cross-hatched boxes in the figure.

Figure 3‑1, SVT  Relative Event Relationships
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Figure 3‑2, SVT Functional Test Environment
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1.9 Test Site(s)

Formal test will be conducted in Building 810 at the Tucson, Arizona facility of Raytheon Company.  Because of the secure nature of the program, the development and test activities are performed in a classified area.

1.9.1 Software Items

ZZZZ's Six Degrees of Freedom (6DOF) product simulates the guided flight of the projectile by interfacing with the embedded Operational Flight Software containing the Guidance and Control, Mission Computer, and Navigation systems.  The 6DOF configuration for supporting the yyyyy Flight test has the following capabilities: Simulation utilities and control, Earth, Wind, Atmosphere, Air Vehicle, Airframe, Control Section, Oscillator, Rocket Motor, IMU, OFS Interface, GPS Space Vehicle, GPS Receiver, GPS Antenna, Truth NAV, Pre-programmed Guide, and Post-flight.

The PHIS software item consists of a single software build that integrates the 6DOF and OFS software products.  The software build is invoked through input files via scripted scenarios.  The software is compiled in Verdix, linked and built on the Silicon Graphics Incorporated (SGI) platform.

Software products used in support of Verification Testing for the OFS product will be certified prior to their use by the developing organization.  Certification of deliverable products (identified in Table 3‑1, Software Items) will be completed with consensus from the customer, non-deliverable  items will be certified in accordance with internal procedures and guidelines. 

Table 3‑1, Software Items, identifies all the software required to establish the proper Verification Test environment.  All items identified in this table are archived, and controlled, by Software Configuration Management (SCM).

Table 3‑1, Software Items

	PR
	Software Description
	Part Number
	Version
	Deliverable

	PR - 821
	Kontron KSE5 Software
	N/A
	V1.7(3) / Windows Kontron Elektronik 1994,1995,1996
	

	PR-xxx
	DAS System Software
	N/A
	Rel. 3 V1.71
	

	PR-xxx
	92DM12A 486 Support Software
	N/A
	V1.10
	

	PR - 811
	ZZZZ DLDR
	TBD
	TBD
	

	xx - xxx
	ZZZZ Simulation Software Build
	TBD
	TBD
	

	xx - xxx
	ZZZZ Simulation Test Driver's
	TBD
	TBD
	

	PR - 603
	PHIS Software
	TBD
	TBD
	

	PR - 602
	Green Hills Ada Library Files
	N/A
	TBD
	

	PR - 601
	S-Record KONTRON macro converter (SREC2KSE)
	N/A
	TBD
	

	PR - 572
	ZZZZ OFS Software
	TBD
	TBD
	

	PR - 496
	ZZZZ FPGA Software
	TBD
	TBD
	

	PR - 738
	VxWorks Kernel
	N/A
	TBD
	


1.9.2 Hardware and Firmware items

ZZZZ Software Verification Tests utilizing the demonstration method will be executed on an ZZZZ computer system, using the hardware configurations identified Table 3‑2, Hardware and Firmware Items and Figure 3‑2, SVT Functional Test Environment.  Proper initialization steps for the ZZZZ test environment are identified in the test procedures as defined for specific test cases.

The Integration Development Station (IDS) and the Processor/Hardware in the Loop (PHIL) are used for real-time, closed-loop hardware-in-the-loop (HIL) simulations of missile systems. 

Capabilities provided by the PHIL in support of conduct of the verification tests are Processor In the Loop (PIL) and Hardware In the Loop (HIL).  The primary difference between the configurations is inclusion of the GN&C canards.

The ZZZZ Drawer Assembly consists of the actual boards that make up the Guidance Navigation, and Control (GN&C) and the simulation software (6DOF) runs on an SGI computer.  The ZZZZ Drawer Assembly  includes the GS Hot Mock-Up Assembly and is configured to allow efficient troubleshooting and debug of the software during the integration development phase.

Hardware and firmware items used in support of OFS verification testing are certified in accordance with test plans and procedures generated by organizations responsible for development of that product.  Prior to the start of SVT, configuration audits will be performed on each item.


Table 3‑2, Hardware and Firmware Items

	Test Equipment
	Design Specification
	Top Level Drawing No.
	Deliverable

	ZZZZ PHIL
	U014094F
	3248754
	

	ZZZZ IDS
	U014094G
	3248727
	

	ZZZZ PTS
	U014094J
	3248780
	

	Guidance Section (GS) Hot Mock-Up Assembly
	TBD
	3248736
	

	Data Acquisition System (DAS)
	N/A
	N/A
	

	Kontron KSE5
	Pt # - 2-B007-2078

Pt # - 2-B007-2034
	N/A
	


The Portable Test Set (PTS) is used at the integration site as well as at the test range and is used for testing a projectile and isolating into Line Replaceable Units (LRUs).  LRUs as currently defined in the Level of Repair Analysis (LORA) include:

· the GN&C Section, 

· the Payload or Instrumentation Section, and 

· the Propulsion Section.  

The PTS and its associated software will be employed to assist testing in the PHIL.

1.9.3 Other materials

Not applicable

1.9.4 Proprietary nature, acquirer's rights, and licensing

Not applicable

1.9.5 Installation, testing, and control

The software under test will be installed on the host system in accordance with the installation instructions provided in Appendix A of this document.  Testing will be performed in accordance with the detailed procedures included in Appendix B.

Control of the software under test will be accomplished in accordance with software configuration management processes and procedures for change control documented in the SDP, SSPM, and SCM SSPs.

1.9.6 Participating organizations

TBD

1.9.7 Personnel

Personnel, procedures, and artifacts associated with Software Verification Testing are documented in the SSPM.

1.9.8 Orientation

TBD

1.9.9 Tests to be performed

Tests to be performed for the qualification of requirements documented in the PM OFS SRS are defined in section 4.0 of this plan.  Detailed procedures are included in Appendix A.   Casualty status reporting and usage is not implemented as part of the ZZZZ PM release as stated in section 3.1.6 of the PM SRS.  As such, these requirements will not be tested.  These are shown in Table 3‑3, Casualty Requirements not Tested.

Table 3‑3, Casualty Requirements not Tested

	Rqmnt #
	Requirement Text

	(9-46)
	The system shall report Casualty status if the system detects a critical failure of an Initialization Station BIT. 

	(9-62)
	The system shall report Casualty status if the system detects invalid format and/or CRC of  the pre-briefed data following xxx. 

	(9-103)
	The system shall report Casualty status if the system fails to detect 4 valid measurements from the GPS receiver 14 seconds after start search is commanded.  

	(9-170)
	Following the initial 4 valid measurements from the GPS receiver, the system shall report casualty status if the system fails to detect 4 valid measurements incorporated into a single filter cycle for a period of 45 consecutive seconds. 

	(9-33)
	The system shall report Casualty status if the measured axial acceleration is less than zero meters/second^2 for 10 consecutive measurements during the rocket motor burn window. 

	(9-176)
	The system shall report Casualty status if the system detects an IMU failure. 

	(9-182)
	The system shall report Casualty status if the system detects PCU failure.

	(9-183)
	The system shall report Casualty status if the system detects data hold battery failure. 

	(9-178)
	The system shall report Casualty status if the system detects a critical failure of a Power-up BIT. 


Test Identification

This section is divided into two overall sections: section 4.1 describes in general the tests to be executed, while sections 4.2 through 4.10 describe the nine (9) classes of tests in more detail.

1.10 General Information

Execution of the tests defined in this document assumes that the reader has the ZZZZ yyyyySRS (U014088Y) and the  Simulation User's Manual (U0140D8E) available for specific references.

To avoid maintenance of requirement text in multiple documents, requirements are paraphrased in this document.

1.10.1 Test Levels

Requirements addressed in this plan are allocated for testing at the Computer Software Configuration Item (CSCI) level, also referred to as the software work product.

Testing will be limited to actual performance of the software, testing nominal and max range tolerances as determined by the Systems Engineering organization.

1.10.2 Test Classes

Classes of tests covered in this document include boundary, timing, erroneous inputs, and robustness.  The boundary test class demonstrates how the system performs at min/max range.  The timing test class demonstrates how the system meets specific timing requirements imposed.  The erroneous test class demonstrates the systems ability to detect and handle errors.  Robustness tests may be a combination of all three (boundary, timing, erroneous inputs).

1.10.3 General Conditions

General test conditions for verification testing include use of the software and hardware items described in Sections 3.1.1 and 3.1.2 of this plan.  Specific test setups, conditions, environment, and tools are identified in each detailed procedure.

1.10.4 Test Progression

The tests described in this plan are developed as stand-alone.  As a result, execution in a specific order is not required.

Upon completion of the configuration audits of support hardware, software, and firmware items, SVT procedures found in Appendix A will be run.  The step by step instructions will be executed and an SVT test log will be maintained to record anomalies and results in accordance with the GPD Software Quality Standards and Procedures Manual.

Defects in the software work product noted during SVT will be documented on Change Requests (CRs) and tracked to resolution and closure via the problem tracking system.

Upon completion of SVT, a Software Test Report will be prepared that summarizes test results.  This report will include a description of tests executed, status of requirements tested, as-run test procedures, and the Test Log.

1.10.5 Data Recording, Reductions, Analysis

Several tools will be used to assist in the data recording, reduction, and analysis for verification of software requirements and are shown in Table 4‑1, Data Recording and Analysis Tools.  

Table 4‑1, Data Recording and Analysis Tools

	Tool
	Description/Use

	PTS
	Reprogramming projectile from the field, LRU isolation

	PHIL
	Real-time, closed-loop Hardware-in-the-Loop simulations of missile systems

	6DOF
	Software simulation used to evaluate performance to defined tolerances

	Matlab
	Math tool used to plot simulated projectile flight data

	DAS
	Monitors ports and registers; time stamps data

	Kontron
	In-Circuit Emulation of embedded systems

	PROBE
	PC tool for TM data analysis.


Data captured and used to support verification of requirements tested will be captured and released by SCM.

1.10.6 Test Definitions

The purpose of the following paragraphs is to provide description, environment, requirement verification, and environment information for each test case.  Detailed procedures will be provided in Appendix A

1.11 BIT (TST 4.2.n)

The purpose of this test is to verify the proper operation of the OFS Built-In Test (BIT) functions.  Three test cases defined for verification of PMOFS requirements are Power Up BIT (PUPBIT), Initialization Station BIT (IS BIT), and Initiated BIT (IBIT).  Periodic BIT (PBIT) functionality is scheduled for later release(s).

1.11.1 Requirements traceability

Requirements verified in these tests are identified in Table 4‑2, BIT Test Requirement Allocation.

Table 4‑2, BIT Test Requirement Allocation

	Req.
	Paraphrased Text
	Flight State

	9-2
	Store IS data
	IS

	9-49
	IBIT process/store messages after reset
	IS

	9-50
	Support software reprogramming of the guidance system
	IS

	9-51
	IBIT execution time
	IS

	9-56
	IS BIT execution in initialization state
	IS

	9-59
	IBIT components
	IS

	9-91
	IBIT commanded
	IS

	9-107
	Verify report format and CRC of pre-briefed data
	FF

	9-166
	IBIT status on command
	IS

	9-169
	PUPBIT components
	IS/FF

	9-171
	IS BIT components
	IS

	9-177
	IBIT complete Boot, PUPBIT, Initialization, IMU enabled
	FF


1.11.2 Description

BIT tests are run in the target environment to ensure that the BIT functionality performance is compliant with the SRS.  These tests will be executed by powering the system up in a known good state, verifying that the proper components are tested, introducing faults for the various components and ensuring that those faults are accurately detected and reported.  Data format and CRC will be verified, as well as the reprogramming capability.

The DAS and PTS will be used to verify BIT status and message traffic.  Evaluation criteria for each requirement are defined in the detailed test procedure.

1.11.3 Evaluation Criteria

Table 4‑3, BIT Test Evaluation Criteria identifies evaluation criteria for the requirements allocated to the tests defined in this section.

Table 4‑3, BIT Test Evaluation Criteria

	Req.
	Criteria

	9-2
	Target data, xxx data, and Meteorological data is stored by the OFS

	9-49
	During the initialization state:

· PUPBIT processes and stores pass/fail status after processor reset

· IS BIT processes and stores pass/fail status after processor reset

	9-50
	Software reprogramming is accomplished via the test equipment interface (PTS)

	9-51
	IBIT execution time <= 3 minutes

	9-56
	IS BIT is executed during initialization

	9-59
	The following components were tested during IBIT:

· Control Actuator

· IMU

· AUXIO

· MC

· GPS Receiver

· Power Conditioning Unit

	9-91
	Successful completion of IBIT

	9-107
	Format and CRC is verified and reported after processor reset for the following:

· Target data, 

· Own Ship data, and 

· Meteorological data

	9-166
	System reports IBIT status on command within 300 (TBR) ms after BIT is commanded

	9-169
	PUPBIT tests are executed for the following components:

· Processor Operation

· Memory

· DMA Controller

· Serial Ports

· Interrupt Controller

	9-171
	IS BIT tests are executed for the following components:

· Control Actuator

· GPS Receiver

· IMU

· AUXIO

· PCU

· Payload Safe and Arm Subsystem

· Power-Up Bit Status

	9-177
	IBIT complete Boot, PUPBIT, Initialization, IMU enabled within 1.5 seconds


1.11.4 Assumptions and Constraints

None

1.11.5 Safety, Security, and Privacy Considerations

None

1.12 Roll Estimation and Stabilization (Test 4.3.n)

The purpose of this test is to verify the OFS software implementation for roll estimation and stabilization is in accordance with the SRS.

1.12.1 Requirements traceability

Requirements verified in this test are identified in Table 4‑4, Roll Estimation and Stabilization Requirement Allocation.

Table 4‑4, Roll Estimation and Stabilization Requirement Allocation

	Req
	Paraphrased Text
	Flight State

	9-27
	Estimate roll in presence of wind vector
	FF

	9-28
	Orient attitude following initiation of canard deployment
	FF

	9-29
	Report roll stabilization status
	FF

	9-32
	Output attitude information following receipt of valid IMU
	FF

	9-96
	Report zeroization status on command to the IS station
	IS

	PMOFS-01
	The system shall estimate elapsed system time since xxx.
	FF

	PMOFS-31
	Reset roll estimate if GPS is not acquired after roll  stabilization
	FF


1.12.2 Description

This test is performed in an all-digital environment to verify canard deployment, attitude, crypto key zeroization, and roll estimate and stabilization of the projectile.   Scenarios defining steady wind conditions with random gusts is executed to exercise roll estimation as well as to monitor and report roll stabilization.  The crypto key commands will be exercised during this sequence of events for the zeroize command, status, and reporting.

Evaluation criteria for each requirement are defined in the detailed test procedure.  Analysis of MATLAB data will be performed to verify roll estimates, projectile orientation and reporting of stabilization.

1.12.3 Evaluation Criteria

Table 4‑5, Roll Estimation and Stabilization Evaluation Criteria identifies evaluation criteria for the requirements allocated to the tests defined in this section.

Table 4‑5, Roll Estimation and Stabilization Evaluation Criteria

	Requirement
	Criteria

	9-27
	Roll is estimated to +/- 20 degrees of truth within 7 seconds following receipt of valid IMU data

	9-28
	Attitude is estimated within +/- 20 degrees of up within 1.5 seconds following initiation of canard deployment

	9-29
	System reports stabilization state status

	9-32
	Yaw and pitch are within 1 degree of truth

	PMOFS-01
	Estimate elapsed time since gunfire

	PMOFS-31
	Roll estimate is reset by 120 degrees up to 2 times when GPS is not acquired within 7 seconds after roll stabilized


1.12.4 Assumptions and Constraints

Simulation environment does not constitute "real world".  Undetected errors may exist in simulation software and tests for such errors do not exist.

1.12.5 Safety, Security, and Privacy Considerations

None

1.13 Canard (TST 4.4.n)

The purpose of this test is to verify that the guidance timelines in the system meet expected allocations. 

1.13.1 Requirements 

Requirements verified in this test are identified in the table Table 4‑6, Canard Test Requirement Allocation.

Table 4‑6, Canard Test Requirement Allocation

	Req
	Paraphrased Text
	Flight State

	9-3
	Issue output drive command to MC following receipt of input command
	FF

	9-4
	Output to canard deflection measurements to guidance at command generation rate
	FF

	9-7
	Command canard deployment
	FF

	9-11
	Ignore external deflection commands for 150 (TBR) milliseconds following receipt of canard deployment command
	FF

	9-20
	Canard command time
	FF

	9-21
	Limit output canard position commands
	FF


1.13.2 Description

The test is executed in an all-digital environment, canard commands are issued, and the DAS is used to trace all activity monitors and timelines.

1.13.3 Evaluation Criteria

Table 4‑7, Canard Test Evaluation Criteria identifies evaluation criteria for the requirements allocated to the tests defined in this section.

Table 4‑7, Canard Test Evaluation Criteria

	Req.
	Criteria

	9-3
	Input position command is received <=1.0 milliseconds

	9-4
	Canard deflection measurements do not overlap

	9-7
	Deployment time is within 10 milliseconds of command

	9-11
	System ignores external deflection commands for 150 (TBD) milliseconds

	9-20
	Canard deflection command is issued within 0.9 milliseconds of receiving 100 Hz navigation data

	9-21
	Command deflection to +/- 17.5 degrees. Verify OFS limits deflection to +/- 17.5 degrees


1.13.4 Assumptions and Constraints

None.

1.13.5 Safety, Security, and Privacy Considerations

Canard Deployment shall only be done after verifying that IS BIT is good or that the GS is in test mode.

1.14 Battery Activation ( TST 4.5.n)

The purpose of this test is to monitor status of power to the system once the projectile has transitioned to Free Flight.  

1.14.1 Requirements 

Requirements verified during this test are identified in Table 4‑8, Battery Activiation Test Requirement Allocation.

Table 4‑8, Battery Activiation Test Requirement Allocation
	Req
	Paraphrased Text
	Flight State

	9-99
	Report status on command of data hold battery
	IS

	9-101
	Activate data hold battery on command
	IS

	PMOFS-C01
	Detect and report data hold battery faults
	FF


1.14.2 Description

This test is executed in the target environment.  Battery commands are initiated and status is detected and reported.

Evaluation criteria for each requirement are defined in the detailed test procedure.

1.14.3 Evaluation Criteria

Table 4‑9, Battery Activation Test Evaluation Criteria identifies evaluation criteria for the requirements allocated to the tests defined in this section.

Table 4‑9, Battery Activation Test Evaluation Criteria

	Req.
	Criteria

	9-99
	Status is reported to the Initialization Station when Data Hold Battery is commanded

	9-101
	Data Hold Battery is activated on command

	PMOFS-C01
	System detects and reports Data Hold Battery fault


1.14.4 Assumptions and Constraints

None

1.14.5 Safety, Security, and Privacy Considerations

None

1.15 Stationary Test Mode (TST 4.6.n) 

The purpose of this test is to verify the ability of the system to acquire GPS and receive telemetry output while the projectile is on the ground.

1.15.1 Requirements

Requirements verified in this test are identified in Table 4‑10, Stationary Test Mode Requirement Allocation.

Table 4‑10, Stationary Test Mode Requirement Allocation
	Req
	Paraphrased Text
	Flight State

	PMOFS-22
	Provide stationary test mode that supports achieving GPS acquisition while on the ground
	None

	PMOFS-23
	Provide stationary test mode that supports achieving telemetry output while on the ground
	None


1.15.2 Description

This test will be executed in a special test mode.  GPS acquisition will be commanded and the telemetry database will be reviewed to verify receipt of telemetry data.

Evaluation criteria for each requirement are defined in the detailed test procedure.

1.15.3 Evaluation Criteria

Table 4‑11, Stationary Test Mode Evaluation Criteria identifies evaluation criteria for the requirements allocated to the tests defined in this section.

Table 4‑11, Stationary Test Mode Evaluation Criteria

	Req.
	Criteria

	PMOFS-22
	GPS acquisition is accomplished  while projectile is on the ground

	PMOFS-23
	Telemetry data is recorded while projectile is on the ground


1.15.4 Assumptions and Constraints

None

1.15.5 Safety, Security, and Privacy Considerations

None

1.16 Casualty Reporting (TST 4.7.n)

Not applicable to PM SVT.

1.17 Fault (TST 4.8.n)

The purpose of this test is to verify that system faults are accurately detected and reported.

1.17.1 Requirements 

Requirements verified during this test are identified in Table 4‑12, Fault Test Requirement Allocation.

Table 4‑12, Fault Test Requirement Allocation

	Req
	Paraphrased Text
	Flight State

	PMOFS-C02
	Detect and report PCU fault 
	IS/FF

	PMOFS-C03
	Detect and report IMU fault
	IS/FF

	PMOFS-C32
	Detect and report  GPS receiver fault
	IS/FF


1.17.2 Description

This test will be executed in the target environment and will verify the system’s handling of faults.  The tests are designed to start the OFS is a “good” state, introduce faults in each of the areas addressed in the requirements listed, and verify that the proper status is reported.

Evaluation criteria for each requirement are defined in the detailed test procedure.

1.17.3 Evaluation Criteria

Table 4‑13, Fault Test Evaluation Criteria identifies evaluation criteria for the requirements allocated to the tests defined in this section.

Table 4‑13, Fault Test Evaluation Criteria

	Req
	Criteria

	PMOFS-C02
	PCU faults are detected and reported 

	PMOFS-C03
	IMU faults are detected and reported

	PMOFS-C32
	GPS receiver faults are detected and reported


1.17.4 Assumptions and Constraints

None.

1.17.5 Safety, Security, and Privacy Considerations

None.

1.18 Mission Data  (TST 4.9.n)

The purpose of this test is to verify that linear propagation of the projectile position is performed accurately by the system and that the projectile flight path is in accordance with preprogrammed maneuver commands.  The handling of crypto key storage will also be validated during execution of this test.

1.18.1 Requirements 

Requirements verified during this test are identified in Table 4‑14, Mission Data Test Requirement Allocation.

Table 4‑14, Mission Data Test Requirement Allocation

	Req.
	Paraphrased Text
	Flight State

	9-30
	Position estimate based on truth initialization data and true time since gunfire
	FF

	9-31
	Velocity estimate based on truth initialization data and true time since gunfire
	FF

	PMOFS-02
	Control flight path based on preprogrammed maneuver commands
	FF

	PMOFS-21
	Relay Ephemeris to the GPS receiver
	IS


1.18.2 Description

This test will be executed in an All Digital environment in order to simulate projectile performance after gunfire.   

Estimates of the projectile's position and velocity will be compared against truth data to assess performance.  The flight path of the projectile will be reviewed to ensure that they match the preprogrammed maneuvers.

Evaluation criteria for each requirement are defined in the detailed test procedure.

1.18.3 Evaluation Criteria

Table 4‑15, Mission Data Test Evaluation Criteria identifies evaluation criteria for the requirements allocated to the tests defined in this section.

.

Table 4‑15, Mission Data Test Evaluation Criteria

	Req
	Criteria

	9-30
	Linear positions outputs are estimated within xxx meters, based on truth initialization data and true time since xxx following receipt of valid IMU data

	9-31
	Linear velocity outputs are estimated within xxx meters/second based on truth initialization data and true time since gunfire following receipt of valid IMU data

	PMOFS-02
	Projectile flight path is based on preprogrammed maneuver commands

	PMOFS-21
	The following data is transmitted to the GPS receiver:

· Ephemeris


1.18.4 Assumptions and Constraints

None

1.18.5 Safety, Security, and Privacy Considerations

None

1.19 Acquisition (TST 4.10.n)

The purpose of this test is to verify GPS acquisition and navigation accuracy.

1.19.1 Requirements 

Requirements verified during this test are identified in Table 4‑16, GPS Acquisition and Navigation Accuracy Requirement Allocation.

Table 4‑16, GPS Acquisition and Navigation Accuracy Requirement Allocation

	Req
	Paraphrased Text
	Flight State

	9-72
	Provide inertial data to guidance upon  receipt of inertial data from the IMU
	FF

	9-75
	Provide updated navigation state to guidance upon receipt of reference inertial data from IMU
	FF

	9-77
	Initial acquisition aiding data accuracy
	FF

	PMOFS-05
	Command Clear Acquisition (C/A) acquisition
	FF

	PMOFS-C06
	Casualty information is made available to telemetry
	FF

	PMOFS-C07
	Report acquisition status
	FF

	PMOFS-C08
	Report tracking status
	FF


1.19.2 Description

This test will be executed in an all-digital environment to exercise navigation accuracy and reporting.   NAV accuracy will include testing of the accuracy defined in the GPS receiver specification (U01403AT), the IMU performance specification (U01401E4), and the IS station data accuracy per the EX171 To Guns ICD (U01400MB).  In addition, acquisition commands will be issued to ensure that acquisition tracking and status is accurately reported.

Evaluation criteria for each requirement are defined in the detailed test procedure.

1.19.3 Evaluation Criteria

Table 4‑17, Acquisition Test Evaluation Criteria identifies evaluation criteria for the requirements allocated to the tests defined in this section.

Table 4‑17, Acquisition Test Evaluation Criteria

	Req
	Criteria

	9-72
	Reference inertial data is provided to Guidance within 0.6 milliseconds of receipt of reference inertial data from the IMU

	9-75
	Updated NAV state is provided to Guidance within 10 milliseconds of receipt of reference inertial data from the IMU

	PMOFS-05
	C/A is commanded

	PMOFS-C06
	Casualty information is made available to telemetry

	PMOFS-C07
	System reports acquisition status

	PMOFS-C08
	Acquisition tracking status is reported


1.19.4 Assumptions and Constraints

None

1.19.5 Safety, Security, and Privacy Considerations

None

Test schedules
Because of the dynamic nature of the test schedules, they are not included as part of this document.  
Requirements traceability
Table 6‑1, Software Requirements Traceability Matrix shows traceability of requirements allocated to Program Maneuver Operational Flight Software.  This mapping is from the SRS to the CSCI test.
Table 6‑1, Software Requirements Traceability Matrix

	Requirement ID
	SRS Paragraph
	STP Paragraph
	Verification Method

	9-2
	3.2.4.1.1
	4.2.2
	D,T

	9-3
	3.2.3
	4.4.1
	A

	9-4
	3.2.3
	4.4.1
	A

	9-7
	3.2.3
	4.4.1
	A

	9-11
	3.2.3
	4.4.1
	A

	9-20
	3.2.2.1
	4.4.1
	A

	9-21
	3.2.2.1
	4.4.1
	A

	9-27
	3.2.2.2
	4.3.1
	A

	9-28
	3.2.2.2
	4.3.1
	A

	9-29
	3.2.2.2
	4.3.1
	A

	9-30
	3.2.2.2
	4.9.1
	A

	9-31
	3.2.2.2
	4.9.1
	A

	9-32
	3.2.2.2
	4.3.1
	A

	9-49
	3.2.4.1.1
	4.2.2
	D,T

	9-50
	3.2.4.6
	4.2.2
	D

	9-51
	3.2.4.2.1
	4.2.2
	A

	9-56
	3.2.4.2.3
	4.2.2
	A

	9-59
	3.2.4.2.1
	4.2.2
	A

	9-72
	3.2.1
	4.10.1
	D, A

	9-75
	3.2.1
	4.10.1
	D, A

	9-91
	3.2.4.2.1
	4.2.2
	D

	9-96
	3.8.1
	4.3.1
	D

	9-99
	3.2.4.3
	4.5.1
	D

	9-101
	3.2.4.3
	4.5.1
	D,T

	9-107
	3.2.4.1.2
	4.2.2
	D,A

	9-166
	3.2.4.2.1
	4.2.2
	D

	9-169
	3.2.4.2.2
	4.2.2
	A

	9-171
	3.2.4.2.3
	4.2.2
	A

	9-177
	3.2.4.1.2
	4.2.2
	T,A

	PMOFS-01
	3.2.2.2
	4.3.1
	A

	PMOFS-02
	3.2.2.3
	4.9.1
	A

	PMOFS-05
	3.2.1
	4.10.1
	D, A

	PMOFS-21
	3.2.4.1.1
	4.9.1
	D,T

	PMOFS-22
	4.1
	4.6.1
	D

	PMOFS-23
	4.1
	4.6.1
	D

	PMOFS-31
	3.2.1
	4.3.1
	D,A

	PMOFS-C01
	3.2.4.3
	4.5.1
	D,T

	PMOFS-C02
	3.2.4.2.4
	4.8.1
	D

	PMOFS-C03
	3.2.4.2.4
	4.8.1
	D

	PMOFS-C05
	3.2.2.3
	4.7.1
	A

	PMOFS-C06
	3.2.1
	4.10.1
	D, A

	PMOFS-C07
	3.2.1
	4.10.1
	D, A

	PMOFS-C08
	3.2.1
	4.10.1
	D,A

	PMOFS-C32
	3.2.4.2.4
	4.8.1
	D

	PMOFS-C33
	3.2.4.2.4
	4.8.1
	D


1.20 VERIFICATON METHODS

Verification methods defined for requirements tested during SVT are as follows:

[D]emonstration
The operation of the software product, or part of the software product that relies on observable functional operation not requiring the use of instrumentation, special test equipment, or subsequent analysis.

 [T]est
The operation of the software product, or a part of the software product, using instrumentation or other special test equipment to collect data for later analysis

 [A]nalysis
The processing of accumulated data obtained from other qualification methods.  Examples include reduction, interpretation, or extrapolation of test results

 [I]nspection
The visual examination of the software product, or a part of the software product

1.21 Test Status Codes

The following status codes are used to indicate test status of requirements demonstrated during SVT.

Pass (P)

Requirement and/or test meets documented evaluation criteria

Fail (F)
Requirement and/or test does not meet documented evaluation criteria

Expected Fail (EF)
Requirement and/or test results have known/documented anomaly

No Test (NT)

Requirement and/or test are "not run for score"

Other organizations & functions

The SVT Effort depends on six other organizations for its success.  These are illustrated in Figure 7‑1, SVT Organization I/F, which shows at a high level, what artifacts are passed with each of these organizations.  The details on these interfaces are covered in the subparagraphs for each area.

Figure 7‑1, SVT Organization I/F
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1.22 Metrics

Metrics are gathered throughout the SVT effort as recommended in the Software Development Plan.  The majority of these are gathered and calculated by other organizations.  However, the SVT group provides supporting data to enable complete determination of results from metrics gathered. Figure 7‑2, Software Metrics Overall Process from the SSPM (par  5.16)  shows the relative flow of metrics in an improvement process, which includes  SVT team participation.

Figure 7‑2, Software Metrics Overall Process
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To support the extrapolation of the metrics,  the SVT effort will provide the data shown in Table 7‑1, Software Metrics Data Supplied to the Software IPT.

Table 7‑1, Software Metrics Data Supplied

	Metric Source
	Metric Name
	Metric data to be supplied by SVT effort 

	xxx
	Cost Performance Metrics - Cost 

SW Schedule/Delivery Performance Metrics - Schedule Performance Index (CTD)
	· BCWS and BCWP on a weekly basis

· Schedule changes (BCWS, BCWP, or task changes)

	xxx
	Defect Density Metric

Fault Density Metric
	· Change Requests (details on all problems)

	xxx
	Staffing Metric

Requirements Metric

Integration and Qualification Test Metric
	· Schedule changes

· Promotion Requests (status changes to software element’s status)

· Requirements testing progress (related to test elements, which define the BCWP).


Because the SVT effort begins in the requirements phase, some of the metrics gathered are in other time periods prior to the actual SVT.  Table 7‑2, Metrics Use by Development Phase, shows the metrics by phase in which they are gathered.  Only metrics for ZZZZ software are shown which require data from the SVT effort.

Table 7‑2, Metrics Use by Development Phase

	METRIC
	DESCRIPTION
	Requir’t

Analysis
	Design
	Code &

Unit Test
	I&T
	SVT

	SW Cost Performance Metric
	Cost Performance
	X
	X
	X
	X
	X

	Staffing Metric
	Staffing by Labor Hours
	X
	X
	X
	X
	X

	Test & Integration
	Test Case Completion
	
	
	X
	X
	X

	Defects
	Reason, Type, Density
	
	
	
	X
	X

	Defects
	Defect Containment
	
	
	
	X
	X

	Stability
	Requirements Stability by Product

# Change Request Submitted, Status, & Open, Source of Changes, Open by Priority
	
	X
	X
	X
	X


1.23 Software Quality Engineering

The SVT activities require participation of Software Quality Engineering (SQE) to the full letter and intent of the SDP document.  To serve that purpose, SQE will be kept abreast of all SVT activities and documents.  SQE approval is necessary for completion of this document, the Test Cases, and Test Procedures.  SQE approval is also required for start and completion of the TRR, SVT dry run, SVT, and the completion of the SVT Test Report.  The following documents represent the minimum deliverables to the SQE organization:

· SVT Team Schedule

· SVT Test Plan

· SVT Test Cases (with procedures)

· TRR Draft Presentation

· Dryrun SVT oversight

· Dryrun SVT Test Report

1.24 Integration & Test

The results from the Comprehensive Test Plan (CTP) will be the primary interface with the I&T effort.  The ZZZZ Software schedule dictates two major activities using this CTP: OFS Integration Testing, and Full OFS SW Systems Testing.  The CTP mandates 17 I&T builds to support all the tests within the CTP.  Many of these tests are considered “white box”, where the principal objective of the SVT is “black box” testing.  For this reason a subset of the CTP tests will be considered critical to the SVT.  The successful completion of these tests is necessary to begin SVT.  The CTP tests will be used where possible to define the test procedures and test cases used in SVT.  This mandates a close, ongoing relationship between the SVT effort and the I&T effort.  This document, the TRR, and SVT Test Report will be supplied to the I&T department with feedback and current test status as expected inputs.  The CTP tests of interest to the SVT are listed in Table 7‑3, CTP Tests for .

Table 7‑3, CTP Tests for SVT

	Category
	IS MODE
	CTP Test Paragraph/ requirement

	Reprogramming
	Software Reprogramming SRS par 3.2.4.6
	A.3.4 MC BootComm-4 – GL2A Reprogrammer Processor

	IBIT
	IBIT SRS par 3.2.4.2.1
	A.6.14 MC BIT-14 – IBIT Mode Correct BIT Execution

	
	
	A.6.14 MC BIT-14 – IBIT Mode Correct BIT Execution

	
	
	A.6.14 MC BIT-14 – IBIT Mode Correct BIT Execution

	
	Initialization State SRS par 3.2.4.1.1
	A.12.1 MC IS-1 Nominal

	
	
	A.12.1 MC IS-1 Nominal +

A.12.5 MC IS-5 Mission Data

	
	
	A.12.1 MC IS-1 Nominal

	ISBIT
	ISBIT SRS par 3.2.4.2.3
	A.6.4 MC BIT-4 – IS Mode Correct BIT Execution

	
	
	A.6.4 MC BIT-4 – IS Mode Correct BIT Execution

	
	
	A.6.5 MC BIT-5 – IS Mode BIT Fault Reporting

	
	PowerUp BIT SRS par 3.2.4.2.2
	A.3.7 MC BootComm-7 – IS Detection Download

	
	Security/Crypto Keys SRS par 3.8.1
	A.12.7 MC IS-7 IS GPS Keys Zeroization

	
	
	A.12.7 MC IS-7 IS GPS Keys Zeroization.

	
	
	A.12.7 MC IS-7 IS GPS Keys Zeroization

	
	Data Hold Battery SRS par 3.2.4.3
	A.12.1 MC IS-1 Nominal

	
	
	A.12.1 MC IS-1 Nominal

	
	
	A.6.5 MC BIT-5 – IS Mode BIT Fault Reporting

	
	Periodic BIT SRS 3.2.4.2.4
	A.6.5 MC BIT-5 – IS Mode BIT Fault Reporting

	
	
	A.6.10 MC BIT-10 – Free Flight Mode BIT Fault Reporting

	
	
	

	
	FREE FLIGHT MODES
	

	Power Up
	PowerPC BIT SRS par 3.2.4.2.2
	A.3.7 MC BootComm-7 – IS Detection Download

	
	Initialization In The FF Activation SRS par 3.2.4.1.2
	A.12.8 MC IS-8 IS Initialization Time Line

	Periodic BIT
	Periodic BIT SRS 3.2.4.2.4
	A.6.5 MC BIT-5 – IS Mode BIT Fault Reporting

	
	
	A.6.10 MC BIT-10 – Free Flight Mode BIT Fault Reporting

	Canard
	Canard SRS par 3.2.3
	A.15.2.1 Sys-8.1: 2Hz/25Hz/100Hz/1000Hz Timeline Verification

	
	
	A.15.2.1 Sys-8.1: 2Hz/25Hz/100Hz/1000Hz Timeline Verification

	
	
	A.15.7.2.1 Control Section-2-1: Canard Deployment PIL Tests

	
	
	A.15.7.2.1 Control Section-2-1: Canard Deployment PIL Tests

	
	
	A.15.7.2.2 Control Section-2.2: Canard Deployment HIL Tests

	
	
	A.15.7.2.2 Control Section-2.2: Canard Deployment HIL Tests

	PM1
	IMU (SRS 9-30, 9-31,...)
	A.13.1.1 Sys-13.1 – Target PM #1

	
	
	A.13.1.2 Sys-13.2 – All Digital PM #1

	
	
	A.13.2.1 IMU/Strapdown-1 : Inertial Flight with Perfect IMU

	
	
	A.13.2.2 IMU/Strapdown-2 : Inertial Flight with IMU errors

	
	
	A.13.2.3 IMU/Strapdown-3 : IMU/Strapdown Performance Tests

	GPS
	
	A.14.1.1 Sys-1 : Stationary Nominal Test

A.14.1.2 Sys-2 : Stationary Atmospheric Effects Test

A.14.1.4 Sys-4 : Nominal Flight Profile Test

A.14.1.5 Sys-5 : Y-code Tracking Test

A.14.1.6 Sys-6 : SA Test

	
	
	A.14.1.7 Sys-12 : Navigation System Timeline Analysis

	
	
	A.14.1.2 Sys-2 : Stationary Atmospheric Effects Test

A.14.1.5 Sys-5 : Y-code Tracking Test

A.14.1.6 Sys-6 : SA Test

A.14.1.7 Sys-12 : Navigation System Timeline Analysis

	
	
	A.14.1.3 Sys-3 : Stationary SV Clock Test

	Guidance
	PM OFS SRS 9-21, 9-28 to 9-31
	A.15.1.2 Sys-7.2: Guidance Pre-yyyyyVerification

A.15.7.1 Control Section-1: Loop Closure and Position Limiting Analysis

	
	PM OFS SRS 9-20, PMOFS-01
	A.15.2.1 Sys-8.1: 2Hz/25Hz/100Hz/1000Hz Timeline Verification

A.15.9.4 Guide Exec-4:  Navigation Interface

	
	PM OFS SRS 9-27

PM OFS SRS 9-29, PMOFS-C05


	A.15.3.1 Sys-9.1: Guidance Roll Fallback Logic Verification

A.15.6.2 Autopilot-2: Roll Stabilization Capability

	Navigation
	PM OFS SRS 9-67, 9-75, 9-77
	A.15.4.3.1 Airframe-3.1: Verify Navigation Data Using Truth NAV Interface

	
	PM OFS SRS 9-67
	A.15.9.4.1 Guide Exec-4.1: Guidance Data Set Verification

	
	PM OFS SRS 9-7, 9-11
	A.15.7.2.1 Control Section-2-1: Canard Deployment PIL Tests

	
	PM OFS SRS 9-103, PMOFS-C08, 9-29, PMOFS-C055
	A.15.9.2.1 Guide Exec-2.1: Guidance State and Mode Transitions


The OFS SVT is dependent on the completion of verification testing for the 6DOF simulation tool, PTS, and  the PHIL environment as shown in Figure 7‑3, SVT to OFS SVT Relationship.

Figure 7‑3, SVT to OFS SVT Relationship
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1.25 Software CM

The Software Configuration Management organization is relied upon to provide CM for all artifacts created by the SVT effort and those used by the SVT in conducting the test.  Included in this are all Change Requests (CRs) and Promotion Requests.  SCM is expected to build the OSF software when needed by the SVT for dry run and the actual SVT.  The OSF software to be tested will be delivered on a 1.44 MB DOS floppy disk in ZIP format for install on the PTS.  The Reprogrammer test (IS-8) is then performed to load the OFS image onto the MC for testing.  The steps for performing the OFS build are listed in Appendix A.  A regular interface with the SCM occurs at the Software Configuration Change Board (SCCB) where all CRs and PRs are reviewed.  In this manner, the SVT people are kept aware of possible impediments to SVT activities.

1.26 Customer

The customer is open to all documents and activities of the SVT effort.  This is under the caveat that SVT test development efforts are not hampered beyond what is reasonable.  The particular interactions called for in the SDP are the TRR prior to SVT, SVT itself, and the SVT Test Report.  The SVT effort relies on the ZZZZ Program Manager to determine what documents and SVT preparation artifacts should be supplied to the customer and under what conditions.  The TRR, and SVT are expressly for the customer, so feedback and approval in these areas is considered essential to conducting a successful SVT.  The TRR format will consist of a presentation with the document delivered to the customer prior to the TRR meeting.  The dry run SVT TRR and dry run SVT Test Report are also essential events in getting customer feedback.

1.27 6DOF Simulation

The 6DOF SIM software will be used extensively in executing the CTP tests.  It is anticipated that some script modifications may be necessary for the actual SVT tests.  For that reason the 6DOF personnel will be included in any activities where 6DOF planning or testing is performed in preparation for the SVT.  The SVT team will supply any specific needs for 6DOF scripts, but these are expected to be minimally different from the I&T usage.  The 6DOF SIM developer will assist in procedures for use of the 6DOF, and development of the data for 6DOF test scripts.

1.28 Test Lab

The Test Lab Manager will be consulted for all scheduling, security, and environmental elements in the lab where the SVT is conducted.  It is necessary to fully cooperate with the Test Lab Manager for all SVT activities, including the lengthy preparation process.  Principally schedule and test conditions will be conveyed to the Lab Manager on an initial, and  change, basis.

Test Cases

The tests to verify the SRS requirements and related validation are shown in Table 8‑1, Test Case Listing.  This lists the Test ID number, name, method for verifying the requirement, and the status of the projectile when the requirement is applicable.

Table 8‑1, Test Case Listing

	Test ID
	Test Name
	Verification Method
	Free Flight Status

	IS-1
	BUILD IN TEST (Initiated BIT /SRS par 3.2.4.2.1)
	A
	IS

	IS-2
	INITIALIZATION "STATE" (Initialization Station / SRS par 3.2.4.1.1)
	A
	IS

	IS-3
	BUILT IN TEST (Initialization Station BIT / SRS par 3.2.4.2.3)
	A
	IS

	IS-4
	BUILT IN TEST (Power Up BIT / SRS par 3.2.4.2.2)
	A
	IS

	IS-6
	DATA HOLD BATTERY / SRS par 3.2.4.3
	A
	IS

	IS-8
	SOFTWARE REPROGRAMMING (SRS par 3.2.4.6)
	A/D
	IS

	FF-1
	BUILT IN TEST (Power Up BIT / SRS par 3.2.4.2.2)
	A
	FF

	FF-2
	INITIALIZATION (Initialization In The Free Flight Activation / SRS par 3.2.4.1.2)
	A
	FF

	FF-3
	BUILT IN TEST (Periodic BIT / SRS 3.2.4.2.4)
	A
	FF

	FF-5
	CANARD (Canard / SRS par 3.2.3)
	A
	FF

	FF-6
	GUIDANCE (Free Flight State/ SRS par 3.2.2.1)
	A
	FF

	FF-7
	GUIDANCE (Free Flight Stabilization / SRS par 3.2.2.2)
	A
	FF

	FF-8
	GUIDANCE (Free Flight Midcourse / SRS par 3.2.2.3)
	A
	FF

	ST-1
	Test Modes Supporting Contractor Master Test Plan (SRS 4.1)
	D
	FF (Stationary Nav)

	FF-9
	NAVIGATION  SRS par 3.2.1
	D
	FF

	FF-10
	NAVIGATION  SRS par 3.2.1
	D
	FF

	ST-2
	Casualty Determination(SRS 3.2.44)
	A
	FF


The traceability from requirements to Test Cases is shown in Table 8‑2, Test Case/CTP/Requirements Traceability Matrix.  This also shows the CTP Tests related to the Test Case ID’s from this plan.

Table 8‑2, Test Case/CTP/Requirements Traceability Matrix

	ID
	CTP Test
	Title
	Flt State
	SW Prod
	Requirement Met

	IS-1
	A.6.14
	BUILD IN TEST (Initiated BIT /SRS par 3.2.4.2.1)
	IS
	MC
	9-91

9-51

9-59

9-166

	IS-2
	A.12.1
	INITIALIZATION "STATE" (Initialization Station / SRS par 3.2.4.1.1)
	IS
	MC
	9-49

9-2

PMOFS-21

	IS-3
	A.6.4
	BUILT IN TEST (Initialization Station BIT / SRS par 3.2.4.2.3)
	IS
	MC
	9-56

9-171

PMOFS-C32

	IS-4
	A.3.7
	BUILT IN TEST (Power Up BIT / SRS par 3.2.4.2.2)
	IS
	MC
	9-169



	IS-6
	A.12.1
	DATA HOLD BATTERY / SRS par 3.2.4.3 
	IS
	MC
	9-101

9-99

PMOFS-C01

	IS-8
	A.3.4
	SOFTWARE REPROGRAMMING (SRS par 3.2.4.6)
	IS
	MC
	9-50

	FF-1
	A.3.7
	BUILT IN TEST (Power Up BIT / SRS par 3.2.4.2.2)
	FF
	MC
	9-169



	FF-2
	A.12.8
	INITIALIZATION (Initialization In The Free Flight Activation / SRS par 3.2.4.1.2)
	FF
	MC
	9-177

9-107



	FF-3
	A.6.5
	BUILT IN TEST (Periodic BIT / SRS 3.2.4.2.4)
	FF
	MC
	PMOFS-C03

PMOFS-C02

	FF-5
	A.15.2.1, A.7.2.1
	CANARD (Canard / SRS par 3.2.3)
	FF
	CANARD
	9-3

9-4

9-7

9-11

	FF-6
	A.15.2.1, A.15.9.4
	GUIDANCE (Free Flight State/ SRS par 3.2.2.1)
	FF
	GUIDE
	9-20

9-21

	FF-7
	A.15.3.1, A.15.7.1, A.15.6.2
	GUIDANCE (Free Flight Stabilization / SRS par 3.2.2.2)
	FF
	GUIDE
	PMOFS-01

9-27

9-28

9-30

9-31

9-32

9-29

	FF-8
	A.15.3.1, A.15.6.2
	GUIDANCE (Free Flight Midcourse / SRS par 3.2.2.3)
	FF
	GUIDE/MC
	PMOFS-C05

PMOFS-02



	ST-1
	
	Test Modes Supporting Contractor Master Test Plan (SRS 4.1)
	
	TEST
	PMOFS-22

PMOFS-23

	FF-9
	A.15.4.3.1, A.15.9.2.1, A.16.6.2
	NAVIGATION  SRS par 3.2.1
	FF
	NAV
	9-67

9-67b

9-67c & d

9-69

PMOFS-31,

PMOFS-05,06

PMOFS-C07

	FF-10
	
	NAVIGATION  SRS par 3.2.1
	FF
	NAV
	9-72, 9-75

9-77, PMOFS- C08, PMOFS-C32



	ST-2
	
	A.6.10
	FF
	All
	PMOFS-06


Each Test Case, as shown in A, consists of a Test ID, Test Case, and Test Procedures.  The Test ID lists the requirements from the SRS, which are being met by that Test Case.  The Test Case contains in abstract form, the overall flow of what the test flow is like and how verification is accomplished.  It also contains any notes where clarification on any vague statements are needed or added.  This notes section is for capturing any questionable events as the test case is prepared or executed.  The Test Procedures contain, at a fairly low-level, the steps to perform and verify the test results.  Additionally, there are five setup condition procedures which are used across all test cases where reference.  These are procedures on using the test equipment in the Lab: DAS, PTS,  Kontron, IDS, PHIL, and VxWorks Tornado.

It is intended that a test case may contain procedures for testing several requirements.  The test case is intended to be an environment for running all tests requiring that environment.  However, it is necessary to keep the number of procedures per test case small for regression testing.

SVT Details

1.29 General SVT Testing Guidelines

Guidelines associated with SVT, not covered elsewhere in this document, are listed in this section of the plan.

1. Prior to SVT, the ZZZZ software will undergo integration to ensure readiness for SVT software test.  This is beyond the CTP test discussed in section 7.3 of this document, and covers integration tests to correct any discrepancies discovered during dryruns of SVT or resulting from the CTP tests.

2. The ZZZZ software will be under configuration management prior to commencement of any SVT test activity.

3. Realistic, external data will be used to the maximum extent possible as a means of obtaining data to verify ZZZZ software tests.  To be realistic, the data will be delivered to the ZZZZ product via it's intended hardware (GPS receiver, IMU interface, etc.) where possible.

4. No “special” software builds will be created for individual tests.  The goal is to run actual flight software during all tests.  It is recognized that constant manipulation within the flight software (e.g., modified checksums) may be necessary to perform certain tests; this is permissible.

5. There is no automatic regression testing policy.  The amount of retest associated with any problem identified during testing is decided on a case-by-case basis by the SCCB after taking into account the nature of the problem.

6. Red-lines to the test procedures during the SVT are acceptable and do not constitute a reason to repeat a test.

1.30 Schedule

The general schedule of events for the SVT was shown in section 3.1.  The main events for the SVT are the TRR, CM Build, SVT Environment Setup, IS Tests, Review IS Tests, PS Tests, and SVT Test Report (review).  This complete set of activities is expected to take about twenty days (20) with a duration breakout as shown in Table 9‑1, Main SVT Events Durations.  This reveals that the IS and FF tests take about 19  days.  The expected duration and specific tasks will change as the SVT date approaches.

Table 9‑1, Main SVT Events Durations

	Event
	Duration (days)

	Readiness Eval. (TRR)
	2

	CM Build
	2

	Environment Setup
	3

	IS Tests
	3

	Review IS SVT Results
	1

	FF Tests
	3

	Review PM SVT Results
	1

	SVT Test Re-runs
	2

	Review Results
	2


1.31 Attendees

The SVT is principally conducted for the customer of the ZZZZ project.  However, other organizations are necessary to meet the standards imposed by the SDP and other documents.  Because of limited space there are certain non-critical individuals who should not attend.  The developers of the software should not attend because of possible bias.  The presence of the following players is required for the SVT to be conducted:

· SCM, for the Builds, 

· SQE , 

· SVT people to run the tests, 

· selected management,

· customer representatives.

Close coordination of the daily activities will be held with the Lab Manager, and those on the I&T team, especially relating to any problems.  The SCM people should not be needed unless there is required CM activity

1.32 Data Recording and Reviews

1.32.1 SVT Software Test Logbook

A daily record of all  SVT software testing activity occurring in the ZZZZ Engineering Lab is maintained by the software team in a logbook.  Logbook entries should err on the side of providing too much information.  Any additional information required to explain a problem (bus analyzer files, data files, logic analyzer output) is referenced in the logbook or printed out and placed in the logbook.

Annotated test procedures for successfully completed tests are filed in the logbook as evidence of testing.  Logbook entries are reviewed by an SQE representative during post test reviews.  The logbook information is summarized in a SVT Software Test Report (STR) issued upon completion of testing.  

1.32.2 TRR Format

The Test Readiness Review will occur on the first day of the SVT in accordance with the SDP, and SPPM.  It will consist of a handout and presentation covering all activities and documents leading to the SVT.  These will be presented to detail and then summarize how the software is judged mature enough for formal testing.  The following guidelines from the SSPM (par 3.7.3.6) will be followed:

“The agenda for TRR includes:

Requirements being satisfied

· Software Status/Design changes since last review

· Test evaluation criteria

· Expected test results

· SCM Status

· SQE Status and Assessment

Test readiness is determined at the conclusion of TRR by members of the Test Review Board (TRB)

TRB membership (likely to change for each OFS verification test) includes:

· Software Manager

· Software Team Lead

· Software Quality Engineering

· Product Stakeholders

· Customer

TRB is convened to review final SVT results at the completion of the test and data analysis

Recommendation for accepting or rejecting the software product is made by the TRB after review of qualification test results.”

1.33 Product Reviews

Internal Product Reviews of the CSCI software test documents are conducted prior to document release.  Documents subject to review are the Software Test Plan (STP), Software Test Procedures, and Software Test Reports (STRs).   Minimum attendance for Internal Product Review includes the SVT test lead, software technical lead or representative, and SQE representative.  Minutes of these reviews are recorded as Peer Review Minutes and kept on the ZZZZ server.

1.34 Problems Reporting - 

1.34.1 Pass/Fail Criteria

The test procedures and cases will have within them, identification of expected results.  In simple Pass/Fail evaluation, when these are met the test passes, otherwise, it fails.  However, the test procedures do not fully prioritize tolerances and details of importance.  There may exist observations, which cause the test to be suspect and yet meet the pass criteria.  Similarly, the test may fail in non-critical data observations, but pass the majority of expected results.  To quantify these criteria, there are sub-categories of Pass and Fail, so those tests can be passed, but flagged for future investigation, while others may fail, but with indications of criticality.  These are shown in Table 9‑2, Pass/Fail Qualifiers and will be used during the test, to determine test progression, and in the SW Test Report.

Table 9‑2, Pass/Fail Qualifiers

	Status
	Qualifier
	Explanation

	Pass
	1
	Met all criteria.

	
	2
	Met all criteria, but unexpected side effects or expanded test needed.

	
	3
	Met major criteria, minor data failure or too close to tolerances.

	Fail
	1
	Severe failure impacting other tests cases for this CSCI.

	
	2
	Severe failure, only impacting this test case.

	
	3
	Minor, only the specific problem must re-tested.


Using these qualifiers, the SVT tests may continue with any Pass and even Fail 2, or 3.    A Pass other than 1, will most likely require re-testing of the test case (partial or full), before SVT completes.  The impact of any status other than Pass 1, depends on what is the nature of the test problems.  If the fix requires any items under CM to change, then re-test is moved to the SVT Test Re-runs part of the SVT test schedule.  If the impact is only to procedures, or non-specified environment set-up, then the test can be re-run at the next opportunity.

1.34.2 Problem Reports

The ZZZZ software team has a requisite responsibility to ensure the ZZZZ software is under configuration control.  An SQE representative witnesses SCM generation of the ZZZZ software release submitted for SVT software test.  SCM captures the content of the release in a Version Description Document (VDD).

To enable software problem reporting and tracking coordination, a Software Configuration Control Board (SCCB) is established.  The SCCB manages software problem reporting and tracking for the ZZZZ software beginning with generation of ZZZZ Release 1.00.  The SCCB meets regularly during CSCI software test to expeditiously disposition software problems.

For all confirmed problems revealed during software testing, a Software Change Request (SCR) is generated and submitted to the SCCB.  The board decides appropriate action for all SCRs.  The board may elect to fix the problem and rerun tests in part or in whole, or decide to incorporate the change into a later release of software.  The board’s disposition may involve changes to the requirements, design, code, documentation and/or test procedures.  Amount of regression testing associated with any problem reported is at the discretion of the board and is made on a case by case basis.

Additional detail on ZZZZ CSCI software configuration management, software problem reporting and tracking, and the ZZZZ SCR form are contained in the ZZZZ SDP.

1.35 Post Test Reviews

On completion of a major portion of the SVT and after all testing is complete, a review will be held to assess the SVT testing activity.  During this review the logbook is reviewed for omissions, decisions are made to investigate identified problems or issue a problem report, and consensus is reached on test passage.  At the final Post Test Review, a summary of all tests conducted, requirements verified, and software test anomalies detected is presented.  The minimum Post Test Review attendance includes the software team leader, software program manager, test conductor, and SQE representative witnessing the test.

1.36 SVT Test Report

The SSPM merely states, “Upon completion of qualification test, a Software Test Report is prepared to formally document the sequence of events beginning with TRR through the completion of qualification test.”    This document will include the following paragraphs:

· TRR Presentation 

· TRR  & SVT schedule: actual versus predicted

· TRR  notes

· Chronology of testing events including start/end times and dates.

· Cross reference of Test Cases, Pass/Fail Criteria, comments, re-test data

· Problems summary

· Recommend Future Actions

· Conclusions

Notes

1.37 ACRONYMS

6-DOF
Six Degree of Freedom

A&E
Aerospace and Electronic

A/J
Anti-Jam

ANSI
American National Standards Institute

AT
Acceptance Test

AUR
All-Up Round

BIT
Built-in Test

C/A
Clear Acquisition

CEP
Circular Error of Probability

CONOPS
Concept of Operations

CR
Change Request

CSCI
Computer Software Configuration Item
CTP
Confidence Test Plan

DAS
Data Acquisition System

DB
Database

DOD
Department of Defense

ECEF
Earth Centered Earth Fixed

ZZZZ
Xxxx
FPGA
Field Programmable Gate Array

SVT
Function Verification Test

G&C
Guidance and Control

GEU
Guidance Electronics Unit

GFE
Government Furnished Equipment

GN&C
Guidance, Navigation, and Control

GNU
Guidance Navigation Unit

GPD
Wwwww Department

GPS
Global Positioning System 

GS
Guidance Section

HIL
Hardware in the Loop

HIL/PIL
Hardware in the Loop/Processor in the Loop

IBIT
Initiated Built-In-Test

ICD
Interface Control Document

IDS
Integration Development Station

IMU
Inertial Measurement Unit

IPT
Integrated Product Team

IS
Initialization Station

MC
Mission Computer

N/A
Not Applicable

NAV
Navigation

OFS
Operational Flight Software

PBIT
Periodic Built-In-Test

PHIL
Processor/Hardware in the Loop

PIDS
Prime Item Development Specification

PIL
Processor in the Loop

PIL/HIL
Processor-in-the-Loop / Hardware-in-the-Loop

PR
Promotion Request

PTS
Portable Test Set

PUPBIT
Power UP Built-in-Test

SCM
Software Configuration Management

SGI
Silicon Graphics Incorporated

SDP
Software Development Plan

SQE
Software Quality Engineering

SRS
Software Requirements Specification

SSP
Software Standard and Procedure

SSPM
Software Standards and Procedures Manual

STE
Special Test Equipment

STEP
System Test Equipment Program

STP
Software Test Plan

SV
Space Vehicle

SW
Software

TBD
To Be Determined

TBR
To Be Refined

TM
Telemetry

TRR
Test Readiness Review

UUT
Unit Under Test

UV
Ultraviolet


Test Cases & Configuration

The test cases will be executed in the ZZZZ lab on the configuration shown in Figure 11‑1, 6DOF All Digital and Figure 11‑2, Free Flight Simulation.  The test cases will use subsets of the configuration in Figure 3‑2, SVT Functional Test Environment.  These subsets are used in the IS mode tests (cases IS-1 through IS-9), and those FF tests using an all-digital 6DOF simulation (not requiring Guidance or Nav).  Figure Figure 11‑1, 6DOF All Digital shows the limited test environment for running the OFS tests not requiring Guidance or Nav.  Tests IS-1 through IS-9 will use the IDS/PTS Sim and MC as shown in Figure 11‑2, Free Flight Simulation.

Figure 11‑1, 6DOF All Digital
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Figure 11‑2, Free Flight Simulation
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Appendix A  OFS Build procedure

This procedure assumes the source code and build routine have already been released.

1. Open a window on a Green Hills licensed machine (hippo is recommended since it is a faster machine).

2. CD to the directory containing the scm release view (released build file), ex. 


$cd /home/baseline/zzzz/target_build.ss/scm_ofs_build_010000.rel

3. $cd build

4. Start the build tool in the background mode.


$adamulti ofs.bld&

5. The build gui will appear. Select the “Build All” button from the “Build” menu selection. The progress window may be monitored for errors. The progress file is saved when the link is complete by selecting the “Save” button on the progress window GUI.

6. Record the size of the executable file(OFS).

Appendix B :  Software Test Cases

Appendix A:
ZZZZ Software Test Logbook

	ZZZZ OFS Software Test Logbook

	Date:

	Team Members:

	SUE CSCI Release:

	Test Activities
	
	
	
	
	

	Test Procedure:
	
	
	
	
	

	Steps Completed:
	
	
	
	
	

	Redlined?
	Y / N
	Y / N
	Y / N
	Y / N
	

	Results Reviewed?
	Y / N
	Y / N
	Y / N
	Y / N
	

	Pass* / Fail / Incomplete
	P / F / I
	P / F / I
	P / F / I
	P / F / I
	

	* File annotated copy of test procedure in this logbook.
	

	Software Problems Observed:
	PTR:
	Action Taken:

	Hardware Problems Observed:
	Action Taken:

	Test Equipment Problems Observed:
	Action Taken:

	Notes:

	Post Test Review Signature:
	Time:
	


Appendix B:
Test Readiness Review Check List

ZZZZ OFS Test Readiness Review Checklist

Person Completing Form:   ______________________
Date:   ____________

	
	
	OK
	NR
	See Log

	1.  CSCI Readiness:

	a. CSCI is under SCM control.
	
	
	
	

	b. CSCI contains required functionality to begin testing.
	
	
	
	

	c.  Appropriate integration testing complete on all CSCs.
	
	
	
	

	d.  All integration results are screened for problems impacting CSCI software testing.
	
	
	
	

	2.  Test Readiness:

	a.  Sequence of CSCI software tests for this release is established and scheduled.
	
	
	
	

	b. STD procedures for this build are prepared.
	
	
	
	

	c.  Guidelines for controlling software test procedure changes and resolving test anomalies have been reviewed for adequacy.
	
	
	
	

	d.  Major milestones defined in the schedule for this release have been reviewed for completeness.
	
	
	
	

	e.  SUE CSCI Software Test Logbook available in SUL Engineering Lab.
	
	
	
	

	3.  Test Facility Readiness:

	a.  Test facility resources needed for this release are available.
	
	
	
	

	b.  All known problems and limitations of the test facility are documented and evaluated for impact on CSCI software testing of this release.
	
	
	
	

	c.  Status of previously identified corrective actions, impacting CSCI software testing, has been reviewed.
	
	
	
	


	d.  Changes to previously approved requirements documents and design documents having impact on CSCI software testing have been identified.
	
	
	
	

	e.  A VVD has been created of the release submitted to CSCI software testing.
	
	
	
	
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