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Abstract—This technical report describes the University

in two major races; a drag race focusing on high-speed

of Waterloo’s team approach to the International Au-

control, and a circuit race focusing on safe maneuvering

tonomous Robot Racing Competition(IARRC). We devel-

of a complex environment.

oped a system capable of real-time autonomous driving
utilizing off-the-shelf parts including three cameras, an

This report will focus on the mechanical, electrical
and predominantly the software design of the robot.

Inertial Measurement Unit(IMU), a quadrature encoder
and a Hokuyo planar Lidar. The vehicle is a modified
1:10th scale Traxxas RC car with electronics to support

Advances over the designs from previous years will
be demonstrated, along with the well-performing com-

battery monitoring, power distribution, remote control and

ponents which were retained. The following report is

emergency stopping. A robust and modular aluminum

divided into the sections of problem definitions, mechan-

superstructure was built as a retrofit system for the vehicle,

ical design, design, software design, and conclusions.

to provide a reliable and accessible platform for developing

II.

autonomous cruising system. A cutting edge neural net
based traffic light detection system was added to improve
robustness. A new path planner was designed relying on a
Random-exploring Random Tree(RRT) planner, a Model

P ROBLEM DEFINITION

The design of the robot stems from the list of engineering requirements and objectives identified in the
rules and implied in the details of the competition.

Predictive Controller(MPC) for longer range planning and
a trajectory rollout algorithm for short range evasive

The requirements are absolutely mandatory features the
vehicles needs to meet. The objectives are performance

maneuvers.
In this paper we will focus on innovations in our
overall approach by highlighting our computer vision,

targets derived from the races which the vehicle needs
to complete.

system architecture, software development practices, path

A. Race Requirements

planning and controls.

•

I.

I NTRODUCTION

The International Autonomous Robot Racing Compe-

wide, 60cm tall.
•

•

Engineering at McMaster University.

The vehicle must detect the traffic light change
reliably in varying conditions.

Contributors are from the Departments of Mathematics and Engineering at the University of Waterloo and the Department of

The vehicle must not interfere with other robot’s
operation, such as their sensing and navigation.

tition (IARRC) is an annual event in which fully autonomous vehicles are tested in a race. Vehicles compete

The vehicle must not exceed 75cm long, 55cm

•

The vehicle must be able to safely stop within 1
meter of crossing the finish line.

