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1.  Team Overview 

The University of Windsor IAARC Team Flash with vehicle ‘Flash Gordon’ consists of four undergraduate 

Electrical Engineering students and one Vincent Massey High School student. Our team divided the tasks required 

for this project into two subsections, Hardware and Software, and then further sectioning off tasks in these two areas 

as shown in Figure 1. 

 

Figure 1: Team Overview 

2.  Design Process 

Our design process began with the choice to utilize a Traxxas E-Revo platform with Mamba Monster Brushless DC 

Motor as seen in Figure 2, for its speed potential, as well as, its unique ‘rocker’ suspension system that allows for 

Flash to reach extreme speeds while maintaining stability. CAD drawings were then made of the vehicle in order to 

test its structural ability and also to modify the design to include a platform that would hold the laptop during its 

operation. The CAD drawings also allowed us to model the hardware that was going to be added to the vehicle to be 

modeled.  

 

Figure 2: Vehicle Platform 
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Then the design began to shift to which methods would be used to allow the robot to operate autonomously, we 

decided on a combination of two high frame rate cameras and three ultrasonic sensors. The two cameras are devoted 

to detecting the lanes the robot will be travelling in and also to detect the traffic light and stop sign so that Flash can 

react to those primary obstacles. Using the ultrasonic sensors we have designed a virtual ‘bumper’ that will detect 

objects that are potential hazards to the vehicle that may be missed by the camera. By combining this processed 

ultrasonic sensor signal and the input of the cameras Flash gets a complete picture of the environment around it 

which allows it to make an appropriate decision for which course to take. In order to make these decisions we have 

included a laptop that will receive the inputs from these sensors, analyze the signals, and make the appropriate 

decision based sending the instructions to the PIC microprocessor circuit controlling the DC motor and servo 

motors. A full system diagram is shown in Figure 3 which shows the connections between the computer, ultrasonic 

sensors, cameras and motors. The cameras are connected directly to the computer, camera one is connected using a 

USB cable and is used for the stop sign and traffic light detection, while camera two is connected using Firewire 800 

cable and is used for the lane detection. The three ultrasonic sensors are labeled left, center, and right for their 

respective positions on the chassis, they are connected to one of the PIC18F4331 microprocessors that then in turn 

communicates through the USB to RS232 adapter to the computer. The appropriate signal is then sent out back 

through the USB to RS232 adapter to the second PIC18F4331 microprocessor which then communicates with the 

DC motor and servo motors through pulse width modulation. Acting on the microprocessor is also an encoder which 

will constantly be sending information on the current speed of the DC motor ensuring that the speed that has been 

requested by the computer is achieved. 

 

Figure 3: System Diagram 

Using this combination Flash will be able to analyze and make decisions of many different advanced obstacle 

configurations, using the ultrasonic sensors to detect objects that the cameras may miss or for navigation when the 

cameras are under straining light conditions. Teamed with the encoder Flash will not only be able to make the 
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proper decisions, but ensure that they are carried out as they were intended, even when travelling up or down a steep 

incline. 

3.  Hardware 

Flash is 16 inches wide and 23 inches long with a height of 9 inches and weighs roughly 20 pounds with all 

components and has 4 inches of ground clearance. Although Flash is a very small and light platform it is a very 

stable vehicle due to the ‘rocker’ suspension system that it utilizes. Figure 4 shows the ability of each one of Flash’s 

tires to independently adjust its height allowing for the vehicle to pass over any terrain very smoothly. This is 

extremely important especially when using visual object detection, as the smoother Flash is able to travel, the better 

the quality of the images the cameras will be able to capture ensuring that the appropriate decisions are made. 

 

Figure 4: The ‘Rocker’ Suspension 

3.1 Hardware Innovation 

To make Flash Gordon more competitive some changes in the hardware were made. The first was to boost power to 

the Brushless DC Motor. By using a high discharge Lithium Polymer battery instead of the Lithium Ion battery pack 

we initially started with, there is over a 50% increase in battery life, a 40% gain in current discharge, and increased 

the maximum speed by 200%. Reaching these speeds increases the stresses on the car body, and can lead to 

mechanical failure during a race. By changing the metal pushrods and steering rods to anodized aluminum, there 

was increase in stiffness and strength. This small change allows faster cornering, faster acceleration and higher falls. 

To compensate for the heavier batteries, cameras, circuits and laptop, stiffer springs were installed. The new springs 

are 50% stiffer, and still allow Flash Gordon to have independent suspension and have full vertical motion.  

One of the innovations that was planned but was outside of our budget was to replace the plastic components with 

anodized aluminum. The plastic parts are the limitation to the full range of terrain and obstacles Flash Gordon can 

climb, jump, or drive through. The anodized aluminum parts cost 4 to 5 times more than the plastic counterpart, but 

provide a more robust base for autonomous driving. 

3.2 Electronics 
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Flash’s electronic systems can be categorized by the motor drive system, the ultrasonic object detection system, 

along with the cameras in the visual detection system. The overall visual detection system is primarily a software 

system from the algorithm based nature of its operation, however, the cameras are in fact electronic equipment and 

by optimizing the frame rate, aperture, and focal point the physical electronic portion of the cameras can contribute 

greatly to the overall success of the visual detection system. 

The ultrasonic detection system uses an array of three ultrasound transducers. There is a center, left and a right 

transducer that or overlapping by approximately 5% of the beam width. The array is built using the Maxbotix LV-

EZ4 ultrasonic range finder. This sensor sends out a 42 kHz pulse, and calculates the time of flight. This is then 

encoded into a pulsed width modulated, RS232 Serial, or analog signal. In our application we used the analog signal. 

This system is used as a redundant system to the camera based detection system, and is used to detect objects that 

the camera system is not programmed to detect. When an object is within a virtual bumper range (a preset minimum 

distance that an object is allowed to be from the car), the ultrasonic system sends data to the computer with 

information of the distance and in which beam the object is within. The difficulties of this system are accuracy and 

positioning the beam. The EZ4 has eight bit output, and this corresponds to a range of 0 to 255 inches. Our 

application requires fast processing, and 8 bits of data provides a clear enough view as a redundant system, but lacks 

the precision to make it the sole object detection system. This lack of accuracy also comes from how the system 

responds to an object in the field. The closest object in the field is what reflects the sound first. From the software 

point of view all that is known is that there is something in the beam of the transducer at a determined radial 

distance. To determine where an object is in the field, it is necessary to use an array of partially overlapping 

ultrasonic transducer to produce a greater resolution. The second difficulty is the correct positioning. If the 

transducer is angled too low, the road will be within the beam angle, and the road will register as an object. 

Alternatively, if the transducer is angled too high, far objects will not be within the beam angle. 

3.3 Safety 

With all of Flash’s systems working simultaneously there is a possibility that one of the systems may fail as with 

any electrical device, for this reason there must be fail safes in place to ensure that the robot will not become a 

hazard if any system does fail. We have used the combination of cameras and ultrasonic sensors for detection of 

obstacles and other potential hazards, ensuring that there is a backup to the potential that the camera does not 

capture a potential hazard for any reason. Fuses will also be included to ensure that the internal electronics will not 

be harmed if a short is created within the internal structure. The final stage and last resort of safety that has been 

included is the ‘master kill’ switch that will effectively disconnect the power of the batteries from the robot itself. 

This kill is a wireless system allowing for a long distance immediate halt to the robot, stopping it when it appears to 

be out of control. The kill has been achieved through a combination of a handheld switch with a PIC microprocessor 

and a transmitter, as well as, the corresponding receiver and PIC microprocessor located on the chassis of the 

vehicle. When the switch is engaged the microprocessor continually sends our encrypted signal over its transmit pin 

which is then sent over the transmitter to the receiver on the vehicle. When the receiver obtains the signal it 

immediately sends it to the microprocessor and when the proper encrypted signal is identified by the PIC it sends the 
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signal to cut off the power through the use of a high amp relay. Once the PIC has used the relay to cut off the power 

it will have to be reset before the robot will receive power from the batteries, this feature was chosen in case the 

transmitter loses power, and we did not want the robot to once again receive power. Also the encrypted signal was 

chosen to ensure that our vehicle would not respond to other vehicles kill switches or potential noise travelling 

through the receiver. 

3.4 Cost 

The overall cost breakdown is included below in Table 1, showing the actual cost that would be required to purchase 

all of the components to duplicate Flash and the team cost which is what the overall cost for us was after donations 

and previously acquired equipment were taken into account. 

Part  Actual Cost Team Cost 

Traxxas E-Revo Brushless Platform $780.00 $780.00 

2x LiPo 6000mah Batteries $419.00 $419.00 

LiPo Battery Charger $225.00 $225.00 

4x PIC Microprocessors $32.00 $32.00 

3x Maxbotix LV-EZ4 Ultrasonic Sensor $60.00 $0.00 

Optical Encoder $100.00 $0.00 

Laptop $800.00 $0.00 

2x Cameras $800.00 $800.00 

2x Aluminum Suspension Arms $50.00 $50.00 

Transmitter and Receiver $15.00 $0.00 

2x Aluminum Push Rods $25.00 $25.00 

4x GTR 5.9 Rate Springs $12.00 $12.00 

2x Aluminum Turning Rods $23.00 $23.00 

Total: $3,341.00 $2,366.00 

Table 1: Overall Cost 

4. Software 

4.1 Stop Sign/Traffic Light Detection 

The steps involved in detection a stop sign or traffic light are illustrated in the following flow below. Initially the 

captured image frame is thresholded to obtain red coloured pixels. Subsequently, a region detection algorithm is run 

on the thresholded image to select the largest containing red pixels (if such an area exists in the image). After the 

region is selected, a rectangular box is drawn around it in order to estimate the distance of the robot to the object.  
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In feature detection, few methods were experimented in order to determine whether the object is a stop sign or a 

traffic light. The first method is counting the ratio of the black to white pixels. Since the letters ‘S’, ‘T’, ‘O’ and ‘P’ 

are white, they are thresholded to black within the red region. As a result, the stop sign has a greater black to white 

pixel ratio and can be distinguished from a traffic light. The second method is using the SURF (Speeded Up Robust 

Features) algorithm on the selected region. In this method, first the SURF algorithm is run on a template stop sign 

image to find robust features. After the template features are stored in the program, the SURF algorithm runs on the 

thresholded region to detect robust features. The image features are compared to the template features and if more 

than a certain number of features match, we determine the region as a stop sign. Figure 1 illustrates the features 

detected from a template traffic light (a) and stop sign (b) image by the OpenCv SURF algorithm. The final method 

is histogram matching in which the histograms of a template stop sign and traffic light are stored in memory and 

compared to the histogram of the selected region. If the region histogram matches the stop sign histogram more than 

the traffic light histogram, the region is a stop sign otherwise it is a traffic light. 

 
Figure 5 Features of traffic light (a) and stop sign (b) template image detected by OpenCV SURF algorithm  

All of the feature detection methods have their pros and cons. As an example, the pixel ratio and histogram method 

are highly dependent on lighting conditions while the SURF method requires the region to be closer to the camera. 

The end goal is to combine these methods in a way to reduce the probability of error in decisions. 

The final step in our algorithm is estimating the distance of the robot to the stop sign or traffic light. This is done by 

comparing the dimensions of the rectangular box around the object with the dimensions of the entire image. At 

farther distances, the ratio of the region to image dimensions is smaller and as the robot approaches the stop sign (or 

traffic light) the ratio increases. By approximating the distance, we can determine when the robot needs to slow 

down and come to a complete stop. It is critical that this step is done after determining whether the object is a stop 

sign or traffic light because the scaling factor for the two objects is different. In other words at the same distance the 

rectangular box around the stop sign is larger than the traffic light. The following figures demonstrate the steps 

involved in stop sign (Figure 2) and traffic light (Figure 3) detection on actual images. 

 

Figure 6 The steps involved in detecting a stop sign from an image (a):  thresholding (b), selecting largest region 

(c), feature detection and distance estimation (d) 
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Figure 7 The steps involved in detecting a traffic light from an image (a):  thresholding (b), region detection (c), 

feature detection and distance estimation (d) 

4.2 Lane Detection 

The steps involved in detecting which path the robot has to follow are illustrated in the below diagram. 

 

Similar to the stop sign (or traffic light) detection, the initial step involves thresholding the image to find orange 

coloured pixels. Subsequently, a unique pixel detection algorithm scans the thresholded image to find and count the 

bottom pixels of each pylon. If the number of pixels is less than an experimentally determined threshold value, there 

are not enough pylons to determine the path of the robot. As a result, the algorithm will signal the ultrasonic sensors 

to determine the direction the robot needs to travel in order to avoid collision with obstacles. However, if the number 

of detected pixels exceeds the thresholded value, the code will start to analyze the pylons in order to determine the 

robot’s path. In lane detection, the image is initially split into six regions. The algorithm starts from one side of the 

image and fits a line through the points in that region. The next region is added to the previous one and a new line is 

fitted through the entire section (combination of two regions). The slope of the new line is compared with the 

previous one to determine whether a radical change occurs. If the slopes change radically, the boundary of the two 

regions is cut otherwise the process of adding subsequent sections continues. The same procedure is repeated from 

the other side of the image and the overall results are two cuts that determine the direction of the pylons on both 

sides and when a turn is approaching. As a result, an output angle, which is based on the cuts and the angles of the 

fitted lines, determines which direction and how much the robot has to turn.  

The algorithm was tested both in a simulator made by Matthew Hurajt of Team Invincible from University of 

Windsor, and on the actual robot. Figure 4 illustrates the steps in determining the robot path in the simulator. The 

simulated image (a) is thresholded (b) to obtain bottom pixels of the pylons. It should be noted than an innovative 

algorithm is used to limit the region of the original image which is required for analysis (adaptive window). The 

result of lane detection is shown in (c). Figure 5 demonstrate the same steps involved in an actual image frame 

captured by the camera on the robot. 
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Figure 4 Steps involved in lane detection in a simulator software. A simulated image (a) is thresholded (b) and the 

lane detection algorithm (c) gives an output angle (top left) that determines which way the robot must follow  

 

Figure 5 Steps involved in lane detection in an image captured by the robot. A simulated image (a) is thresholded 

(b) and the lane detection algorithm (c) gives an output angle (top left) that determines which way the robot must 

follow  

Since the lane detection involves thresholding, it cannot be used inside the tunnel. As a result, a photo resistor is 

used to sense the lighting conditions around the robot. When the robot enters the tunnel, the photo resistor will 

signal the computer to analyze the inputs from the ultrasonic sensors rather than the camera. The ultrasonic sensors 

will detect the distance of the robot from the sides of the tunnel (which is a continuous region unlike pylons). 

One addition problem that may occur in the circuit race is on the incline (hill). The robot speed will be affected by 

the incline and the PWM generated from the microcontroller might not result in the optimum speed. In order to 

overcome this problem, the team is considering the use of a quadrature encoder in a feedback loop to adjust the 

speed of the robot. Further tests have to be done to determine whether the encoder is necessary for low incline 

angles. 

It should be noted that the lane detection algorithm for the drag race is a faster, more simplified version of the above 

algorithm. Since in drag race there are no turns, there is no need to split the image into six sections. An optimum 

result can be achieved by using only two or three sections of the image. 

5. Conclusion 

Overall, Flash Gordon's design is innovative and extremely competitive; with its software based visual system 

backed up by the solid hardware system leaves little room for error with this robot. When combining these aspects 

with the potential for great acceleration and speed, Flash is the ultimate autonomous vehicle for this competition. 


