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Document Abstract
The purpose of this document is to analyze the requirements for the Race Vehicle Subsystem as part of the SkyBot system.  The requirements analysis fits into the conceptual design phase of the systems engineering life cycle, and represents the “need” for the development of the Race Vehicle Subsystem.  Often there is an overwhelming feeling to begin the design phase before adequately defining the need for the system.  As Blanchard says, “the design-it-now-fix-it-later” philosophy often prevails, which, in turn, can be quite costly.”

The background for the document is derived from several sources, primarily from the rules provided by Sam Harbaugh.  This requirements analysis document is organized into three sections:  introduction, requirements, and assumptions.  
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1 Introduction
1.1 Background

The race course is a 12.4 mile race, some downhill, with +/- 10% grades, 156 corners, many of them hairpins, and 2,000 foot cliffs with no guardrails. It is a 4,710 foot climb from the start line to a summit of 14,100 ft.
There are a number of competitors already registered for the race, representing a wide variety of institutional and research related activities.  They have experience in other autonomous vehicle races including the DARPA Grand Challenge.
1.2
System Definition 

The SkyBot System will comprise of the following high level sub-systems:
1. Autonomous race vehicle that functions within the defined Hill Climb course.
2. Chase vehicle to follow aforementioned race vehicle, ensuring its safety.
3. Development system including design and engineering software.
4. Business system for maintaining the financial and marketing activities.
This document will focus on the requirements related to the race vehicle subsystem.  
Figure 1 shows the relation between race vehicle subsystems with external stakeholders. 
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Figure 1 - Context Diagram for Race Vehicle Subsystem
2. 
Race Vehicle Requirements

2.1 Safety

The race vehicle will not undergo any failure, damage or error that will affect or hurt the participants and observers during the time of the race. The environmental impacts will be no greater than the environmental impacts of a road worthy vehicle.  
2.1.1 Static State

2.1.1.1 Over a period of one hour, the race vehicle’s engine oil level will be sampled twice.  The acceptable percentage change in the oil level between the two time periods must be 0.1% to ensure safety from leakage. 
2.1.1.2 Over a period of one hour, the race vehicle’s fuel level will be sampled twice.  The acceptable percentage change in the fuel level between the two time periods must be 0.1% to ensure safety from leakage.

2.1.1.3 Over a period of one hour, the race vehicle’s brake fluid level will be checked against the ‘Full’ line twice.  The acceptable percentage change in the brake fluid level between the two time periods must be 0.1% to ensure safety from leakage.
2.1.2 Running State
2.1.2.1 During run-time operation, all parts and mounted equipment will be secured. The bolts will be fastened by applying a total tightening torque of 54Nm
. The mounted equipments (such as cameras and other sensors) shall be welded or bolted.
2.1.2.2 During run-time operation, the vehicle suspension systems will be effective enough to keep the vibrations to a minimum of 5 m/s2. 

2.1.2.3 The race vehicle will be furnished with four buttons on the front, back, and two sides of the vehicle. When any of these buttons are activated, the race vehicle will be disabled within 10 seconds 99.9% of the time.
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. 
2.1.2.5 The race vehicle will have a klaxon that will be enabled during normal runtime operation and disabled when the race vehicle stops. 
2.1.2.6 The race vehicle will have a flashing beacon that can be enabled during normal runtime operation and disabled otherwise 100% of the time.
2.1.2.7 The race vehicle’s imaging and sensing devices shall be certified safe by an ISO standard.
2.1.2.8 The race vehicle should not be fueled in excess over 100 octane gasoline in order to maintain safety. 
2.1.2.9 Safety equipment such as fire extinguishers will be mounted on the exterior of the race vehicle.
2.1.2.10 The noise pollution caused due to the race vehicle will not exceed 120 dB beyond a distance of 150 feet.

2.1.2.11 The race vehicle should be able to operate close to normal operations in adverse weather conditions such as snow, rainfall etc.

2.2 Performance 
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.
2.2.2 The race vehicle will have a GPS to track the directions in the race course in terms of latitude, longitude and altitude. The details of the race course will be fed into the race vehicle by the race team. 

2.2.3 The system will allow for the correlation of the various speed zones with the GPS RDF. The speed of the race vehicle will not exceed the speed limits set by the race administration 99.9% of the time.  
2.2.4 The performance of the race vehicle will be devised as to win the race, while taking care of the safety aspects.
2.3 Schedule
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.  

2.4 Cost
2.4.1 The cost of the race vehicle will be within 60% of the sponsored amount. 
2.5 Reliability
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 99.9%.
2.5.2 The race vehicle shall be actively controlled by the E-stop transmitter at least for a period of 2 hours 99.9% of the times.
2.5.3   The race vehicle will be extensively tested for functionality and reliability.
3 Assumptions
3.1    
Rules
3.1.1 The requirements currently drafted are provided by the race organizer.
3.1.2 The speed limit information will be obtained from the race administration two weeks before the scheduled date of the race.
3.2 
Qualification Information

3.2.1 
The race vehicle will be ready for inspection by the race administration one week before the scheduled date of the race.
3.3 
General
3.3.1 No restrictions have been laid by the race administration on the fuel selection for the race vehicle. 
3.3.2 The SkyBot team will supply fire extinguishers and other cost effective safety items, but will not be responsible for providing other safety measures such as fire engines, ambulances.  

3.4 Finances

3.4.1 Additional sponsors will be found to provide extra financial and equipment support.
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