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Developing a Modular Package for Autonomous Driving and the 

Experiences Gained while Implementing this System in a 

Sophomore Level Design Course 

 

Abstract 

Radio-Controlled (RC) scaled cars are a great way for prospective engineers to learn real-world 

technical skills including the basics of autonomous driving. In an engineering design course in 

Mechanical Engineering at XYZ University, students were tasked to design, build and test RC cars 

that also included the design and development of a custom gearbox and a steering linkage. The 

testing process required each team to drive their cars individually and compete with other cars on 

an indoor track. During this process, due to the students’ inexperience with RC car driving, the 

cars would crash onto each other or other obstacles and even experience certain maneuvers for 

which the cars have not been designed to accommodate. To overcome these driver-specific issues, 

integration of autonomous driving modules was considered during which students can also be 

exposed to elements of self-driving, sensor integration and wire management as well.  

Current self-driving RC car modules require hours of setup configurations and track-specific 

training before driving autonomously. We developed the Modular Package for Autonomous 

Driving (MPAD) to allow Mechanical Engineering students to assess their work in a complete 

system without requiring coding or electrical design background. MPAD consists of two 

development boards, a microprocessor (Raspberry Pi 4 8GB) and a microcontroller (Elegoo Mega 

2560). Various sensors (Ultrasonic, inertial measurement unit, temperature, and hall-effect) are 

connected to the microcontroller, which then interfaces with the microprocessor. The sensor 

package uses a camera for lane recognition and ultrasonic sensors for collision avoidance. The 

package was specifically designed to be easily transferable from one RC car to another.  

MPAD was implemented in a sophomore level engineering design course. Eight teams of 

mechanical engineering students received documentation in the form of two guides to create their 

own version of MPAD-enabled RC car. While there were challenges and learnings, the integration 

was successful, and the students were able to fully utilize MPADs capabilities with their own RC 

car design and demonstrate a self-driving scale car. This article will discuss the implementation, 

testing details, experiences gained and future work.  

1. Introduction 

Radio Controlled (RC) cars are a great way for prospective engineers to learn real-world technical 

skills. The low cost and shorter turnaround time allow for rapid development and testing and can 

effectively teach many of the same principles as real cars. At XYZ University, ABC is an 

introductory design course where remote-controlled scale cars were designed, analyzed, built, and 

tested by groups of students. Each group was allocated a budget with which they can acquire all 

the necessary parts. The project was divided into three segments. First, the students constructed 

custom powertrains that can be housed in a gearbox. Then, a steering made up of a servo and a 
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parallelogram linkage mechanism was designed and assembled. Finally, students manufactured a 

custom chassis to accommodate and support the weight of all the electronics (including sensors), 

the gearbox, and the steering mechanism. Towards the end of the course, the RC Cars designed 

and built by these groups are evaluated through testing on indoor tracks that requires the cars to 

maintain structural integrity during the entire process. The students are introduced to various 

aspects of the engineering design process as well as to the technical content related to the design 

and analyses of gears, shafts and linkages (such as statics, stress and dynamics). There were two 

versions of the course and their syllabi are available at these locations: Link 1 and Link 2. One 

version (Link 1) of the course was a senior level course where students were expected to design 

every aspect of the RC car from scratch, while the second version (Link 2) was a sophomore level 

course where the teams were given an existing gear-train and were expected to integrate the same 

with the other components. The senior level course and the sophomore level had the same 

objectives, but the sophomore level course had a dual mission of exposing students to various 

elements of mechatronic systems while going over the engineering design process.  

In the senior level course where students designed the complete car, the overall dimensions and 

the gear-ratio are given by the teaching team and the teams were expected to integrate a 27Turn 

brushed DC motor, a 10 to 35 kg-cm rated servo motor along with the electronic steering control, 

a LIPO battery and a receiver for the remote. During several iterations of the course (five iterations 

between 2017-19), students designed different types of cars with gear-trains and demonstrated 

them in multiple races at the end of the course. An example race is available at this online link: 

Race. To be able to drive on these indoor tracks, one or two students in the team must spend 

significant amounts of time learning to drive the RC car since most of the students enrolled in the 

course are not familiar driving such cars. Note that this can only happen once the car has been fully 

built. This time spent could be effectively utilized for other activities such as creating improved 

designs as well as correcting any manufacturing imperfections, etc. Since the students are not 

experts, they can cause unexpected crashes or maneuvers that can lead to the car being taken out 

of commission for an extended period, which is not useful since the race is held at the end of the 

course. To tide over these issues, the teaching team explored ways to isolate the testing of cars 

through the use of a self-driving system. Given the increasing amount of research into self-driving 

cars, it would be apt to also introduce the related concepts as well as provide exposure to the 

students to integrate sensors and work on wire management, which are crucial in modern 

mechatronic systems. This was the motivation for the development of MPAD to convert any RC 

car into a self-driving car.  

Several teams of students were involved in the development of the self-driving system since 2018 

at XYZ University (Link shows a video of an example system being tested). A viable version was 

developed in early 2021, which is when we selected the sophomore level introductory engineering 

design course to test the same. This was due to the fact that the senior-level course was carrying 

out a different project and the teaching team felt that the introductory course would be a good fit 

since it could help students understand various components of the mechatronic system, provide an 

early exposure to the design and analyses of such complex systems as well as to introduce aspects 

of control, sensing and ultimately self-driving. During this process, groups were tasked with 

implementing MPAD on their designed RC cars. They were provided with a sensor and AI guide 

that was easy to follow, one that required no prior knowledge of sensors or AI programming. 

https://1drv.ms/b/s!AtHIJxxntmsW1RObxycQY59f9TLK?e=CfZzFv
https://1drv.ms/b/s!AtHIJxxntmsW1RJUsicUF7nlZW_y?e=7csvyx
https://1drv.ms/b/s!AtHIJxxntmsW1RObxycQY59f9TLK?e=CfZzFv
https://1drv.ms/b/s!AtHIJxxntmsW1RJUsicUF7nlZW_y?e=7csvyx
https://youtu.be/vFhJ4NV6oDo
https://1drv.ms/v/s!AtHIJxxntmsW1RWYQqeWquTSFKY5?e=6oO8EC
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Emphasis on ease of use ensures that students were spending time developing their car rather than 

worrying about configuring sensors or software. This was a guiding principle throughout the 

development of MPAD and pivotal in making sure the module could be used by students with any 

skill level. By introducing MPAD to classrooms, students can discover and integrate electrical 

engineering and computer science principles with mechanical engineering to deliver a 

comprehensive final product. Autonomous driving is the ideal way to test a custom RC car’s 

mechanical integrity and avoid human-induced driving bias.  

 

The paper is organized as follows. Section 2 presents background on currently available RC car 

modules followed by a detailed description of MPAD in Section 3. Section 4 will discuss the 

implementation in course, outcomes and feedback from students in addition to various challenges 

that were encountered. Finally, concluding remarks will be presented in Section 5. 

 

2. Currently Available Self-Driving Modules for RC Cars 

Autonomous vehicles have gained considerable interest in recent years due to their potential for 

disruption. As they advance in capability and increase in adoption, studies have shown autonomous 

vehicles can reduce accidents and traffic congestion [1]. The race to achieve full autonomy is 

undoubtedly here and many companies are taking part in it. Although the closest purchasable fully 

autonomous vehicles are those with adaptive cruise control (ACC), there are now driverless, fully 

autonomous commercial vehicles on the roads in the United States. Waymo [2], a subsidiary of 

Google entirely focused on self-driving, recently released a driverless ride-hailing service in 

Phoenix, named Waymo One [3]. This service is fully available to the public but is not yet ready 

for denser city driving with a larger population and more obstacles. As self-driving technology 

cements itself in our society, it becomes more important to provide exposure to the technologies 

involved in autonomous driving to students in mechanical engineering. Developing a car with 

these capabilities requires computer vision and a variety of sensors to recognize its surroundings 

and navigate obstacles. 

Plans to introduce an add-on self-driving module to the student-designed RC cars were met with 

difficulties as current self-driving RC car modules, such as Donkey Car [4], SunFounder PiCar 

[5], and Deep Pi Car [6], require hours of setup configurations and course-specific training data 

set before driving autonomously. Even after training, most modules did not provide the capability 

to avoid obstacles or traverse non-standard terrain. Furthermore, additional steps would need to be 

taken by the group to configure the self-driving module to the specific design of the RC Car. A 

particularly useful self-driving module that can be used by students is the AWS DeepRacer [7]. 

This package focuses more on the deployment of a custom machine learning model to a prebuilt 

RC car that contains the required sensors. Therefore, AWS DeepRacer advertises itself as a tool to 

allow prospective users to practice and deploy machine learning and renders insufficient for a 

course such as ABC designed for mechanical engineering students.  

Donkey Car uses Machine Learning to drive. Given that it does not call upon a previously 

established model, the user would need to create their own model. Creating your own model is a 

lengthy and complicated process that requires starting over if the model is flawed. Collecting the 

training data requires manually driving the car around. The driving skill of the model will be 
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dependent on the driving skill of the user. The driving data then has to be transferred to the user's 

personal computer where the training can take hours. The end product is track-specific and such 

an RC Car cannot stay in the lane if changes are made to the track. The driving itself of both 

DonkeyCar and AWS DeepRacer influenced the training process and was not universal to any RC 

car. Interfacing with the car was not essentially intuitive. Therefore, it was quite unreliable to use 

DonkeyCar or AWS DeepRacer in a mechanical engineering course such as ABC at XYZ 

University.  

3. Modular Package for Autonomous Driving 

The intent of the Modular Package for Autonomous Driving (MPAD) is to allow users to convert 

their Radio-Controlled (RC) cars into fully autonomous ones. Such mechanisms will need to have 

similar technology like autonomous vehicles. Most autonomous vehicles are equipped with 

sensors that enable them to detect objects and avoid obstacles. This is carried out by computer 

software that takes physical readings of the car’s surroundings and makes sense of not only where 

the car currently is, but where it should be moving towards. Sensors can also call attention to data 

about the car’s performance and can be useful in designing safer cars. The current sensors 

implemented through MPAD are cameras, ultrasonic sensors, IMUs, temperature sensors, and hall 

effect sensors. Readings from these sensors are displayed on a dashboard and can be exported for 

further analysis. Users can engage with MPAD through this dashboard. 

3.1 Dashboard 

The dashboard was intended to provide the user with real-time driving controls and a display for 

the sensor data. After assembling the sensor package, students can simply navigate to the MPAD 

Web Application’s unique URL on any web browser to view documentation and access their car’s 

driving dashboard. When the RC Car’s Raspberry Pi is powered on, it will automatically register 

on a server and begin streaming camera and sensor data. Users can monitor and export sensor data, 

watch the camera feed, and control their car’s driving in real-time through the dashboard (seen in 

FIG 1). 
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FIG 1: Driving dashboard on MPAD’s web application 

 

Within the car, there are numerous sensors that are wired through a breadboard to the 

microcontroller. Starting with the sensor module (in blue on FIG 2), the sensor data and camera 

feed are processed on the Arduino and forwarded to the Raspberry Pi, which then sends that 

information to the users (in pink on FIG 2) on the web dashboard through the Heroku [8] server. 

The Raspberry Pi can then receive driving requests from the users and send them to the mechanical 

driving components (in green on FIG 2). Essentially, the server acts as the gateway between the 

car and the web interface page. 
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FIG 2: Abstracted system block diagram 

 

All communication and data go through Heroku as seen in FIG 3. The start/stop commands from 

the webserver trigger the car’s self-driving program. When a user makes a change to any of the 

driving controls, the dashboard will send an appropriate application programming interface (API) 

request to the server with the car’s id. The server will then retrieve the current configurations of 

the car, apply the requested change, and send the updated information to the car. From here, it 

continually polls the server every 500ms to check if any control updates are necessary. The server 

stores all its information in Redis [9], a storage system that works well with Heroku, and updates 

it appropriately as changes are made. 
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FIG 3: Web application system architecture 

The dashboard pulls in data in real-time from the car’s sensor array. This is done while providing 

a means for users to control the car’s self-driving algorithm. The system utilizes a wide array of 

tools including Flask [10], Heroku, bash scripting, Chart.js [11], Socket.io [12], and general web 

development tools (HTML, CSS, JS). These tools were used in tandem to provide the user an 

intuitive connection with the car. 

MPAD will allow a vehicle to successfully drive tracks with lanes made up of any color. In order 

to achieve this, a ‘Lane Selection Tool’ was designed to allow users to dynamically select the color 

of the lane and be able to view how the car sees it. To use this tool, a user must simply click on 

different parts of the lane in the frame on the left (seen in FIG 4). Upon each click, the right frame 

will begin to highlight the lane in white (seen in FIG 4). 

 
FIG 4: Lane color selection tool on the web dashboard 
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There is a button to reset the color channels if the user selects a pixel that they did not intend to. 

Any selection that is not on the lane will create noise and highlight background elements that will 

disrupt the driving algorithm since the color channels are output to the car and used in the driving 

code. Once the lane colors are set, the car is ready to be driven autonomously. 

 

3.2  Autonomous Driving Implementation 

Control of the self-driving algorithm is accessible through the dashboard. Autonomous Driving is 

achieved by video capture, lane following, and obstacle avoidance. The camera is the main input 

required for detecting lanes. This makes it the single most important sensor for autonomous 

driving. Because a camera has a wide field of view and captures content in color, it is ideal for 

aiding a self-driving algorithm in a cost-effective way. Mounted at a 60-degree angle relative to 

the face of the car, the camera captures most of the car’s forward perspective at 8in above the 

ground.  

The primary goal of lane following is to stay in the middle of the two lanes. To do this, the 

algorithm looks at the bottom half of the image to determine which side of the screen has the least 

lane color in it. Because this side is assumed to be furthest to the car, the servo is set to steer toward 

it. FIG 5(left) shows a section of the frame used by the algorithm to determine the distance from 

the lane on either side. Getting to the middle of the lane is done by attempting to equalize the car's 

distance to both lanes. 

    

                                                                                        

FIG 5: (left) Image Selection on Frame to determine the amount of Lane Color, (right): Lane Detection Flow 

Diagram 
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Given, for example, the two final cropped images in FIG 5 (left), the algorithm will suggest a sharp 

left as the cropped area on the left does not contain a lane to detect. A schematic of this Lane 

Detection process is shown in FIG 5(right). Principally, the difference (distance) of the left lane is 

subtracted from the difference (distance) of the right lane. This is called the offset and it determines 

where the car should be going to stay in the middle of the lane. Based on the value of the offset, 

the algorithm determines not only which side to turn but also the sharpness with which it has to 

make the turn. 

Obstacle avoidance builds on top of lane following. This means that obstacle avoidance will still 

follow lanes. Obstacle avoidance works with a fusion of ultrasonic sensors and the camera. 

Autonomous driving is only achieved by looping the above process of video capture, lane 

following, and obstacle avoidance process hundreds of times a minute. This approach is the most 

minimally taxing on the Raspberry Pi’s CPU.  

3.3  Sensor Implementation 

Choosing the appropriate sensors to record the data patterns is an essential part of any car's design. 

A combination of sensors allows the car to recognize and interpret what is occurring around it. 

Sensors are placed in specific areas of the car. The sensor package contains two temperature 

sensors (one near the battery and another close to the motor) to avoid overheating issues, one IMU 

to allow for drivability through ramps, one hall effect sensor to collect data on the rpm of the 

motor, and seven ultrasonic sensors (one in each side and five in the front) to enable the obstacle 

avoidance feature of the car. The locations of these sensors are depicted in FIG 6. 

 
FIG 7: Sensor Layout in an RC Car 

The final sensors’ block diagram can be seen below in FIG 7. Starting from the Elegoo Mega 

(Arduino, microcontroller) and the sensors, the sensors mentioned above in the Sensor Layout 
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section of this chapter are wired to an on-car breadboard (or printed circuit board). From there the 

sensor data is compiled in the Elegoo’s software platform and sent serially to the Raspberry Pi. 

The Raspberry Pi takes three other inputs: the camera for lane following, the portable battery as a 

power supply, and the server for user-input driving conditions. From these inputs, the Raspberry 

Pi controls the Servo Shield. The Servo Shield then sends those controls to two outputs: the 

Steering Servo for steering and the ESC for the velocity of the car. The ESC also requires a LiPo 

Battery to have a battery sensor for the car. This makes the Raspberry Pi the main processor 

responsible for providing the commands to the mechanical parts of the car. The temperature data, 

acceleration, and orientation data gathered from the sensors by the Elegoo Mega will be sent to 

the Raspberry Pi, which in turn will forward it to an online UI dashboard alongside the camera’s 

live feed. All these components combined create MPAD. 

 

 
FIG 7: System Block Diagram for MPAD 

 

The sensor package was an essential part of the fully integrated MPAD providing sensor data for 

display in the dashboard and allowing for features enabled by the AI aspect of the project. All of 
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this information can also be found in the main guides for sensor setup, which are the Sensor and 

AI Setup Guide and the Arduino IDE Setup Guide.   

3.4  Technical Testing of MPAD 

Complete testing was carried out on a test car before MPAD was introduced to ABC Course in 

XYZ University. This included the sensor accuracy testing of each sensor in the system. Each of 

the sensors is presented on a standard line graph, with the exception of the ultrasonics which is 

shown on a web graph. Please see FIG 8 for a breakdown of the data graph from each sensor.  

 
FIG 8: Sensor Readings being Displayed on Dashboard  

The Web Application was found to be accessible through any web browser and even worked on 

mobile devices. The startup script which includes the sensor reading script and the master script 

that handles the car’s controls is more reliable on the Raspberry Pi 4 (4-8GB RAM) than Raspberry 

Pi 3 (1GB RAM). The upgrade to Raspberry Pi 4 decreased latency and allowed the cars to be 

more responsive at higher speeds. With around 35 ms runtime, the driving essentially ran at 28.5 

fps. This means the driving code itself was fairly efficient. 

The RC car used for testing is 27cm wide, 41cm long, and 18 cm high. It is a 3-D printed RC car 

made from mostly plastic parts with some aluminum elements (FIG 9). The RC car is rear-wheel 

drive only and is capable of reversing direction. In terms of steering, each wheel can turn 46 

degrees in both directions. This gives the RC test car a turning radius of roughly 90-degree. Given 

the dimensions and size, the car was tested on multiple tracks with the full modular package. The 

https://docs.google.com/document/d/15bgff8rsv08fIojgqxOBAY9AvWEI6uqdDFgLxptRRHI/edit?usp=sharing
https://docs.google.com/document/d/15bgff8rsv08fIojgqxOBAY9AvWEI6uqdDFgLxptRRHI/edit?usp=sharing
https://docs.google.com/document/d/1t1BtwT7rGrhlTMjrzaKlomSs7tRYUCNe-1HfrWLGjHY/edit
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car was also tested for its speed on the track and its ability to maneuver around obstacles and stay 

between lanes. 

 

 
FIG 9: RC Car used for Testing 

It was found that when the speed of the car increased, the latency stayed the same but the 

opportunity to make up for it decreased. Sharp turns also have less room for error, so during high-

speed testing they tended to be the point of failure. Obstacle avoidance was tested by having the 

car complete the track continuously while increasing the size of the obstacle blocking the lane. 

Testing showed that as long as the obstacle had a surface from which ultrasonic sensors could 

bounce rays off, the size of the obstacle was not as important as the total road blocked. The car 

was able to avoid obstacles and still stay within the lane as long as at least 60% of the road was 

unblocked. Sharper turns were needed on the bigger blocks so not every car might have the steering 

capabilities to avoid it. 

As a total reset, if something were to go wrong with the algorithm, the user can start and stop the 

driving to ‘restart’ the process. 

4. Implementation in Course 

MPAD was introduced in a 2021 spring semester ABC Course at the XYZ University. The goal 

of the course was to help mechanical engineering students understand mechatronic systems and be 

exposed to concepts of gears, shafts, linkages as well as self-driving systems. In the course, there 

were eight groups, each consisting of 4-5 students. The groups designed, analyzed, manufactured, 

and assembled RC Cars that could not only carry a payload but also take full advantage of an add-

on self-driving module to drive autonomously. In the process, they became familiar with a 

structured product design process that included challenges in design thinking, analytical and 
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computational analysis of the design, points of failure analysis, and integration of electronic 

components to a mechanical product. 

4.1  MPAD Setup Guides 

After students designed and built their RC Cars, they were given “How to Setup” guides. These 

guides were written with the intention of providing them to Mechanical Engineering students. As 

mentioned earlier, there were two main guides: the Arduino IDE Setup Guide and the Sensors and 

AI Setup Guide. The Arduino IDE Setup Guide provided step-by-step instructions on uploading 

the Arduino IDE and sensor code to the Elegoo Mega 2560 microcontroller. It contained images 

to support and assist students as they went through the whole process by themselves. The Sensors 

and AI Setup guide aided the students with setting up the hardware required to fully utilize MPAD. 

The guide went over the main components of the sensor package as well as the implementation 

and best places to position the various sensors. It also covered the AI and UI systems overview 

and the limitations of MPAD. 

4.2  Course Population and Typical Car Design 

Since the course was composed of mostly freshmen and sophomore year students, a significant 

challenge faced by the teaching team and MPAD developers was to convey the complexities of 

sensor and software integration to an audience that had limited knowledge about the subjects. 

Nevertheless, the setup guides were successful in assisting the students with the process of 

converting their RC Cars into autonomous ones. Students were first able to manually drive their 

scale cars around the track before attaching the self-driving component to it and then having 

MPAD drive the car autonomously. 

After the manual driving phase, each team decided on locations and methods to mount their Elegoo 

2650 Board, Raspberry Pi, and Breadboard on the RC car. This helped them organize wiring across 

the RC car before attaching all the sensors. MPAD is designed to take advantage of the Electronic 

Speed Control (ESC), which regulates power to the brushed DC motor in the gearbox, and the 

Servo Shield, which is the principal steering component of the RC car. Wires from these two 

controllers are first attached to the Raspberry Pi. Then all teams 3-D printed their bumper and 

camera mount. The bumper held the ultrasonic sensors and the camera mount in place and was 

crucial in the self-driving aspect of the project. The ultrasonic sensors were wired to the breadboard 

and the camera was directly connected to the Raspberry Pi as seen above in FIG 8. It was worth 

noting that five of the seven ultrasonic sensors were placed on the bumper while the other two 

were supported and connected on edge of the chassis between the rear and front wheels. Placement 

for and wiring from the hall effect sensor and temperature sensors were also carried out in a similar 

fashion. The IMU was soldered to the breadboard itself. Once this was done, the Elegoo 2650 

Board itself was wired up onto the Raspberry Pi. Housing for batteries and payload which were 

previously manufactured during chassis design could also be used now to power the Raspberry Pi, 

Servo, and the Motor. A fully connected and set-up self-driving RC Car designed by a student 

team can be seen in FIG 10(a) and FIG 10(b) below. 

 

https://docs.google.com/document/d/1t1BtwT7rGrhlTMjrzaKlomSs7tRYUCNe-1HfrWLGjHY/edit
https://docs.google.com/document/d/15bgff8rsv08fIojgqxOBAY9AvWEI6uqdDFgLxptRRHI/edit?usp=sharing
https://docs.google.com/document/d/15bgff8rsv08fIojgqxOBAY9AvWEI6uqdDFgLxptRRHI/edit?usp=sharing
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    FIG 10(a) – Example CAD Model of Final Car        FIG 10(b) – Example Final Autonomous RC Car 

4.3  MPAD Testing by Teams and Assistance from MPAD Developers 

Most groups were able to accomplish integration of MPAD with help just from the guides. 

Students could connect to and view their RC car through the online dashboard.  In order to test the 

cars’ ability to drive autonomously, it was important to test whether the camera was turning on 

and connecting to Bluetooth correctly. The guides also served as a resource to view solutions to 

common problems during troubleshooting. Despite sometimes wires breaking apart and losing 

functionality during testing, all teams were able to make modifications and improvisations to their 

self-driving RC Cars before submitting the cars on race day. This is also to say that the teams had 

successfully tested, raced, and submitted working models of their self-driving RC cars. However, 

to submit a final product, most teams initially required assistance with connection issues and 

irregularities with their self-driving RC car. The issues broadly fell under these categories: 

connectivity, unreliable parts, component orientations, manufacturing defects, and server overload 

issues. 

 

4.3.1 Connectivity Issues 

The most common issue was connecting the Raspberry Pi to a Wi-Fi network or hotspot. This step 

was essential as it will allow the groups to Remote Desktop into the Raspberry Pi and upload the 

sensor code. However, the campus Wi-Fi at XYZ University has multiple firewalls and procedural 

steps that hindered ease of use and connection to the online dashboard. To avoid this lengthy and 

troublesome procedure, the MPAD team pre-configured all the Raspberry Pi’s to the 

XYZUNIVERSITY-WIRELESS network and developed a startup script that automatically 

enrolled onto the Web Application’s server. Through initial testing, it also became clear that 

students could quickly pick up the dashboard and learn the functionality of the controls. The issues 

mostly came up with loading the dashboard across various devices for the first time. For instance, 

initial testing in ABC Course revealed that “https://” at the beginning of the URL was necessary 

for the dashboard to work. If not, the camera's live feed will not be displayed, since the WebSocket 

required an encrypted connection to the server. 

4.3.2 Hardware Issues 
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Apart from issues with defective components such as servo-drivers, electronic steering controls, 

etc., some groups, initially, were provided with Raspberry Pi 3’s instead of Raspberry Pi 4’s which 

resulted in slow response and irregular driving by the RC cars. Through testing, it was seen that 

there were significant differences in driving performance on Raspberry Pi 3’s because they had 

only 1GB RAM. As latency increased, the car oscillated more. At high speeds, this can cause the 

car to drive off the track. This is why it was recommended that a Raspberry Pi 4 with at least 4GB 

of RAM be used. In addition to running the driving code, the Raspberry Pi is responsible for 

sending the sensor data and camera feed to the server and receiving driving requests from a user. 

 

4.3.3 Backend Code Changes Related to Servo 

 

While testing their autonomous RC, one team was faced with an unusual issue with driving. The 

code for driving was designed assuming the servo to be in one orientation while the team had the 

servo in a different orientation. This meant the servo placed in a different orientation could steer 

toward a different direction than the intended. It also resulted in some overheating issues. To 

rectify this, an edit to the ‘angleset’ needed to be made in the drive.py file. Once this change in the 

Raspberry Pi code was registered, the RC car began to steer correctly again. Another team realized 

a similar issue with their servo. This team’s servo was centered at a 15-degree angle to the left 

causing the car to shift left and swerve intentionally from a straight path. This was a relatively easy 

fix and required a simple adjustment of the servo. 

 

4.4  Manufacturing, Wiring and Server Challenges  

Manufacturing issues also crept in during the testing phase. One team realized that their laser-cut 

chassis did not account for the margin of error resulting from the manufacturing process itself. 

This issue prevented certain components from hooking onto the chassis such as the side-view 

ultrasonics. This issue was resolved by remaking this section of the chassis and incorporating the 

margin of error. Material properties greatly affect the continued use of the self-driving RC Car. 

While groups tested their autonomous cars, some crashed into walls, resulting in broken bumpers 

or misplaced gears and shafts. For example, one team had their ESC connected in the opposite 

direction making the car reverse backward instead of moving forward and thus crashing the car. 

This was a frequent issue and groups recognized that they needed to test their vehicles in an 

environment where crashes could be easily stopped. 

  

Throughout the testing phase, it was seen that various issues with components and miswiring 

contributed to difficulties with self-driving. Much of this resulted in a greater need to highlight the 

exact configuration required for MPAD to run effectively. Feedback from the students in the 

course provided valuable insight as to where the guides overestimated student abilities or under 

described certain procedures. These updates to the guide were added after MPAD was tested in a 

classroom setting. Some of these issues include the distance of the camera above ground level for 

maximum view, the requirement of certain sensors like the temperature sensor to be placed within 
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the vicinity of another component, checking the working of individual components before the 

whole system was put together, etc. 

During the course, many groups carried out late-night testing to get their RC cars working before 

the deadline. Affairs resulting from a collective need by all the groups to carry out these 

assessments at the same time resulted in overloading of the server before race day. The application 

can handle any number of cars but is limited by the server’s request handling capabilities and as a 

result, it is recommended for groups of two to four to test the service at a given time. 

4.5  Student Experiences 

It is safe to say that most students left the course with valuable experiences. Many of them have 

formed good friendships as well. Most of all, students were able to comprehend complex 

information and use it to design, build and create complex electromechanical systems in a team 

setting. Students in earlier iterations without the self-driving and electronics components (in the 

senior-level course) had rated the course as one of their best and having learnt a lot in the process. 

The teaching team expected a similar evaluation from the students in the sophomore level course 

as well. During course evaluations, it was found that the course was rather difficult as it was time-

consuming but otherwise it felt “rewarding” on completion with students rating over 4.2/5 for the 

course content and the learning achieved. The link presents videos of the students testing their RC 

cars using MPAD: https://1drv.ms/u/s!AtHIJxxntmsWyXj28wetKGoTgwdh?e=9bcUID.   

  

5. Conclusion and Future Work 

MPAD was created to be a modular package that allows RC cars to autonomously drive through 

tracks. The final package contained features such as lane following, obstacle avoidance, sensor 

data gathering and display, and interactive dashboard. The package does not require any training 

and is not track specific, increasing the efficiency, practicality, and value of the final product. This 

project was able to complete its main educational goal with the help of two guides that allowed 

the students in ABC Course at XYZ University to be exposed to the concepts of electrical 

engineering and computer science by integrating MPAD into their own custom RC cars. This 

MPAD implementation was also proof of its modularity aspect, where different RC cars were all 

able to utilize MPAD to add autonomous driving features to their design. This process exposed 

project participants to various challenges in developing a system and scaling that to be used in a 

course. In terms of future work for MPAD, there are several additions planned such as utilizing 

additional sensors such as LiDARs for obstacle detection and switching to local hotspot and a local 

server-based system for enhanced connectivity and restricted-free access.  

 

This course does provide a good concept where the students are exposed to a mechatronic system 

design and development early on in their engineering education and can be valuable in their future 

coursework. With regard to continued implementation, the cost of components for the self-driving 

module as well as for the scale-car can be significant especially considering that the students are 

https://1drv.ms/u/s!AtHIJxxntmsWyXj28wetKGoTgwdh?e=9bcUID
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handling most of these components for the first time and cause defects. The current supply chain 

constraints have significantly increased the cost of most required components. Once the cost of 

components has stabilized, the teaching team plans to integrate some of the advances in MPAD 

and the learning from this implementation into a future course.  
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