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1. Document Overview
1.0. Project Objective

The SkyBot project aims at building a Race Vehicle Subsystem that can win the 12.4 mile Pikes Peak Robot Hill Climb Race 2006, while ensuring safety of the spectators and the environment. The project complies with the requirements of the race as defined in the SkyBot Requirement Analysis document and plans to work within the practical cost and schedule constraints. The project cares for the vested interests of its stakeholders and targets to utilize this opportunity to create a breakthrough in the field of Robotics.
1.1. Race Vehicle Subsystem Description

The SkyBot Race vehicle subsystem is designed to satisfy the requirements specified in the SkyBot Requirements Analysis document for the Pikes Peak Robot Hill Climb race. The race vehicle subsystem has the following basic functional elements –
· Sense – Sense the obstacles and the path to move forward
· Perceive – Perceive the route to follow and the nature of the obstacles
· Plan – Plan to take the optimal path by avoiding obstacles
· Navigate – Navigate safely in the correct direction at the correct speed 
· Record – Record the navigation 
· Monitor Safety – Monitor the safety of the race vehicle and take necessary steps in case of emergencies
1.2. Test Plan Objective
The Test Plan specifies the system verification and validation tests for the Race vehicle subsystem based on the SkyBot Requirements Analysis document for the Pikes Peak Robot Hill Climb race. The test plan comprises of the following –
· Unit test plan – Test plan for the individual components and the main subsystems in the Race vehicle subsystem. This test is conducted as and when the individual components are ready.
· Subsystem test plan - Test plan for the main subsystems in the Race vehicle subsystem. This test is conducted as and when the individual subsystems are ready.
· Subsystem Integration test plan – Test plan during the integration of the individual subsystems to build the complete Race vehicle subsystem. This test is conducted when the subsystems are integrated step by step.
· System Test plan – Test plan for the complete Race vehicle subsystem to verify if the race vehicle is ready for the race in an environment similar to the real-time race environment. This test is conducted at least one week before the race vehicle goes for the pre-qualification run.
The Test plan also describes the test environment set up, testing personnel, supporting facilities, and the procedures to be followed for the test.
1.3. Quality Assurance 

The Quality Assurance team reviews the test plans and the test results to ensure that the Race vehicle subsystem meets the qualifying criteria for the race, especially in terms of speed and safety. The QA team co-ordinates with the system development, installation and testing teams to verify and validate the race vehicle based on the requirements. The QA team is responsible to certify that the race vehicle is ready for the actual race with an acceptable percentage of reliability as specified in the requirements analysis document. 
2. Scope and Objective
2.1. Testing Categories
Testing is a continuous process that evaluates the elements of the Race Vehicle subsystem during all the phases of the subsystem life cycle through a series of testing techniques. The various categories of testing and evaluation based on the program phase of the Race vehicle subsystem are –

· Analytical Evaluation – To verify design relationships and detect potential issues in the Race vehicle subsystem at an early stage 
· Type 1 Testing – To verify the performance models and physical design characteristics during the initial phases of detail design of the Race vehicle subsystem
· Type 2 Testing – To verify the initial qualification of the Race vehicle subsystem for operational use
· Type 3 Testing – To verify if the individual components can function collectively as a single subsystem after integration and deliver the required results. This test can provide a close approximation to the complete operational simulation of the Race vehicle subsystem
· Type 4 Testing – To verify the true capability and the operational effectiveness of the Race vehicle subsystem to improve upon a few specific areas
2.2. Testing Scope
The testing scope for our Race vehicle is limited to Type 2 and Type 3 testing. The Type 2 test includes the following testing techniques –
· Performance tests – To verify individual system performance characteristics
· Environmental qualification – To verify the effect of the RVSS on the overall environment in terms of pollution, electromagnetic interference, etc.
· Structural tests – To verify material characteristics specific to stress, strain, bending, torsion, etc.
· Reliability qualification – To test the reliability of the RVSS by verifying the MTBF and MTBM of the elements of the RVSS
· Maintainability demonstration – To test the maintainability of the RVSS by verifying the mean active maintenance time, mean corrective maintenance time, mean preventive maintenance time, maintenance labor-hours per operating hour, etc.
· Technical data verification – To verify the operational and maintenance of the RVSS 
· Software verification – To verify the operational and maintenance software of the RVSS such as the hardware-software compatibility and software reliability and maintainability 
During Type 3 testing, the following features are evaluated –
· Compatibility between the prime equipment and the software
· Compatibility between the prime equipment and the support equipment 

· Operational activities of the RVSS
· Maintenance support functions of the RVSS

2.3. Testing Sequence 

The testing sequence is planned effectively and efficiently to establish confidence in the RVSS operability while minimizing redundancy in testing.
2.3.1. Static Testing
Static testing is done to verify a lot of features in the RVSS –

1. Personnel Test and Evaluation
2. Software Verification

3. Technical data verification

4. Regulatory compliance test

5. E-stop system testing

6. Environmental safety testing

2.3.2. Operational Testing
Operational testing is done to take care of the operational functionalities of the RVSS –

1. Performance test

2. Environmental qualification test
3. Stress test
4. Regression test

5. Reliability qualification test

3. Preparation for test and evaluation
3.0. Test and evaluation procedures
Each test plan consists of –

· Testing requirement

· Traceability to Requirements document

· Criticality of the requirement

· Expected result

3.1. Test site selection
The operational test has to be conducted in the following locations –

· School playground (Plain area with no traffic regulations and no other vehicles moving around)
· Less busy mountainous area (Area with upward slopes, downward slopes, steep curves, obstacles and temperature conditions similar to that of the race area)
· Development and Testing center (To conduct inspection and simulation tests)
3.2. Test personnel and training

Test personnel are assigned for testing each specific subsystem in the RVSS. The test personnel can be broadly classified into the following categories –
· Software testers – To test the software requirements such as image processing, RDDF processing, path planning techniques, etc.
· Hardware testers – To test the mechanical operations of the RVSS such as navigation control, sensor control and media control 
· Simulation testers – To conduct certain tests in the Development and testing center using the process of simulation

· System testers – To test the RVSS as a whole to verify and validate all the static and operational requirements of the race as defined in the Requirements analysis document
· Maintenance personnel – To fix simple maintenance issues that arise in the RVSS during the test process

· QA team – To review the test plans and the test results to ensure that the RVSS meets the qualifying criteria for the race, especially in terms of the primary requirements of speed and safety
3.3. Test facilities and resources
The facilities and resources required for testing include hardware and software requirements.
3.3.1. Hardware
· Transportation facilities for moving the RVSS and the test personnel to the test site
· Test equipment for testing the various components of the RVSS
· Test vehicle for performing the unit and subsystem test. This test vehicle shall have specifications and operating features similar to that of the vehicle procured for the race
· Test result recorders and storage

· Remote communication devices

· Environmental test chambers

· Simulators 
3.3.2. Software
· Analysis tools
· Simulation tools

· Debugging tools
· Download/upgrade tools

· Test data logging tools
· Scheduling/Appointment/electronic communication tools

3.4. Test and support equipment
In case of failure of a test case, certain test and support equipment might be required to cross-check the results or to fix the easy issues and retest immediately. In case the proper type of support equipment is not available and alternative items are required, such items also must be ready for procurement.
· Maintenance tool kit for the RVSS
· Patches/upgrade for software

· Tools to manage emergency issues/risks during testing
3.5. Test supply support

Supply support constitutes all materials, data, personnel, and related activities associated with the requirements, provisioning, and procurement of spare and repair parts and the sustaining maintenance of inventories for support of the system throughout its life cycle. 
· Spares, repair parts, and consumables 
· Test and support equipment 
· Transportation and handling equipment
· Training equipment

· Facilities and warehousing 
· Personnel 
· Technical data requirements 
3.6. Layout for test
The following layout can be used to record the test cases, traceability to requirements and expected result during the Development Testing and Evaluation planning. It can be extended to include the actual results, deviation from actual results, criticality of the requirements and acceptance criteria during the Test Review and Client Acceptance phases.
	T No.
	Test Case
	Traceability to requirements
	Criticality
	Expected Result
	Actual Result
	Deviation from actual
	Acceptance

	
	
	
	
	
	
	
	


4. Unit Test Cases
4.1. Navigation Control Subsystem –

The basic mechanical system necessary for the navigation control subsystem is procured directly from the suppliers. This procured vehicle can be tested during the unit test phase.
	T No.
	Test Case
	TR
	Expected Result

	1
	Inspect the procured vehicle 
	2.1.1
	The procured vehicle should have all the parts firmly attached/fixed

	2
	Measure the engine oil level of the race vehicle in one-hour interval
	2.1.1.1
	The change in oil level should be less than or equal to 0.1% between the 2 time periods

	3
	Measure the fuel level of the race vehicle in one-hour interval
	2.1.1.2
	The change in fuel level should be less than or equal to 0.1% between the 2 time periods

	4
	Measure the brake fluid level of the race vehicle in one-hour interval
	2.1.1.3
	The change in brake fluid level should be less than or equal to 0.1% between the 2 time periods

	5
	Subject the vehicle to stress test and vibration test
	2.1.2.12.1.2.2
	The parts of the vehicle should not fall off from the vehicle

	6
	Verify the engine fuel level
	2.1.28
	The engine fuel level should be greater the minimum fuel level but lesser than 100 octane gasoline

	7
	Start the vehicle
	2.2.1
	The race vehicle should start operating within 10 seconds

	8
	Stop the race vehicle
	2.2.1
	The race vehicle should stop operating within 10 seconds

	9
	Start and move the vehicle and apply the brakes at different magnitudes
	2.2.1
	The race vehicle should slow down based on the force applied to the brake

	10
	Move the vehicle at different speeds and apply brakes of various magnitudes
	2.2.1
	The race vehicle should slow down based on the force applied to the brake and the velocity of the vehicle

	11
	Move the vehicle in different terrains at different speeds and apply brakes of various magnitudes
	2.2.1
	The race vehicle should slow down based on the force applied to the brake, the velocity of the vehicle and the terrain



	12
	Start the race vehicle and accelerate/decelerate it in a plain, an uphill and a downhill slope
	2.2.1
	The race vehicle should move fast/slow based on acceleration/deceleration. The vehicle should be able to speed up beyond 30 mph (max. speed defined in the requirements) in all conditions. The vehicle should be able to slow down efficiently when the brake is required in all conditions.

	13
	Turn the race vehicle to the right/left 
	2.2.1
	The race vehicle should turn right/left based on the direction in which it is turned

	14
	Move the race vehicle forward/backward
	2.2.1
	The race vehicle should move forward/backward correspondingly

	15
	Measure the noise pollution caused by the vehicle
	2.1.2.10
	The noise pollution should not exceed 120dB beyond a distance of 150 feet


4.2. Safety Control Subsystem –
	T No.
	Test Case
	TR
	Expected Result

	1
	Fix the klaxon to the test vehicle and control the klaxon by turning it off and on
	2.1.2.5
	The klaxon should make a sound or stop making a sound based on the control instruction issued to the klaxon

	2
	Fix the beacon to the test vehicle and control the klaxon by turning it off and on
	2.1.2.6
	The beacon should emit flashing light or stop emitting light based on the control instruction issued to the beacon

	3
	Subject the fire extinguisher to a hydrostatic pressure test
	2.1.2.9
	The fire extinguisher should not exceed the defined service pressure standards

	4
	Stop the race vehicle using the safety button in the front the vehicle
	2.1.2.3
	The race vehicle should stop operating within 10 seconds

	5
	Repeat T No. 4 for the other three stop buttons in the back and sides of the race vehicle 
	2.1.2.3
	The race vehicle should stop operating with every single stop button press within a period of 10 seconds

	6
	Simulate inputs to be fed into the E-stop receiver
	2.1.2.4
	The E-stop receiver should send output signals when it receives input signals, else it should not send any output signals

	7 
	Simulate inputs from the sensing, perceiving, planning and navigation control subsystems of the normal function mode and feed it into the safety monitor
	2.2.4
	The safety monitor should show that the mode of operation is normal and should not send any output signals

	8
	Simulate inputs from the sensing, perceiving, planning and navigation control subsystems of the abnormal function mode and feed it into the safety monitor
	2.2.4
	The safety monitor should detect and show that the mode of operation is abnormal and send output signals within the defined time limit. The safety monitor should activate the klaxon and the beacon



4.3. Sensor Subsystem –
	T No.
	Test Case
	TR
	Expected Result

	1
	Verify the GPS, radar, lidar and contact sensor
	2.1.2.7
	All these components should be ISO certified

	2
	Hook in the GPS subsystem in a test vehicle and place the test vehicle in a specific location.  
	2.2.2
	The GPS should provide the exact latitude, longitude and altitude at which the vehicle is located. The tolerance limit for deviation from exact value is 15 cm

	3
	Move the test vehicle and record the GPS readings at different locations.
	2.2.2
	The GPS should show the exact changes in the latitude, longitude and altitude values as we move the test vehicle. The GPS should also show the speed at which the vehicle is traveling. The tolerance limit for deviation from exact value is 15 cm 

	4 
	Hook the radar/lidar in the test vehicle, place a stationary obstacle in front of it at a specific distance from the test vehicle. Move the test vehicle. 


	2.1.2.7
	The radar/lidar should sense the obstacle and provide the distance of the obstacle from the vehicle and the vehicle speed at that instant of time. The measurement error should be within the defined limits

	5
	Hook the radar/lidar in the test vehicle, place a moving obstacle in front of it at a specific distance from the test vehicle. Move the test vehicle. 


	2.1.2.7
	The radar/lidar should sense the obstacle and provide the distance of the obstacle from the vehicle, the vehicle speed and the obstacle speed at that instant of time. The measurement error should be within the defined limits

	6
	Hook the contact sensor in the test vehicle and repeat T No. 4, 5 and 6 
	2.1.2.7
	The contact sensor should sense the obstacle and provide the distance of the obstacle from the vehicle, the vehicle speed and the obstacle speed at that instant of time. The measurement error should be within the defined limits


4.4. Perceiving Subsystem –
This is more of a software subsystem. Unit testing, integration testing and system testing of code for achieving this functionality shall be done by the software personnel before this subsystem is delivered for integration.

	T No.
	Test Case
	TR
	Expected Result

	1
	Verify the information processing capability of the underlying database that is used for image storage
	2.1.2.7
	The database should contain an extensive set of images that the image processor can use for processing effectively and efficiently

	2
	Verify the image processing functionality by simulating test data
	2.1.2.7
	The image processing subsystem should be able to process the image with the expected efficiency and accuracy


4.5. Planning Subsystem –

This is more of a software subsystem. Unit testing, integration testing and system testing of code shall be done by the software personnel before this subsystem is delivered for integration. 
	T No.
	Test Case
	TR
	Expected Result

	1
	Verify the RDDF that is part of the information control subsystem
	2.1.2.7
	The RDDF should have the road maps to navigate from the start line to the finish line, the speed zone regulations en route, and the rules of the race  

	2
	Verify the underlying database that is used for image storage
	2.1.2.7
	The database should contain an extensive set of images that the image processor can use for processing effectively and efficiently

	3
	Verify the image processing subsystem functionality by simulating test data
	2.1.2.7
	The image processing subsystem should be able to process the image with the expected efficiency and accuracy


4.6. Media Control Subsystem –

	T No.
	Test Case
	TR
	Expected Result

	1
	Switch on each camera and place it in a fixed position in the test vehicle
	2.1.2.1
	The camera should be able to capture the picture of the object that it is focused at while the object is stationary or moving, at the required angles and at the estimated degree of clarity


5. Subsystem Test Cases

5.1. Navigation Control Subsystem –

The actuator that controls the operations of the procured vehicle has to be integrated with the vehicle before performing this subsystem test. 
	T No.
	Test Case
	TR
	Expected Result

	1
	Repeat all the test cases in Section 4.1 with actuator control instead of manual control
	2.2.4
	The test results should match with the corresponding test results in Section 4.1

	2
	Simulate the path planning controls to send commands to the actuator
	2.2.4
	The vehicle should be able to navigate according to the instructions of the path planning control input and should not show any abnormality in normal operation

	3
	Input the simulated controls in different test sites for 40 hours
	2.1.2.11
2.5.1

2.5.3
	The vehicle should be able to navigate according to the instructions of the path planning control input and should not show any abnormality in normal operation. The reliability should be 99%


5.2. Safety Control Subsystem –
The individual components of the safety control subsystem have to be integrated before performing this test.

	T No.
	Test Case
	TR
	Expected Result

	1
	Repeat all the test cases done in Section 4.2 with the complete safety control subsystem
	2.2.2
	The test results should match with the corresponding test results in Section 4.2 for each individual component in the safety control subsystem. 

	2
	Repeat T No. 1 for 80 hours
	2.1.2.7
	The test results should match with the corresponding test results in T.No.1. The reliability of the subsystem should be 99.5%


5.3. Sensor Subsystem –

The GPS, radar, lidar and contact sensors have to be integrated to build the sensor subsystem before performing this subsystem test. 
	T No.
	Test Case
	TR
	Expected Result

	1
	Repeat all the test cases done in Section 4.3 with the complete sensor subsystem
	2.2.2
	The test results should match with the corresponding test results in Section 4.3 for each individual component in the sensor subsystem. (Store the test results and images in a logging tool so that it can be used to test other components)

	2
	Repeat T No. 1 for different cases of simulated input for 40 hours
	2.1.2.7
	The system should be able to interpret the details efficiently and accurately within the expected degree of tolerance. (Store the output test data in the logging tool ) and a reliability of  99%


5.4. Perceiving Subsystem –

	T No.
	Test Case
	TR
	Expected Result

	1
	Simulate and input test images and information to the perceiving subsystem (it is preferable to use the information recorded during the sensor subsystem testing if it is available)
	2.1.2.7
	The system should be able to interpret the details efficiently and accurately within the expected degree of tolerance. (Store the output test data in the logging tool)

	2
	Repeat T No. 1 for different cases of simulated input for 80 hours
	2.1.2.7
	The system should be able to interpret the details efficiently and accurately within the expected degree of tolerance. (Store the output test data in the logging tool). The reliability of the subsystem should be 99.5%.


5.5. Planning Subsystem –

This is more of a software subsystem. Unit testing, integration testing and system testing of code will be done by the software personnel before this subsystem is delivered for integration. 

	T No.
	Test Case
	TR
	Expected Result

	1
	Key in a test RDDF file with details regarding the test site and the basic race requirements. Simulate the sensor and perceiving subsystem inputs
	2.1.2.7
	The planning subsystem should provide a set of instructions to be followed by the vehicle navigation control. The instructions provided should be valid and accurate. The deviation from actual data should be within the limits of tolerance

	2
	Repeat T No. 1 for various other inputs for 36 hours
	2.1.2.7
	Same as T No. 1 test results with a reliability of 98.9%


5.6. Media Control Subsystem –
The cameras have to be integrated to form the media control subsystem panel. 
	T No.
	Test Case
	TR
	Expected Result

	1
	Fix the media control subsystem to the test vehicle, activate the media control subsystem and move the test vehicle around for 2 hours
	2.1.2.1
	All the cameras in the subsystem should be able to capture the picture of the object that it is focused at while the object is stationary or moving, at the required angles and at the estimated degree of clarity

	2
	Repeat T No. 1 for various other inputs for 4 hours
	2.1.2.7
	Same as T No. 1 test results with a reliability of 90%


6. Subsystem Integration Test Cases
6.1. Navigate safely -
The Navigation control subsystem has to be integrated with the Safety control subsystem before conducting this test.
	T No.
	Test Case
	TR
	Expected Result

	1
	Repeat all the test cases in Section 5.1 
	2.2.4
	The test results should match with the corresponding test results in Section 5.1

	2
	Repeat test cases 1, 2, 3, 4 and 5 in Section 5.2 
	2.2.4
	The test results should match with the corresponding test results in Section 5.2

	3
	Simulate inputs to be fed into the E-stop receiver
	2.2.4
	The E-stop receiver should send output signals to the stop control in the navigation control subsystem

	4 
	Simulate inputs from the sensing, perceiving, planning and navigation control subsystems of the normal function mode and feed it into the safety monitor
	2.2.4
	The safety monitor should show that the mode of operation is normal and should not send any output signals

	5
	Simulate inputs from the sensing, perceiving, planning and navigation control subsystems of the abnormal function mode and feed it into the safety monitor
	2.2.4
	The safety monitor should detect and show that the mode of operation is abnormal. It should send output signals within the defined time limit to the stop control of the navigation control subsystem and activate the klaxon and the beacon


6.2. Sense and navigate safely –
The Sensor control subsystem has to be integrated with the already integrated navigation and safety control subsystem before conducting this test.
	T No.
	Test Case
	TR
	Expected Result

	1
	Repeat all the test cases in Section 6.1 
	2.2.4
	The test results should match with the corresponding test results in Section 6.1

	2
	Repeat test cases in Section 5.3 
	2.2.4
	The test results should match with the corresponding test results in Section 5.3


6.3. Sense, perceive and navigate safely –

The perceiving subsystem has to be integrated with the already integrated navigation control, safety and sensor control subsystems before conducting this test.
	T No.
	Test Case
	TR
	Expected Result

	1
	Repeat all the test cases in Section 6.2
	2.2.4
	The test results should match with the corresponding test results in Section 6.2

	2
	Feed in the outputs of the radar and lidar to the perceiving subsystem
	2.1.2.7
	The system should be able to interpret the details efficiently and accurately within the expected degree of tolerance

	2
	Repeat T No. 2 while the vehicle is moving in different terrains at different velocities
	2.1.2.7
	The system should be able to interpret the details efficiently and accurately within the expected degree of tolerance


6.4. Sense, perceive, plan and navigate safely –
The planning subsystem has to be integrated with the already integrated navigation control, safety control and sensor control subsystems before conducting this test.

	T No.
	Test Case
	TR
	Expected Result

	1
	Repeat all the test cases in Section 6.3
	2.2.4
	The test results should match with the corresponding test results in Section 6.3

	2
	Key in a test RDDF file with details regarding the test site and the basic race requirements. Feed in the sensor and perceiving subsystem inputs
	2.1.2.7
	The planning subsystem should provide a set of instructions to be followed by the vehicle navigation control. The instructions provided should be valid and accurate. The deviation from actual data should be within the limits of tolerance. RVSS should be able to navigate following the instructions of the planning subsystem

	3
	Repeat T No.2 for various other inputs
	2.1.2.7
	The planning subsystem should provide a set of instructions to be followed by the vehicle navigation control. The instructions provided should be valid and accurate. The deviation from actual data should be within the limits of tolerance. RVSS should be able to navigate following the instructions of the planning subsystem


6.5. Sense, perceive, plan, navigate safely and record –

The media control subsystem has to be integrated with the already integrated navigation control, safety control, sensor control and planning subsystems before conducting this test.
	T No.
	Test Case
	TR
	Expected Result

	1
	Repeat all the test cases in Section 6.4
	2.2.4
	The test results should match with the corresponding test results in Section 6.4

	2
	Repeat all the test cases in Section 5.6
	2.2.4
	The test results should match with the corresponding test results in Section 5.6


7. System Test Cases

The System integration plan tests the complete race vehicle to verify and validate if all the functionalities work according to our requirements. The functionalities have been ordered based on their priority –
7.1. Static Test Cases

	T No.
	Test Case
	TR
	Expected Result

	1
	Inspect the race vehicle 
	2.1.1
	All the subsystems are fixed/mounted and secured in the right position in the vehicle

	2
	Measure the engine oil level of the race vehicle in one-hour interval
	2.1.1.1
	The change in oil level should be less than or equal to 0.1% between the 2 time periods

	3
	Measure the fuel level of the race vehicle in one-hour interval
	2.1.1.2
	The change in fuel level should be less than or equal to 0.1% between the 2 time periods

	4
	Measure the brake fluid level of the race vehicle in one-hour interval
	2.1.1.3
	The change in brake fluid level should be less than or equal to 0.1% between the 2 time periods

	5
	Subject the vehicle to stress test and vibration test
	2.1.2.1 2.1.2.2
	The parts of the vehicle should not fall off from the vehicle

	6
	Inspect the fire extinguishers
	2.1.2.9
	The fire extinguishers should be mounted on the exterior of the race vehicle

	7
	Subject the fire extinguisher to a hydrostatic pressure test
	2.1.2.9
	The fire extinguisher should not exceed the defined service pressure standards

	8
	Verify the engine fuel level
	2.1.28
	The engine fuel level should be greater the minimum fuel level but lesser than 100 octane gasoline


7.2. Operational Test Cases
	T No.
	Test Case
	TR
	Expected Result

	1
	Start the vehicle using the actuator
	2.2.4
	The race vehicle should start operating within 10 seconds

	2
	Stop the race vehicle using the actuator
	2.2.4
	The race vehicle should stop operating within 10 seconds

	3
	Start the race vehicle using the actuator and stop the race vehicle using the safety button in the front the vehicle
	2.2.4
	The race vehicle should stop operating within 10 seconds

	4
	Repeat T No. 4 for the other three stop buttons in the back and sides of the race vehicle 
	2.2.4
	The race vehicle should stop operating with every single stop button press within a period of 10 seconds

	5
	Start the race vehicle using the actuator. Enable the safety control subsystem. Stop the race vehicle by simulating inputs the E-stop receiver
	2.2.4
	The race vehicle should stop operating within 10 seconds

	6
	Start the race vehicle using the actuator. Move the vehicle and apply the brakes at different magnitudes using the actuator
	2.2.4
	The race vehicle should slow down based on the force applied to the brake

	7
	Move the vehicle at different speeds and apply brakes of various magnitudes using the actuator
	2.2.4
	The race vehicle should slow down based on the force applied to the brake and the velocity of the vehicle

	8
	Move the vehicle in different terrains at different speeds and apply brakes of various magnitudes using the actuator
	2.2.4
	The race vehicle should slow down based on the force applied to the brake, the velocity of the vehicle and the terrain



	9
	Start the race vehicle and accelerate/decelerate it in a plain, an uphill and a downhill slope using the actuator
	2.2.1
	The race vehicle should move fast/slow based on acceleration/deceleration. The vehicle should be able to speed up beyond 30 mph (max. speed defined in the requirements) in all conditions. The vehicle should be able to slow down efficiently when the brake is required in all conditions.

	10
	Turn the race vehicle to the right/left using the actuator
	2.2.4
	The race vehicle should turn right/left based on the direction in which it is turned

	11
	Move the race vehicle forward/backward using the actuator
	2.2.4
	The race vehicle should move forward/backward correspondingly

	12
	Simulate inputs from the sensing, perceiving, planning and navigation control subsystems of the abnormal function mode and feed it into the safety monitor
	2.2.4
	The safety monitor should detect and show that the mode of operation is abnormal and stop the race vehicle within the defined time limit. The safety monitor should activate the klaxon and the beacon



	13 
	Simulate inputs from the sensing, perceiving, planning and navigation control subsystems of the normal function mode and feed it into the safety monitor
	2.2.4
	The safety monitor should show that the mode of operation is normal and should not send any output signals

	14
	Activate the Sensor Subsystem while the vehicle is stationary. Repeat test for multiple cases
	2.2.2
	The GPS records the position and speed of the vehicle. The radar and lidar sense the obstacles on the way, the distance between the vehicle and obstacles, the speed of the vehicle and the obstacle(if the obstacle is moving)

	14
	Move the vehicle with the Sensor Subsystem activated
	2.2.2
	The GPS records the position and speed of the vehicle. The radar and lidar sense the obstacles on the way, the distance between the vehicle and obstacles, the speed of the vehicle and the obstacle(if the obstacle is moving)

	15
	Activate the perceiving subsystem while the vehicle is stationary
	2.1.2.7
	The system should be able to interpret the details of the obstacles efficiently and accurately within the expected degree of tolerance

	16
	Move the vehicle while the perceiving subsystem is active
	2.1.2.7
	The system should be able to interpret the details of the obstacles efficiently and accurately within the expected degree of tolerance

	17
	Key in a test RDDF file with details regarding the test site and the basic race requirements. Activate the planning subsystem
	2.2.2
	The vehicle should be able to navigate on its own in the correct defined path at the correct velocity. It should also be able to manage the obstacles on its way

	18 
	Run the race vehicle continuously for ten hours with all its subsystems in the active state
	2.5.1
2.5.3
	The race vehicle should continue operating as per the directions provided by its control subsystems. None of its parts should fall off the vehicle. None of the operations should fail during the runtime operation. The reliability of the RVSS should be 96%

	19
	Repeat T No. 18 at different test sites and at different environmental conditions
	2.1.2.11
	The race vehicle should continue operating as per the directions provided by its control subsystems. None of its parts should fall off the vehicle. None of the operations should fail during the runtime operation

	20 
	Feed the road map details into the planning subsystem. Switch off the GPS and test the system’s ability to navigate using road following methodology
	2.2.4
2.5.3
	The race vehicle should be able to navigate on its own in the correct defined path at the correct velocity. It should also be able to manage the obstacles on its way

	21 
	Run the race vehicle continuously for ten hours with all its subsystems in the active state and the GPS disabled 
	2.5.1 2.5.3
	The race vehicle should continue operating as per the directions provided by its control subsystems. None of its parts should fall off the vehicle. None of the operations should fail during the runtime operation

	22
	Repeat T No. 21 at different test sites and at different environmental conditions
	2.1.2.11
	The race vehicle should continue operating as per the directions provided by its control subsystems. None of its parts should fall off the vehicle. None of the operations should fail during the runtime operation

	23
	Enable the GPS system. Run the race vehicle and deactivate the GPS while the vehicle is in operational state, to simulate GPS failure
	2.2.2
2.2.3

2.2.4

2.5.3
	The race vehicle should switch to the road following mode automatically

	24
	Measure the noise pollution caused by the vehicle
	2.1.2.10
	The noise pollution should not exceed 120dB beyond a distance of 150 feet


8.0. Assumptions
1. Changes in the requirements of the system can affect the test plan
2. Challenges in requirements will be immediately reflected in the test plan
3. A few components might be rejected during testing phase and sent back for development. This document will be revised to handle the changes after consecutive phases of development and testing.
4. The vehicle required for building up the RVSS will be directly procured from the suppliers based on the time, cost and design criteria specified in the Requirements Analysis document. 

5. The four safety buttons required for emergency mechanical control are part of the procured vehicle.
6.  Testing has to be done at every single phase of the complete life cycle of the system in the form of peer reviews, code walkthrough, unit testing, subsystem testing, system integration testing, system testing, regression testing, reliability testing and so on. This document is limited to only the unit testing, subsystem testing, system integration testing and system testing.
7. All the test cases might not result in perfect results. The test results shall be judged by the QA team and finally by the client during acceptance test and final demonstration to determine the reliability of the system to run the race.
9.0. Glossary 
RVSS – Race Vehicle Subsystem
NCS – Navigation Control Subsystem
TR – Traceability to Requirements

Test Vehicle – Vehicle used for testing purposes
10.0. References
1. SkyBot_RaceVehicle_Subsystem_Requirements_V1.4
2. SkyBot_FunctionalAnalysis_V1.5
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4. SkyBot_SystemIntegrationPlan_V1.3
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