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1 Introduction
The SkyBot race vehicle is an autonomous racer designed to compete in and win the Pikes Peak Robotic Hill Climb.  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.
1.1 Background
The requirements of the race have been provided by Sam Harbaugh, these have been documented in the requirements analysis document located at (http://www.andrew.cmu.edu/org/skybot/documents/documents.html) and some will be provided by the race administration. The functionality to be achieved is based on these requirements.
1.2 Race Vehicle Description

The vehicle is a Sports-Utility model that has been modified to house the computer hardware and necessary accompanying equipment.  This equipment includes specialized cabinets that hold the hardware stable, an auxiliary power source to power the additional electronics and an additional cooling system to maintain the proper temperature of the hardware.

The vehicle does not provide seating for a driver or passenger.  Furthermore, the vehicle does not allow for human operation from within the vehicle.  However, the vehicle is equipped with emergency stop controls along the exterior of the vehicle that causes the vehicle to come to a full stop through full brake.
2 Race Vehicle Systems 
The race vehicle is comprised of several subsystems, each responsible for a specialized task.  These subsystems must also communicate and function together to ensure that the vehicle operates as required.  
The vehicle’s subsystems operate towards the goal of maneuvering the vehicle safely and successfully.  This process begins with gathering information about vehicle’s environment, developing a representation of the environment, planning a safe route through the environment and executing the plan.  Parallel to this process, the vehicle will record its progress while monitoring its progress, ensuring that it operates safely.
2.1 Sensor Subsystem

The sensor subsystem is responsible for gathering information about the vehicle’s environment.  This information includes the location of the road as well as the location of obstacles.  This subsystem is comprised of the global positioning system, radar and lidar.  

The environmental information gathered by the individual components of the sensor subsystem is fused into one data structure, which is then passed along to the perceiving subsystem.

Alternatively, if any of the subsystems becomes disabled or unreliable, the information from this system will be marked as unsafe.

2.1.1 Global Positioning System

The global positioning system handles the vehicles ability to self-locate through satellite positioning.  This system relies on communication with satellites and will be able to place the vehicle within a few inches of its actual location.
2.1.2 Radar
The radar is used to map the surrounding terrain and locate obstacles by emitting and receiving radio waves.  Using the Doppler principle, the radar is able to track the vehicles speed and direction relative to objects within its operational field.  
2.1.3 Lidar
The lidar performs the same tasks as the radar, but through light emission and reception.  Using laser pulses, the system is able to determine the location of obstacles within the operational field.
2.2 Perceiving Subsystem
The perceiving subsystem receives the information provided by the sensor subsystem and processes it into a perceived truth.  This perceived truth is then handed off to the planning subsystem.

Formulating the perceived truth requires the subsystem to properly assign objects as obstacles, road lines, road shoulders and other such categories.  This responsibility is handled by the object recognition subsystem.

2.2.1 Object Recognition
The object recognition subsystem takes the information given by the sensor subsystem and labels objects according to their sensory profile.  Using a database of well-known object profiles and confidence analysis, the subsystem attempts to categorize the incoming information so the planning subsystem can better understand its environment.

2.3 Planning Subsystem

After the sensor and perceiving subsystems have gathered environmental data and developed the best possible perceived truth, the planning subsystem builds a navigable course for the vehicle to undertake.  The planning subsystem begins the trip with a route definition data (RDD) file, which breaks the route into objectives.  The planning subsystem calculates the best route from one objective to the next.  It then passes the route plan to the navigation subsystem.
2.4 Navigation Control Subsystem

The navigation subsystem processes the route information from the planning subsystem and maneuvers the vehicle along the proposed path.  This subsystem will determine steering, accelerating and braking for the vehicle and interface with the mechanical operations of the vehicle.
2.4.1 Steering subsystem
The steering subsystem handles the interaction with the mechanical steering subsystem of the vehicle.  The navigation subsystem provides the direction to steer and the steering subsystem must maneuver the vehicle in that direction.

2.4.2 Acceleration subsystem
Similar to the steering subsystem, the acceleration subsystem is the interface between the navigation subsystem and the vehicle’s throttle.  The navigation subsystem informs the acceleration subsystem how much throttle to give, and this subsystem manipulates the vehicle in that manner.

2.4.3 Braking subsystem
The braking subsystem behaves in the same manner as the acceleration subsystem, but it slows or stops the vehicle.

2.4.4 Mechanical Vehicle Operations

This subsystem refers to the mechanical operations inherent in the vehicle, such as acceleration, braking and steering.  Because the vehicle will be operated autonomously, the normal interfaces to this subsystem will not be used.  Instead, this subsystem will be accessed within the vehicle itself.

2.4.4.1 Steering
The steering functionality will not be handled at the steering wheel, as in most vehicles.  Instead, vehicle maneuvering will be directed at the engine level.

2.4.4.2 Accelerating
The vehicle will not accelerate through the “gas” pedal but through manipulation of the throttle within the engine.

2.4.4.3 Braking
The vehicle will decelerate and stop through direct control of the brake subsystem, rather than through the brake pedal.

2.5 Recording Subystem

The recording subsystem handles media capture of the vehicle’s operations.  This subsystem is not crucial to the performance of the vehicle.  The subsystem handles video capture for the vehicle.

2.5.1 Video capture subsystem
This subsystem contains one or more video cameras that record the operation of the vehicle from the vehicle’s perspective.
2.6 Safety Control Subsystem

The autonomous nature of the race vehicle demands that operation be closely monitored to ensure the safety all participants and spectators.  Several safety mechanisms are required to ensure that the vehicle not become dangerous.  These mechanisms include the emergency stop points around the vehicle, the e-stop mechanism that stops the vehicle remotely and the subsystem monitor which stops the vehicle if any crucial subsystems become unstable or shutdown.  The following explains each subsystem in more detail.
2.6.1 Emergency stop points

This subsystem provides four pads located around the vehicle that, when pressed, will immediately stop the vehicle and power down the subsystem.

2.6.2 E-Stop 

This mechanism allows anyone within 300 feet of the vehicle to stop and power down the vehicle with the push of a button.  This transmits a signal to the system monitor, which then immediately stops and powers down the system.
2.6.3 System monitor
The system monitor ensures that all separate sub-components of the race vehicle are operational.  In the event that a component does not respond, or shows distress, the monitor determines the proper course of action.  

Some components must perform properly for the vehicle to operate safely.  In this case, the monitor stops and powers down the vehicle.  In the case where the sub-component is not required to perform for the entire vehicle subsystem to function safely, the monitor reports the failure but the vehicle continues to operate.
3 Integration Plan
The systems described in the previous section must interact for the vehicle to function properly.  To simplify the testing process, the subsystems will be integrated according to their system necessity, beginning with the lowest level of integration.  The integration process can be thought of in relation to the system’s functionality.  The following diagram illustrates this concept.


[image: image1]
Figure 1 - Integration Plan in Relation to Functionality

The following details each point of integration and the communication protocol required in relation to the subsystems integrated.  Each of the steps shown in Figure 1 are covered in detail.
3.1 Navigation Control Subsystem

The first level of integration is ensuring that the vehicle can be maneuvered from the navigation control subsystem.  There are three areas of functionality that are crucial to the subsystem; steering, accelerating and braking.

3.1.1 The vehicle’s braking functionality is manipulated by the navigation subsystem.
Input: Braking instructions from the navigation subsystem.

Output: None.

3.1.2 The vehicle’s acceleration functionality is manipulated by the navigation subsystem.
Input: Acceleration instructions from the navigation subsystem.

Output: None.

3.1.3 The vehicle’s steering functionality is manipulated by the navigation subsystem.
Input: Steering instructions from the navigation subsystem.

Output: None.

3.2 Safety Control and Navigation Subsystem
The second point of integration will be between the safety control and navigation control subsystems.  The subsystem should be able to stop and power down the vehicle from the safety stop pads, the e-stop transmitter and the subsystem monitor.

3.2.1 Powering down from the safety stop pads
Input: The press of a safety stop pad.
Output: None.

3.2.2 Powering down from the e-stop transmitter
Input: A stop command is transmitted from the e-stop mechanism.

Output: None.

3.2.3 Powering down when the subsystem monitor discovers a necessary subsystem is not functioning properly
Input: A necessary subsystem fails to respond to the subsystem monitor poll.

Output: None.

3.3 Sensor Subsystem Components and Perceiving Subsystem
After determining the vehicle can be maneuvered from the navigation subsystem, low-level integration testing of the sensor subsystem must accomplished.  This entails fusing the information gathered from the GPS, Radar and Lidar systems.

After this has been successfully integrated, the sensor subsystem will be integrated with the perceiving subsystem.

3.3.1 Fuse the information gathered by the sensor subsystems.
Input: GPS location; Radar profiles; Lidar profiles
Output: Sensory data structure
3.3.2 Update the perceiving subsystem with the sensory data structure.
Input: GPS location; Radar profiles; Lidar profiles

Output: Sensory data structure

3.4 Perceiving Subsystem and Planning Subsystem

The perceiving subsystem must integrate with both the sensor subsystem and the planning subsystem.  Section 3.3 details the integration points between the sensor subsystem and the perceiving subsystem.  This section specifies the behavior of the perceiving subsystem in relation to the planning subsystem, and most importantly the formulation of the subsystem’s perceived truth.

3.4.1 Categorize the objects and determine the perceived truth
Input:  Sensory data structure 

Output: Perceived truth

3.4.2 Update the planning subsystem with the perceived truth
Input:  Sensory data structure

Output: Perceived environment

3.5 Planning Subsystem

The planning system utilizes the operational area map to plot the most efficient course, avoiding obstacles and following the road where possible.

3.5.1 Develop efficient course for vehicle
Input:  Perceived truth 

Output: Vehicle route

3.5.2 Communicate vehicle route to navigation control system
Input:  Perceived environment 

Output: Vehicle route

3.6 Navigation Control Subsystem

This phase of integration completes the operational system necessary for full functionality for the vehicle.  The vehicle has now discovered its environment, mapped the terrain and planned an effective route.

3.6.1 Maneuver vehicle along proposed route
Input:  Vehicle route
Output: None

3.7 Recording Subsystem

Finally, after the race vehicle’s subsystems have been integrated, the subsystem responsible for recording the operations of the vehicle will be integrated.

3.7.1 Record vehicle’s progress
Input:  Record command

Output: None

4 Assumptions

The following are assumed for the successful completion of the systems integration.
· Any systems produced by the team will have passed unit testing

· Any procured systems will function properly

· The necessary hardware components are available
· The necessary hardware components function properly
· The vehicle will be outfitted with the necessary stabilization components for the hardware to operate

· The vehicle will be outfitted with the necessary cooling systems for the hardware to operate

· The necessary hardware components function properly
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