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1 Introduction

This paper describes the design of Oscar Junior, one of the vehicles submitted for the 2010 

Robot Racing Challenge by the University of British Columbia's Snowbots team.  The Snowbots 

team is a member of the UBC Thunderbird Robotics group, a coalition of student-led robotics 

projects at the University of British Columbia in Vancouver.  Oscar Junior is the successor to 

Oscar, a robot which competed in the 2009 event.

The structure of this report is as follows.  Section 2 describes the hardware design of the 

robot, and section 3 describes the software architecture.  Both sections proceed in a "bottom-up" 

fashion, conceptually speaking.  Section 2 begins with the chassis and body and then moves up 

through the electronics and sensors to the computer.  Section 3 starts by describing the framework 

that underpins the entire software system, and outlines the hardware drivers, algorithms for vision 

and obstacle avoidance, and finally the top-level decision-making system.  Section 4 concludes 

the paper with an analysis of the robot's strengths and weaknesses and predictions about its 

performance.

2 Hardware

Much of the hardware design in Oscar Junior is carried over from the original Oscar robot. 

The key components in this design are the Furious microcontroller board, the modified Traxxas 

chassis, and the Logitech webcam.  The design of this robot was led last year by Ashley McKay, 

whose contributions continue to play a key role in the success of our vehicles.  New features this 

year are an upgraded main computer and the prominent role of Sharp infrared rangefinders.

2.1 Chassis

The chassis is a modified Traxxas Rustler remote control car [1].  The modifications are as 

follows.  The suspension springs are upgraded to support a heavier payload.  The motor is 

replaced with a 55-turn lathe motor for increased torque and lower top speed; this prolongs 

battery life and make the vehicle easier to control.  The remote control receiver is removed, and 

the electronic speed control (ESC) is replaced by a simpler one that does not auto-calibrate; this 

simplifies the control software that communicates with the ESC.  The chassis was originally 

designed to hold a single battery; since our design requires two batteries, an aluminum brace is 

used to secure both to the chassis.
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2.2 Body

The body is made of a single sheet of steel that was designed using the Solidworks CAD 

program [2], cut using a water-jet cutter, and bent into shape.  Access to the water jet cutter and 

bender was generously donated by the UBC Department of Engineering Physics.  The body has 

slots along the sides for mounting sensors and other equipment, and access holes along the 

bottom through which wires can be fed.  Most of the electronic equipment is mounted on top of 

the body, including the computer, microcontroller, ESC, rangefinders, and camera.

2.3 Electronics

The heart of the robot is a custom microcontroller called "Furious."  It was designed and 

built by Ashley McKay [3], a former member of the UBC Snowbots team.  It provides six 5-volt 

analog inputs, four I2C inputs, eight servo outputs, an odometer, and battery charge monitoring 

for two batteries.  It is powered by a USD PIC18F4550 microchip.  Figure 1 shows a photograph 

of the unit, and Figure 2 shows the ports it provides.

2.4 Sensors

The primary guidance system relies on an array of five Sharp GP2Y0A02YK infrared 

rangefinders [4].  These devices have an effective range of 20cm to 150cm, and communicate 

with the microcontroller via a 5-volt analog signal.  The range finders are mounted in the front at 

angles of 45° left, 25.5° left, straight ahead, 22.5° right, and 45° right.

For vision tasks, the robot uses a modified Logitech webcam mounted on pan and tilt 
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Figure 2: Furious microcontroller ports
Figure 1: the Furious microcontroller board



servos.  The webcam is modified for wide-angle viewing using lenses from a door peephole.  For 

protection from solar ultraviolet light, it is covered with a visor and a single lens from a pair of 

UV-blocking sunglasses.

2.5 Manual emergency stop

The manual emergency stop system was designed by team member Ben MacLeod.  It 

consists of a simple push-button switch, mounted at the rear end of the body, that is wired into the 

power line that connects the ESC to the motor.  When the switch is pressed, the power is cut and 

the vehicle comes to a stop.  Originally, we put the e-stop between the servo battery and the ESC 

because it was easier to connect.  This caused problems, however, because the ESC was not able 

to restart correctly after losing power.

2.6 Computer

Oscar Junior is powered by an Acer Aspire One netbook computer.  The Aspire One has an 

Intel Atom processor and 1 GB of RAM and runs Ubuntu Linux.  We replaced the standard hard 

disk with a 30 GB solid state hard drive, which should be less likely to fail during rough off-road 

driving.  The computer communicates with the Furious microcontroller using a serial protocol 

over a USB connection.

3 Software

This year the Snowbots team migrated our software to WillowGarage's Robot Operating 

System (ROS) software platform [5].  This framework encourages highly modular software 

design, which simplifies development as a team and allows us to recombine software elements 

easily.

3.1 Introduction to ROS

In the ROS framework, each aspect of robot control is carried out by a node.  A node is an 

independent operating system process which communicates with other processes via messages 

sent by TCP and UDP network protocols.  Nodes publish messages when they have information 

to share with the system, and subscribe to messages whose content they need in order to do their 

work.  A special node called the ROS master is in charge of managing subscriptions and routing 

messages to their final destinations.
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3.2 Snowbots' ROS architecture

At the base of our software architecture is a driver node.  This node manages the serial 

connection with the microcontroller and 

publishes the raw sensor data from the 

microcontroller.  The next level up is the 

analysis layer.  Nodes in this layer take sensor 

readings from the microcontroller, and analyze 

the data to create recommendations about how 

the robot should navigate.  These 

recommendations are passed up to the 

commander node, which prioritizes the 

recommendations from the analysis nodes and 

makes the final decision about the robot's 

actions.  This decision is passed back down to 

the driver node, which translates the 

commander's decisions into servo positions 

and sends those to the microcontroller.  This 

architecture is illustrated in Figure 3.

3.3 Microcontroller driver

The software driver for the Furious microcontroller board is written in Python and uses the 

PySerial package [6] for serial communication with the board.  The board sends and receives data 

using a simple ASCII text protocol; the primary task of the driver node is to translate ROS 

messages into Furious serial protocol messages and vice-versa.  The node runs in a 20 Hz loop, 

the pseudo-code for which is shown in Figure 4.
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while the node is not shut down:
   format all pending servo commands into a Furious
     command string
   send the command string to the board
   receive a state update from the board
   parse the state update
   send a ROS message containing the state of the board

Figure 4: Microcontroller driver pseudo-code

Figure 3: Snowbots ROS architecture



3.4 Path navigation and obstacle avoidance

Oscar's primary means of following the road and avoiding obstacles is called "forceNav." 

It was originally developed to use the robot's array of infrared rangefinders, but has been adapted 

for vision as well, as described in the next section.  The concept behind forceNav is as follows: 

we imagine that every obstacle emits a repellent force whose magnitude is inversely proportional 

to the distance from the object; that is, the magnitude m=
1

distance
.  If the angle between the 

robot and the obstacle is θ (where an angle of zero indicates straight ahead), then force vector 

from a single obstacle acting on the robot is calculated as [−m cosθ
−msin θ ] .  This force pushes the 

robot away from obstacles, thereby guiding it to the center of the path.  The robot's throttle and 

steering are proportional to the sum of all force vectors acting on it.  Ideally, the robot would be 

able to detect all obstacles and thus calculate the true sum of all force vectors; in reality, however, 

it can only "see" those obstacles that are in front of one of its infrared rangefinders.  This means 

that the imaginary "force" to which the robot is reacting is the sum of such forces exerted by the 

obstacles that the robot can currently perceive.  In practice, this appears to work reasonably well. 

Not surprisingly, simulations indicate that the performance improves as the number of 

rangefinders is increased, because the robot can detect more obstacles.

3.5 Lane following

Oscar uses a "visual" variant of the forceNav system for lane following, which leverages 

the additional information present in visual data.  For each frame of video information, the pixel 

at the bottom-center of the visual field is used as a reference pixel and is assumed to be "safe" -- 

that is, it is assumed to be the road or path that the robot should follow.  The vision system then 

scans outward and upward from that point and compares the color of each pixel with the original 

reference pixel.  The greater the difference, the less "safe" each pixel is assumed to be.  This 

process results in a safety designation for each pixel in the frame.

Next, the safety designation for each pixel is reinterpreted as a force emanating from that 

pixel towards the starting pixel (and hence, towards the vehicle).  The magnitude of the force is 

inversely proportional to the safety of the pixel, so unsafe pixels emit a strong repellent force. 

Recall that with the rangefinder-based system, the magnitude of the force decreases with distance 

from the robot; the same thing applies here, too, except that distance from the robot is 
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approximated by calculating the distance of each pixel from the starting reference pixel.  This 

means that the actual "force" exerted on the robot by each pixel is a combination of two factors: 

the difference in color between the pixel and the original, and the distance in the visual field from 

the pixel to the original.  The total force on the robot is just the sum of the forces from each pixel.

As with the rangefinder-based forceNav system, the robot's throttle and steering values are 

proportional to the x- and y-components, respectively, of the final force vector calculated by the 

the visual forceNav algorithm.  How the (possibly conflicting) commands from the rangefinder- 

and vision-based forceNav systems are reconciled is discussed in section 3.7 ("Decision-

making").

3.6 Stop sign detection

Oscar uses a simple three-layer neural net to detect stop signs.  The neural net is 

implemented using the bpnn.py neural net package for Python, which is freely available on-line 

[7].  The network was trained on a corpus of about 150 images, both positive (containing stop 

signs) and negative (without stop signs).  The output of the neural net is a floating-point number 

between 0.0 and 1.0 that indicates the network's degree of belief that the image contains a stop 

sign.  When the degree of belief is above a certain threshold (whose value is determined 

experimentally), the commander node stops the vehicle and begins a three-second countdown. 

Once the countdown is finished, the vehicle starts again and the commander node resumes 

normal operations.

3.7 Decision-making

The final decision about the throttle and steering values of the vehicle is made by the 

commander node (see Figure 3).  This node subscribes to all of the messages sent by the 

navigation, vision, and object-recognition systems, and chooses one whose recommendations will 

be followed.  The method by which a recommendation is chosen is a simple priority list: if high-

priority items such as the wireless e-stop system demand action, then lower priority items, such 

as the visual forceNav system, are ignored.  The priority list, at the time of this writing, is as 

follows:

1. If the wireless e-stop is engaged, stop all servos.

2. If the stop sign detector's countdown is in progress, keep the vehicle's servos stopped and 

continue to count down.

3. If a stop sign is detected, stop the vehicle and begin a three-second countdown.
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4. If the rangefinder navigation system is in escape mode, continue to execute the escape plan 

(see the next item).

5. If the rangefinder navigation system detects an imminent collision, enter escape mode and 

begin to execute an escape plan to avoid the collision.

6. If the rangefinder navigation system detects a nearby obstacle, follow its recommended 

throttle and steering values.

7. Follow the vision navigation system's recommended throttle and steering values.

Notice that the manual e-stop system does not appear in the priority list.  This is because it 

physically cuts power to the drive motor, ensuring that the vehicle can be safely stopped even in 

the event of a failure in the software or electronics.

4 Analysis

We believe that Oscar Junior represents an improvement over its predecessor Oscar, which 

was disqualified in 2009 for failing to stay on the track.  The key improvements this year are the 

infrared rangefinders, better vision software, and a faster computer.  However, weaknesses still 

remain that could hinder Oscar Junior's performance this year.

4.1 Strengths

The most critical improvement this year is the rangefinder system.  Last year, Oscar used 

SRF-10 ultrasonic rangefinders, which proved to be unreliable outdoors due to reflections from 

the rough pavement.  The infrared rangefinders that Oscar Junior is using this year have a very 

focused beam that is less susceptible to interference; our testing has shown that these sensors 

operate equally well outdoors as indoors.  Furthermore, the forceNav algorithm is proving to be 

an improvement over last year's software, which could only control the steering.  The forceNav 

system controls both throttle and steering, and includes the escape system described above for 

detecting and avoiding imminent collisions.

The other key improvement is the vision system.  Simulation tests indicate that it does 

provide reasonable steering recommendations, but real-world testing will be critical for 

demonstrating the utility of this system.  In 2009, Oscar did not even have a camera, so any 

benefit from the vision system should result in improved performance this year.

4.2 Weaknesses

The key problem for Oscar Junior is, at the time of this writing, a lack of testing.  The 
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rangefinder-based forceNav system has undergone substantial testing, and the visual forceNav 

system has been tested in simulation, but the stop sign system is still in development.  The Oscar 

Junior team is close to moving into a testing phase, but time is limited.

Another problem is the speed of the vehicle.  Our faster computers this year should enable 

faster reaction times and thus the ability to achieve a higher top speed, but our testing so far has 

shown that the vehicle must maintain a low speed (under 0.5 meters per second) to stay in 

control.  We hope that integrating the visual forceNav system with the rangefinders will enable 

the vehicle to move faster because the vision system can react to obstacles that are farther than 

1.5 meters away.

4.3 Conclusions

Despite these difficulties, we are confident that Oscar Junior will be ready to compete by 

the competition date.  The hardware and software construction are nearly complete, and we 

expect to spend most of our remaining time running tests and tweaking our design.  We are 

optimistic that Oscar Junior will be a serious contender in this year's competition.

5 Team Members and Expenses
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Dr. John Meech (faculty advisor)
Department of Mining Engineering

Ian Phillips (team leader)
Department of Computer Science

Mark Cho
Department of Mechanical Engineering

Ben MacLeod
Department of Mechanical Engineering

Expense Amount 
Traxxas chassis $200 
Chassis modifications $100 
Furious microcontroller $50 
Sensors $150 
Laptop + solid state disk $380 
Software $0 

   TOTAL $880

Estimated total man-hours:
3 people at 5 hrs/week for 40 weeks = 600 hours


