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1. Document Overview
1.1 Project Objective
DARPA initiated the Lunar Grand Challenge 2005 to accelerate technology development for a Moon Based Autonomous Robot System (MBARS).  Carnegie Mellon University’s MCNAV Team (ESIS 2005 - 17614) designed the MCNAV01 (self propelling robotics lunar system) to challenge the lunar circumnavigation race as set forth by DARPA. 
MCNAV01 is designed to operate in the harsh lunar environment. The vehicle has to withstand the extreme temperature from minus 170 to plus 110 degrees centigrade depending on whether exposed or shaded from solar radiation and exposure to solar particle events.  The challenge is to complete the race route, a total distance of approximately 2826 kilometers (referred to System Assumption) within 7 earth days. The MCNAV01 must be capable of surviving these conditions and be able to adjust to unforeseen hazards on the lunar surface autonomously during the course of race. 

1.1.1 DARPA Requirements
System Constraints:
The system is constrained by the natural environment as well as grand challenge (race) rule.  MCNAV01 must operate in the harsh lunar environment and retains operational function after launching from earth and landing on the moon.  Additional customer rules are described in ESIS Lunar Grand Challenge rules.

System Requirements:

System requirements are described in detail by MCNAV System Capability Requirements and Qualification Method document.
1.2 System Description
MCNAV01 is composed of advanced sub-systems operating cooperatively to satisfy requirements as set off by DARPA for the grand challenge.  In addition to mobility (locomotion) and power system as all moving vehicle contains, MCNAV01 is installed with advanced environment sensing and navigation systems that are responsible for autonomously providing driving direction and real-time obstacle avoidance without manual assistance.  The vehicle is installed with a communication system to provide remote location identification to NASA.  The on board processing system is capable of monitoring power distribution and controlling operation of subsystems in response to emergency (power or component failure accordingly) to accomplish the race.
1.3 Purpose of System Test Plan
The purpose of the System Test Plan is to specify system verification and validation tests for MCNAV01 system.  The system test plan shall address the validation tests to demonstrate MCNAV01 system satisfaction against customer (DARPA) requirements by series of function validation demonstration.  The system test plan also address the verification tests to be performed prior to system launching on mission to moon to demonstrate system readiness for the mission by series of built in self-test and function verification demonstration.  The plan addresses the system operational evaluation test environment setup, supporting facility, personnel training, and procedures to be followed for system test.
1.4 Definitions
Table 1 – MBARS Terms and Acronyms
	Acronym
	Translation
	Definition

	DARPA
	
	Defense Advanced Research Projects Agency

	MBARS
	
	Moon Based Autonomous Robot System

	MCNAV
	
	Moon Circum Navigating Autonomous Vehicle

	NASA
	
	National Aeronautics and Space Administration

	CCB
	
	Configuration Control Board


1.5 System Assumption

Table 2 – Key Assumptions from DARPA Lunar Challenge Rules
	ID
	Assumption

	1. 
	DARPA will install 2 Loran-C transmitters on the moon

	2. 
	The race will occur following a Magellan Route above 75th parallel.  Therefore, the race will be limited to a length of 2826 km (1757 miles).

	3. 
	The race will be limited in duration to 1 earth week.  Therefore, to cover the race distance the robot will need to travel at an average speed of 4.7 m/s (10.4 mph).

	4. 
	Electric powered motors shall be used for vehicle locomotion.

	5. 
	Software updates are permitted up to 1 min prior to starting the lunar circumnavigation trek.

	6. 
	DARPA will be responsible for delivery of the rover to the lunar surface prior to the race.


1.6 Quality Assurance Involvement
The Quality Assurance (QA) team is responsible for operational testing to validate and verify that the system is compliant to regulatory & safety requirements.  The QA team with support from the System Installation & Support Team is responsible for operation testing to validate and verify MCNAV01 performs required functions with acceptable reliability to sustain the challenge race.
1.7 References
Table 3 – References for System Test Plan
	ID
	Reference

	1. 
	ESIS Lunar Grand challenge rules

	2. 
	MCNAV System Capability Requirements and Qualification Method document

	3. 
	SQA Test Plan Sample Template *

	4. 
	Sample System Test Plan Template *

	5. 
	FIS Upgrade System Test Plan *

	6. 
	MCNAV Technical Paper

	7. 
	MCNAV Operation Concept document

	8. 
	MCNAV Reliability Analysis document

	9. 
	System Engineering & Analysis 3rd edition by Blanchard B & Fabrycky W.


* Hyper-links to online document.
2. Scope and Objectives

2.1 Scope of System Functions under test
The system test plan is intended to cover the pre-challenge testing. 
2.1.1 Inclusions
All system qualification & subsystem qualification listed in the MCNAV System Capability Requirements and Qualification Method document are required to be verified during system testing unless otherwise noted as exclusion below. 
2.1.2 Exclusions
Table 4 - Excluded System Test Lists
	Requirement
	Function
	Reason

	General
	Development Unit & Integration Testing
	Document scope 

	Physical
REQ-PC-2
	Vehicle must not damage environment
	Requirement too broad.  Infinite possible tests.  Is implicitly demonstrated by obstacle avoidance and safety regulation compliance.

	REQ-ER-2
	Vehicle operation under vacuum
	Difficulty in accessing necessary environment

	Environmental
REQ-ER-4
	Vehicle damage when exposed to solar radiation
	None observable feature.  Only selects exposed parts that are radiation proof.

	Support
	Manual maintenance
	Manual maintenance is not possible once MCNAV01 is launched from earth.


2.2 Testing Method (Techniques)
Description of methods used for evaluation

1. Examination – Inspection consisting of visual, or auditory, or olfactory, or tactile, or other investigation without the use of special laboratory appliances, or procedures, or supplies and services to determine conformance to the specified requirements which can be determined by such investigations.
2. Analysis – Verification of applicable document or test results by established mathematical or technical models or simulations, algorithms, charts, graphs, circuit diagrams, or other scientific principles and procedures to provide evidence that the stated requirement was met.
3. Demonstration – Actual operation, adjustment, or reconfiguration of items to provide evidence that the designed functions were accomplished.
4. Test (measurement) – Verification and inspection shall generally denote the determination, by technical means, of the properties or elements of items, including functional operation, and involves the application of established scientific principles and procedures.
5. Certification – A document that include test results, performance data, analytical data, or vendor document asserting that the item complies with the applicable requirements.  
6. Implicit – Conformance to the requirement is verified by completion of all other tests in the verification matrix.
2.3 Testing Sequence & Scope

Pre-Challenge System test is to be carried out in the following sequence with limited scope at each step to establish confidence in system operability while minimizing duplicate testing effort.

Static Testing

1. Personnel Test and Evaluation – Tester for each specific system test is responsible for getting clear objective of assigned test and vehicle operational instruction and maintenance & installation manual by examination.
2. Software Verification – When applicable, software shall provide self test capability and when possible, incorporate hardware on board self-test results to provide individual sub-system operational status.  At the minimum, each hardware board shall provide power-up self test status report.  This shall be demonstrated by the development & integration team (see section 5).
3. Technical data verification – Outstanding technical data provided by vendor or assumed during the design & development phase that has not been (or unable to) validated at component & integration test shall be tested for validation.
4. Regulatory compliance test – Validation of local regulatory rule as listed below must be completed either by certification or laboratory test prior to field test site.
· Laser Safety Standards (OSHA 29 CFR 1926.54 & TED 1-0.15A Section III)
· RF Radiation Standards (OSHA 29 CFR 1910.97 & DoD Instruction 6055.11)
5. E-Stop system testing – Demonstration of capability to stop the operation of MCNAV01 remotely or manually at 100% confidence is required prior to starting field tests.
6. Environmental safety testing – MCNAV01 system selects to use radioactive substance for fuel.  Data analysis or implicit test demonstrating proper containment of this hazardous substance in case of accident (e.g. under fire, collision impact, or flood) must be confirmed in laboratory prior to field testing.
Operational Testing (in field)
7. Performance test – The objective of this test is to ensure that MCNAV01 provides acceptable response to satisfy performance requirements specified (reference [3]) by demonstration or specific test. 

8. Environmental qualification test – The objective of this test is to verify that MCNAV01 can operate under the harsh lunar environment by implicit testing and certification.
9. Stress tests – The objective of this test is to verify MCNAV01 is capable of continuous operation and physical abuse (launch and landing operation) required for the challenge.
10. Regression test – Repeat of test step 1 ~ 9 for resolution of each critical issue or 7 ~ 9 in different field test environment.
11. Reliability qualification tests – Reliability analysis shall be performed on the system or sub-system when applicable as outline in MCNAV Reliability Analysis Document
12. Pre-Launch Qualification Test (Operational Acceptance Test) – Customer demonstration of MCNAV01 qualification to the grand challenge.
2.4 Testing process
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Figure 1 Testing process life-cycle 
2.5 Test Approval Criteria

A test step is completed upon sign off of the completion criteria by test controller.

Deliverables

· Completed test log/script

· Completed saving of test data to the evaluation database

· Test problem report (if identified – see section 3)

Completion Criteria

· All processes completed successfully providing the expected qualification results 

· Proper resolution of identified problems.
2.6 System Test Entrance/Exit Criteria

2.6.1 Entrance Criteria

The following is a list of entry criteria that is to be fulfilled before commencement of system test.  Any deviation from the list must be approved jointly by system test controller, customer representative, and project manager.
· All development code must be unit tested.

· All sub-systems are test and verified with on board self test installed.

· All required hardware, software, and test equipment are in place.

· Sign off by system integration team on completion of system feature.
· Signed off of generated operations acceptance test checklist by customer representative.
· All system test responsibility assigned to specific individual (tester).

2.6.2 Exit Criteria

· All high severity issues (A or B) identified must be resolved and approved by CCB.

· Outstanding issues must be identified and captured as a risk and signed off as acceptable by the customer representative and the CCB.

· Vendor supplied critical operational data validated by test or certification.

· All items on operations acceptance test checklist signed off by customer representative
3. Resources

This section describes additional resources required to support the system testing.
3.1 Hardware

· Transportation for moving MCNAV01 and testing personnel to test site.
· RTG Transportation System – since RTG contain plutonium-238, Nuclear Regulatory Commission (NRC) impose strict regulations on transportation rule of these devices and thermal performance imposed by NASA.

· Personnel room & board facility at test site
· Test result recorders and storage
· (Direct/Remote) Communication Equipment to MCNAV01
· Environmental Test Chambers

· Shake table or alternatively Crane and Weight (to simulate landing/launch impact)

3.2 Software

· Vehicle operational data logging and analysis tools
· Vehicle Simulator

· Vehicle application debug/simulation/upgrade/download tools

· Path planning tool.

3.3 Test Site selection

The operational qualification test is to be conducted in one of three locations based on the feature under test.

1. Development Office – for vehicle simulation demonstration

2. Rocky climax – for obstacle testing.

3. Death Valley, CA – for operational testing in high temperature

4. Antarctic – for operational testing in low temperature
4. Problem Evaluation Process

Evaluation of system issues rely on analysis of operational data collected.

4.1 Problem Reporting

Problems identified during the system test can be a tester (operator) error, procedural error, test configuration error, or actual system function error.  The operator, procedural, and configuration errors are corrected by updating test script and therefore are resolved by the system test (QA) team following procedure outlined in Figure 1. In case of system function error, a formal evaluation process by CCB as outlined in Figure 2 is followed from problem reporting step of Figure 1 where an engineering change proposal is created. 

4.1.1 Severity Assignment

Each problem report generated from the system test is assigned a severity level in addition to test case, data, configuration, and sequence description.  The severity level is assigned as:

· "A-mission critical", i.e. can't win the race with this error in the system.
· "B-significant loss of performance", i.e. probably will not win the race.
· "C-nuisance”, i.e. nice to have this error fixed but have no affect on the race.
· "W-watch for recurrence", i.e. intermittent and no observable affect on system operation. 
4.2 Problem Evaluation Process
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Figure 2 System Change Control Process

5. System Test Case (STC)
Detail description of each test procedure is captured in test script for individual test cases.  Section 5.1 provides a traceability matrix of STC to system requirement as provided by ref 2.  Section 5.2 ~ 5.5 provides a summary of built in test (BIT) that are automatically executed by MCNAV01 on system power up to self validate the operational status of each subsystems.  These BITs are used in system test as well as prior to launch to provide minimum qualification status.

5.1 System Requirement Traceability Summary
Table 5 – System Test Requirement traceability matrix
	STC-ID
	Requirement
	Verification Item
	Method
	Site

	1. 
	REQ-PE-1
	Vehicle operational speed
	4
	1,2,3,4

	2. 
	REQ-PE-2
	Communication with Loran-C (DARPA tracking device)
	4
	1

	3. 
	REQ-PE-2
	Silent vehicle operation (moving without external communication)
	3
	1,2,3,4

	4. 
	REQ-ES-1,2
	Obstacle detection/avoidance
	3
	1,2,3,4

	5. 
	REQ-MB-1
	Vehicle Maneuver Mechanical Response Delay
	2, 4
	1,2,3,4

	6. 
	Performance
	Remote software download (data download via satellite)
	3
	1,3,4

	7. 
	REQ-PC-1
	Reliability test (operation duration)
	3, 4
	2,3,4

	8. 
	Physical
	Vehicle locomotion status
	1
	1,2,3,4

	9. 
	REQ-PC-3
	Vehicle operational weight
	4
	1

	10. 
	REQ-SA-6
	Vehicle Towing Support
	1
	1

	11. 
	REQ-PC-4
	Visual vehicle identification & operation mode indication
	1, 3
	1

	12. 
	Physical
	Impact resistance 
	2, 3, 4
	1

	13. 
	REQ-SA-1
	Laser emission 
	5
	1,2,3,4

	14. 
	REQ-SA-2
	RF radiation
	5
	1,2,3,4

	15. 
	REQ-SA-3~5
	Emergency stop control
	3
	1,3,4

	16. 
	REQ-PC-2
	Radioactive emission
	4
	1,2,3,4

	17. 
	REQ-ER-1/PC-2
	Autonomous Navigation
	3
	1,2,3,4

	18. 
	REQ-ER-3
	Vehicle operation under extreme temperature affect
	2, 3
	3,4

	19. 
	REQ-ER-5
	Vehicle operation in darkness (without light)
	3
	1,2,3,4

	20. 
	Documentation
	Vehicle operation instruction manual
	1
	1

	21. 
	Documentation
	Vehicle maintenance and installation instruction
	1
	1


Note: Component Qualification is out of scope for this document and referenced only when coverage is also implied by the system test case.
Mobility/Locomotion
	Testing Target
	PEGASUS 

	Objective
	Tests the suspension of PEGASUS and the elastic loop wheels

	Function Verified
	· The distribution of the load (weight) to each wheel
· The function to control the  rigid-step height
· The function to control the degree for climbing a slope
· The function to control the degree for descending a slope


	Testing Target
	Power Train

	Objective
	Tests the motor control and brake system

	Function Verified
	· Ability to make vehicle move to a specific speed
· Function to make vehicle stop completely

· Report abrasion status of brake


	Testing Target
	Steering

	Objective
	Tests the steering and actuators

	Function Verified
	· Function to control angle and torque to proceed to a specific direction
· Ability to follow steering commands coming from navigation subsystem


Power Generation

	Testing Target
	 Ambient Temperature Control Subsystem

	Objective
	Test the temperature controller 

	Function Verified
	· Communication with temperature controller
· Status of target ambient temperature control channel
· Status of temperature monitoring sensor


	Testing Target
	 Distribution Controller

	Objective
	 To ensure the generated power is distributed to all other subsystems and the controller can accurately monitor the amount of power that is used for each subsystem.

	Function Verified
	· The status that indicates the amount of generated power (RTG Status)
· The status that indicates the amount of used power in each subsystem.
· Stored numerical value of average power usage and peak power usage for each subsystem that is stored in advance.
· Function to measure the amount of remaining power
· Communication with subsystems on power control command channel

· Communication channel with emergency manager process

· Status of power cut off switch


Environment Sensing 

	Testing Target
	LADAR sensors

	Objective
	Tests the ability of the scanning LADAR sensors to sense the local  environment

	Function Verified
	· Scanning LADAR sensors can each correctly sense the terrain elevation and ranges to obstacles near lunar rover.
· LADAR sensor accuracy/repeatability verified to function correctly through the compensation algorithm.

· Obstacle detection verified to function correctly through each LADAR sensors


	Testing Target
	Stereo FLIR sensors

	Objective
	Tests the stereo FLIR sensors operability

	Function Verified
	· Stereo FLIR Subsystem (or system) function verified to be within calibration

· Stereo FLIR sensors can sense the terrain elevation and thermal differences the lunar rover
· Obstacle detection verified to function correctly through the stereo FLIR


5.2 Processing 

	Testing Target
	Computation Server

	Objective
	This test indicates the operational capacity of computation resource

	Function Verified
	· Status of static/dynamic memory (database/processing)
· Active CPUs (available processing power)

· Active connection (communication & control to other sub-systems)


5.3 Navigation

	Testing Target
	Pre-planning subsystem

	Objective
	Test the accuracy and effectiveness of the pre-planning subsystem

	Function Verified
	· Validate availability of pre-planning data

· Validate continuity (completeness) of pre-planned data

· Test processing speed (validate sample path calculation and loading speed)


	Testing Target
	Position Estimation & Navigation subsystem

	Objective
	Test the accuracy and effectiveness of the pre-planning subsystem

	Function Verified
	· Validate communication with location identification (Loran-c) system

· Validate coordinate of the vehicle from Loran-c vs. preplanned data

· Validate all navigation process are operational

· Validate communication with sensor subsystem

· Validate availability of space for additional data storage for calculated path

· Validate communication with locomotion subsystem







































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































MCNAV001_STP_v1.1_gca.doc
1 of 10
Last Updated: 7/24/2005 @ 6:12 PM

