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ABSTRACT 

The Wildcat Formula Racing Team of the University of Arizona participates in an annual 

engineering design competition where students compete with small formula-style racing cars. 

One of the challenges we face is to provide justification of our design choices to the judges. To 

establish means of collecting data used as evidence and analysis, we use a mixture of automotive 

sensors and electronic sensors to be transmitted onto an external microcontroller, an Arduino. 

The data will then be stored locally and broadcasted from the vehicle to the pit with a transceiver 

module for post-race data analysis, as well as feedback for the team. 
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INTRODUCTION 

BACKGROUND 

Formula SAE (FSAE) is one of the events of multiple collegiate engineering design competitions 

hosted by SAE. Students are tasked to build a small formula-style racing car, with two categories 

of an internal combustion (IC) vehicle or Electric Vehicle (EV). The Wildcat Formula Racing 

Team have spent the year designing and building an IC vehicle. As with many of the IC vehicles 

from other teams, we run a Fuel Injection ECU (Engine Control Unit) System, a system that 

optimizes engine performance by using sensors installed on the car. Over the recent years, many 

teams have designed their cars with an aero package in mind.  
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MOTIVATION 

In order to transition our racecar to one with an aero package, we decided to develop a data 

acquisition system to log the data of the vehicle. The wiring harness was designed to hold 26 

different sensors on the main harness (Suspension Travel, Wheel Speed Sensors, Gear Position 

Sensors, Steering Angle Sensor, etc.) as well as more sensors within the Arduino microcontroller 

box (Inertial Measurement Unit, Humidity Sensor etc). The wiring harness was designed to be 

“overbuilt” with the intention to be re-used for vehicles in the upcoming years. With the 

accessibility and low cost of Arduino modules, we can develop an external device to record and 

broadcast our data through telemetry.  

 

Figure 1: Diagram of the Harness Design 

 

SYSTEM DESCRIPTION 

HARDWARE 

In order to supply power to the Suzuki GSXR 600 2003 engine and its other components, a 

14.4V lithium-ferrous battery is used. The fuse panel directs separate power to the Arduino and 

the ECU. The Arduino Mega 2560 microcontroller is selected as its operating voltage falls 

within the battery’s range. A laptop is required to connect to the ethernet port of the ECU to tune 

the engine. Arduino modules and aftermarket automotive components were chosen based on 

affordability and ease of use. 

Low-cost Arduino modules include:  

• MPU-6050 (IMU sensor, gyroscope) 

• NRF24L01 (Wireless Transceiver) 

• MicroSD Card Adapter 

• BMP180 (Barometric Pressure, Temperature and Altitude Sensor) 

• MCP2515 (CAN BUS Module) 

Aftermarket automotive components include: 



3 

 

• Wheel Speed Sensor (Littelfuse 55505) 

• PE3 Engine Control Unit (PE3 ECU)  

• Steering Angle Sensor (Kaz Tech) 

• PINGEL Electric Shifter 

SOFTWARE 

The ECU’s latest firmware (v3.04.54) includes shift actuator capabilities used for the shifting 

gears with the PINGEL Electric Shifter through our paddle shifter on the steering wheel. This 

allow us to fully consolidate all essential components of the vehicle to the ECU as opposed to the 

2016-2017 and 2017-2018 design which relied on the Arduino.  

 

 

Figure 2: Wiring Diagram of the Electric Shifter with PE3 ECU Shifter Firmware 

 

The Arduino IDE Software is written in embedded C/C++, every Arduino sketch (code) must 

have a setup() function to define the initial state of the Arduino, the loop() function executes 

once setup() is complete, the loop describes the main logic of the circuit. The Arduino software 

has built in tools called Serial Monitor and Serial Plotter. The Serial Monitor is used to debug 

and test if data is successfully recorded and sent. The Serial Plotter is used to compare values 

between two similar components (i.e. Wheel Speed Sensor). The most relevant Arduino libraries 

include: nRF24l01.h, RF24.h (Transmitter) SD.h (SD Card Reader), MCP2515.h (CAN Bus 

Protocol), SPI.h (Serial Peripheral Interface Protocol), Wire.h (I2C Bus Protocol). 
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Figure 3: Set up for the SPI for multiple slaves 

The Serial Peripheral Interface (SPI) is an interface used to send data between the 

microcontroller (Master) and the peripherals (Slave). Most modules in the build are controlled by 

SPI: Transmitter, SD Card Reader, CAN BUS. It requires the module to be turned “on” and “off” 

in the loop() function of the Arduino sketch to be selected to receive data from the 

microcontroller. A script is written where: 

 

Figure 4: Loop() function of the Arduino sketch 

  

MATLAB software is more familiar to the engineering students in the team. A further goal is to 

display the data received from the Arduino and display a live graph on MATLAB for the team. 

MATLAB provides Support Packages for Arduino Hardware on MATLAB and Simulink. It was 

possible to use the “MATLAB Support Package for Arduino Hardware” extension to retrieve a 

live graph of the different Arduino sensors. 

 

Testing & Problems Encountered during Development 

In the process of developing the Host Arduino, the lack of understanding of SPI caused many of 

the modules to “fail” when a specific module was not selected. After some research online, the 

solution was found by writing the script for ‘slave select’. 

 

The code while working between the Arduinos, did not successfully translate onto the MATLAB 

software. It was concluded that the custom functions from the nRF24l01.h library conflicted with 

the MATLAB extension. The Serial Plotter on the Arduino has less customizability, it is also 

unable to plot multiple graphs for varying sensor data. Further debugging would have to be done 

to solve this issue. 



5 

 

 

Figure 5: Process flow of current design set-up 

The wiring harness was very bulky from accommodating all the future sensors. It used a total of 

5 12-pin Deutsch connectors to connect the front and back portion of the harness. This created 

many problems when it came to track the pins and made the harness very difficult to be put on 

and off the vehicle. The ECU and Arduino were designed to be placed under the driver’s legs. 

This made mobility very clunky for the driver and further strained the harness from all the 

movement.  

 

Although data may be sent over, we have yet to convert it into useful information.  

 

CONCLUSION 

Which all the ergonomic issues with the ‘overbuilt’ wiring harness. We have decided to re-locate 

the ECU and Arduino to the back of the racecar, where most of the other electronics are located. 

This will reduce the number of wires needlessly running down half the car, making the wiring 

harness more compact.  

 

There is still a lot of work needed to be done to utilize the data that we collect. One of the 

upcoming projects would be making a readable GUI for the user, and streamlining the SPI 

process.  

 

 

 

 


