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Document Abstract

This document defines the technical performance metrics for the SkyBot Race Vehicle system as well as a plan for collecting them.  It specifically looks at a set of key performance parameters for the Race Vehicle, and investigates those as technical performance metrics.  The objective is to be able to predict through simulation and testing during the entire development cycle whether the parameter of interest is going to meet the stipulated requirement.  The metrics will bear in mind the three sided approach to software intensive system development that focuses on cost, schedule, and technical capability.
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1. Introduction

This document defines the technical performance metrics for the SkyBot system as well as a plan for collecting them.  It specifically looks at a set of key performance parameters for the SkyBot system, and investigates those as technical performance metrics.  Also contained within this document are several business metrics or progress metrics for higher level design considerations.  

The Technical Performance Metrics document is closely linked to the Development Testing and Evaluation plan, and four coarse milestones where metrics will be tracked is during the unit test, subsystem test, subsystem integration test, and system testing.  When we cannot test the system completely, the objective is to predict through simulation and testing during the entire development cycle whether the parameter of interest is going to meet the stipulated requirement.  The metrics will bear in mind the three sided approach to software intensive system development that focuses on cost, schedule, and technical capability.

Cost.  The spending on the race vehicle is tracked as a TPM.  In a further effort to minimize costs, only the five most critical key performance parameters and project management goals were selected as SkyBot race vehicle TPMs.  According to Bahill and Dean, TPMs are generally expensive to maintain and track, therefore it is important to only select those most critical to a system.

Schedule.  There will only be approximately one month to develop the system, making schedule a critical concern, hence its direct integration as a TPM.  Additionally, simulation and modeling of the race vehicle subsystem will provide an environment in which subsystems can be tested during the development cycle.  This can unearth potential problems in meeting specified requirements earlier in development, thus providing the team with more time to rectify problems.

Technical Capability.  Thorough overlap between TPMs and test and unit cases outlined in the testing document will seek to ensure quality in the software intensive portions of the system.  Additionally, by selecting those TPMs that are key performance parameters for the race vehicle subsystem, we are increasing quality.

The TPMs are listed in terms of importance to the system as determined by the SkyBot stakeholders and attributes document.  They are:
· Requirement 2.1.2.4 – Remote Shutdown
· Requirement 2.3.1 – Schedule 

· Requirement 2.2.1 – Velocity 

· Requirement 2.5.1 – Endurance 
· Requirement 2.4.1 – Cost 

.
2. Technical Performance Metrics
2.1 Remote Shutdown
Requirement 2.1.2.4:

The race vehicle shall be disabled using the E-Stop transmitter when the distance between the chase vehicle and the race vehicle is greater than 500 feet.  This should be achieved within 10 seconds 99.9% of the time.
Measure:  Time (in seconds) for the vehicle to come to a complete stop.
The safety of the vehicle and its surrounding environs is the most important quality attribute for the race vehicle system.  Our critical performance parameter is that the system must terminate run-time in less than ten seconds after the E-Stop transmitter has requested a stop.  We could have multiple measures for the metric, such as the reliability of the SkyBot system to stop after it has received input from the chase vehicle, or the time (in seconds) it takes to stop the vehicle.  The latter has been chosen for the sake of clarity.

Prior to software development of the navigation subsystem that will handle incoming e-stop transmissions, we can simulate an e-stop transmission and the sequence of events that will take place, such as processing that signal, calculating the current speed, determining the proper caliper pressure to stop the vehicle under control, sending a signal to the system that interfaces with the braking system, and applying the brakes.  The following test cases at various milestones will provide this information.
	Milestone
	Test Case

	1
	4.2.6 – Unit Test

	2
	5.2.1 – Subsystem Test

	3
	6.1.3 – Subsystem Integration Test

	4
	7.2.5 – System Test


Table 1: Remote Shutdown TPM Milestones
As soon as the various subsystems become available to test, we will have a simulation environment prepared that can conduct the necessary volume of runs to ensure reliability requirements.  It is understood that the testing procedures will take into account the reliability requirements stipulated, and that any failure to meet those requirements will result in a failed test.  Only those tests that have passed will be tracked.
2.2
Schedule


Requirement 2.3.1

The race vehicle must be available for integration with the other mounting equipment at least four weeks prior to the final race.

The progression of the race vehicle subsystem will be tracked closely during development.  The development team will have approximately one week for every testing milestone.  However, the schedule TPM will monitor progress on a daily basis in an effort to accelerate the testing phase if it progresses faster than anticipated.

Obviously it is common to uncover errors during testing, thus requiring a more iterative development environment where problems can be fixed and tested again.  The duration of this iteration during each phase will be the measure for schedule.  It should also be noted that the development process will be concurrent, and subsystem development will not wait for other subsystems to complete unit testing.  Similarly, integration can begin before subsystem integration testing is done completely, as long as it doesn’t interfere with the prescribed integration strategy.  
2.3
Velocity


Requirement 2.2.1

The race vehicle shall be able to reach a minimum speed of 30 mph. However, the speed limits set by the race administration will not be exceeded at any point of time.
Measure:  Maximum speed of the vehicle in mph.
There are a number of areas that we can test at varying points of system development for this particular TPM.  As part of the physical system, the throttle assembly can be tested to make sure it will allow the engine to achieve the necessary minimum speed.  Similarly, the software system must be checked to make sure it can task the throttle to the minimum speed.  Other subsystems could indirectly influence the vehicle’s velocity, such as an active braking system while accelerating.  
	Milestone
	Test Case

	1
	4.1.12 – Unit Test

	2
	5.1.1 – Subsystem Test

	3
	6.1.1 – Subsystem Integration Test

	4
	7.2.9 – System Test


Table 2: Velocity TPM Milestones

This is a complex requirement because many subsystems must be working together in order for the vehicle to move.  Therefore a focus area during development that will highlight the progress of this TPM will be during subsystem integration testing.
2.4
Endurance

Requirement 2.5.1

The probability that the race vehicle will run continuously for a minimum period of 2 hours at the defined speed limits is 96%.
Measure: Mean Time Between Failure of 2 hour runs.
Another reliability requirement comes in the form of system endurance.  This TPM is critical in terms of overall system reliability, as well as the likelihood that the race vehicle subsystem will complete the race.  It differs from the other tests in that for milestone 1 the mean time between failure data will come directly from the manufacturer.  In discussion with the reliability analysis providers, it would be redundant to engage in testing of reliability for a COTS product.
	Milestone
	Test Case

	1
	OTS MTBF

	2
	5.1.3 – Navigation Subsystem Test

5.2.2 – Safety Subsystem Test

5.3.2 – Sensor Subsystem Test

5.4.2 – Perceiving Subsystem Test

5.5.2 – Planning Subsystem Test

	3
	6.1.1 – Subsystem Integration Test

	4
	7.2.21 – System Test


Table 3: Endurance TPM Milestones
This TPM is important not only for overall endurance of the vehicle, but also for uncovering memory leaks due to improper garbage collection, or the concurrent nature of system execution getting out of sync.  We’ll get a good bearing of how this TPM is progressing through the subsystem testing as well as the subsystem integration testing.
2.5
Cost

Requirement 2.4.1

The cost of the race vehicle will be within 60% of the sponsored amount. 
Tracking the cost of the race vehicle subsystem is perhaps the most trivial, and yet most important in terms of project impact.  Cost overruns can lead to project termination, and thus spending from day one should be tracked carefully.  Like scheduling, cost will no be closely related to the testing document, rather it will be linked to the project plan.  The following charts show the estimated spending per sector, as well as an overall metric for total spending per milestone.  Note that the following charts talk about spending during the development cycle only.  The values are derived from the project management plan.  The first chart highlights anticipated spending during each milestone for various sectors.
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The second chart, see below, highlights the total spending during the development phase.  The spending will be roughly 60K during the first week, largely for purchasing equipment, and 10K-15K during the remaining periods.  Actual spending can be tracked against these approximate numbers.
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3.  Schedule
This section will highlight the key times during the development phase that the testing of the various TPMs will be conducted.  The goal is to closely relate the TPMs to development testing & evaluation documents, as well as the overall project management plan that details program milestones.  These milestones will be utilized as review points for tracking the current status of TPMs.  As was stated earlier, tracking of TPMs will follow the milestone schedule closely.   The following table details the relationship between the testing sequence and associated TPMs.
	Test
	Test Number
	Associated TPM

	Static Software Verification
	2.3.1.2
	2.1

2.3
2.4

	E-Stop Testing
	2.3.1.5
	2.1

	Performance Test
	2.3.2.1
	2.3
2.4

	Reliability Test
	2.3.2.5
	2.4


Table 4: Remote Shutdown TPM Milestones
Although we cannot accurately get a measure for endurance and velocity before the system is integrated, we can correlate relevant software subsystems to gain insight into what these values will look like once integration is complete.  This is a very important segment of technical performance monitoring, highlighting the need to conduct inspection throughout the development lifecycle.  To achieve the analysis, other subsystems can be tied into the model fashioned to represent the various race vehicle subsystems inputs and outputs.  

The following table lays out the schedule according to the project management plan, incorporating various TPM milestones.  These milestones may fluctuate for each TPM based on its progress, and support the most concurrent processes as possible.
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Milestones
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4.  Simulation Runs


Some preliminary modeling will be done to test the SkyBot system in an abstract, exploratory model to see if any initial information can be gleaned.  This will amount to a data mining exercise that places a robotic system (modeled as a collection of agents) in the Pikes Peak course environment, simulates various problems with the system, including speed limits, and course deviations, and predicts some likelihood of success for the system.


Additionally, we can utilize this model for testing that is to take place during development and integration.  By linking in various software subsystems into an abstract model of the race vehicle, we can test interim performance of that subsystem to ensure it meets the requirements specification.
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