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Abstract—In this innovative practice WIP paper, we present 

PyRoboCar, a low-cost deep neural network-based autonomous 

car project. PyRoboCar is a small-scale replication of a real self-

driving car using a deep convolutional neural network (CNN), 

which takes images from a front fisheye camera as input and 

produces car steering angles as output. PyRoboCar uses a similar 

network architecture as industry-level autonomous cars and can 

drive itself in real-time using a camera, an additional Tensor 

Processing Unit, and a Raspberry Pi 4 platform. We have also 

made this project open online, including the code and instructions. 
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I. INTRODUCTION 

In recent years, the use of educational robotics has increased 
in STEM education as a creative process based on a hands-on 
learning experience. By participating in the construction, 
programming, and manipulation of a robot, students have 
opportunities to apply their knowledge of science, technology, 
and social skills. Although it does not imply a pedagogy by 
itself, educational robotics can play a crucial role of being an 
exciting tool in the lab to teach entry-level concepts, and a 
comprehensive science lab setup to teach upper-level topics like 
physics [1] or artificial intelligence (AI) [2]. 

Although educational robotics is still not considered as a 
required component in STEM education, the recently published 
robotic projects envision a series of positive contributions on: 1) 
academic performance [3], [4], 2) interest/motivation [5], 3) 
teamwork/social skills [5], 4) creativity [6], and 5) problem-
solving skills [7]. 

In this paper we present the PyRoboCar as a compelling, 
realistic, and extensible educational robotics project. This 
project primarily targets high school and college-aged students 
by providing an end-to-end project, from hardware assembly to 
deploying a deep learning model for autonomous driving. All 
autonomous behavior is implemented onboard in Python using 
computer vision and deep learning framework.  

II. RELATED WORK 

In a robotics project for education purposes, the project 
should be of 1) reasonable price (affordable by schools, or even 
students), 2) provide sufficient computational power (real-time 
processing and decision making), and 3) extensible (to new 
ideas, new hardware such as light sensors). In this section, we 

review some of the recent robotics projects for educational 
purposes or have the potential to be adopted by educators. We 
especially focus on reviewing the hardware, the cost, and the 
extensibility (reviewed project summarized in TABLE I). 

DeepPicar (the authors are from University of Kansas and 
Indiana University; in this paper, we call it DeepPicar by KU 
and IUB since there are two projects that used similar names) is 
a robotic car project completed in 2018 based on a deep 
convolutional neural network (CNN) on a Raspberry Pi 3 [8]. 
The authors also tested several hardware platforms and 
compared their performances in supporting CNN-based robotic 
cars. The hardware was relatively simple - the robotic car used 
is a Remote Control (RC) car that can drive at only two different 
speeds, and the potential for future extensions (such as adding 
sensors, etc.) is also limited. The code is posted on Github, but 
it has not been updated since June 2019. 

DeepPiCar (the author posted it on towarddatascience.com 
as a series of blogs [2]; in this paper, we call it DeepPiCar on 
TDS) was a newer robotic car project originally published in 
2019. The author chose the SunFounder robotic car kit because 
the producer provides an open source Python API. The deep 
learning model used in this project is a real-world CNN model 
developed by Nvidia for self-driving cars and provides a 
foundation on which the student can build upon by adding new 
features. However, this project has not been updated since 2019, 
and many of the frameworks and libraries used in this project 
(TensorFlow, OpenCV, etc.) have since been updated, causing 
several compatibility issues which are not addressed. 

PiDrone is an autonomous drone project created at Brown 
University in 2018 [9], and it is utilized as a core tool in an 
undergraduate introduction to robotics course. The project puts 
extra emphasis on real-world applications of autonomous 
drones, aiming to educate students on the use-cases and potential 
societal impact of UAVs. The project itself involves creating an 
autonomous drone that can localize and maintain position, 
utilizing Python and Robotics Operating System (ROS) on a 
Raspberry Pi 3. The course provides an introduction to robotics, 
giving students exposure to ROS and controllers. Given how 
focused this course is on robotics, it may not be as appropriate 
for introducing K-12 students into STEM, as the learned 
knowledge via this course is not widely applicable on domains 
outside of robotics. The course is still offered at Brown 
University as of April 2021; however, the updated coursework 
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is unavailable for students not in attendance at Brown 
University. 

The Sustainable City Robotic project was developed in 2020 
by researchers from Spain [10]. The project was designed to 
introduce the concept of “sustainable cities” to primary school 
students, using robotics as a learning tool. The students are 
tasked with building a miniature sustainable city, incorporating 
the main concepts of sustainable cities taught throughout the 
project. The robotic element includes a line-following robot that 
the students program using a drag and drop, code-block interface 
called Bitbloq. This project is a good demonstration of the 
breadth of subject domains to which educational robotics can be 
incorporated into the curriculum. By adding an interactive 
element to the lesson, the researchers were able to introduce an 
important and complex topic to children aged 10-11. While this 
project is a good introduction for young children, there is not 
much room to build on top of and/or extend the project to 
introduce new and more complex concepts. 

The PiBot is an educational robotics tool created in 2019 
[11] that targets high-school students and aims to bridge the gap 
between courses and devices used to introduce young children 
to robotics and more advanced projects aimed at undergraduate 
and graduate-level students. PiBot succeeds in its goal of being 
a low-cost and accessible project, as the hardware components 
are available for purchase or they can be 3-D printed, adding 
another educational component to the project. Students can also 
forgo the hardware all together and operate a 3D PiBot model 
on simulation software, Gazebo. The authors have also 
developed exercises that are available online that introduce 
students to the different capabilities of the PiBot. However, it 
appears much of the code required for this project is no longer 
available, as we received a 404 error when attempting to open 
the code repository included in the article. 

III. PYROBOCAR PROJECT 

This project and paper is based on the earlier work by David 
Tian. His blogs [2] were the foundation of our PyRoboCar 
project, but we have upgraded the hardware and software of his 
project in 2019 and made it friendlier to users. The PyRoboCar 
is a practical car that can be assembled for under $300, with 
options to upgrade accessories for additional costs. TABLE II 
shows the current pricing for the parts of the PyRoboCar project. 

In addition to the hardware listed, there are necessary items 
and materials that users are assumed to have access to in a 

standard school computer lab, including: colored tape, a USB 
keyboard and mouse, a monitor that takes HDMI input, a micro-
HDMI to HDMI cable, and a lab computer. 

Our PyRoboCar project provides a roadmap for students to 
build their own physical and self-driving robotic car using deep 
learning and computer vision from scratch. Students are 
expected to implement various steps on different levels of 
computing environments, including robotics (physical), 
Raspbian (single-board computer), PC, and the Google Colab 
cloud computing environment. See Figure 1 for the outline of 
this PyRoboCar project. 

The first step in the project is assembling the robotic car, 
mounting the Raspberry Pi, Tensor Processing Unit (TPU), and 
camera onto the car, and labeling the lane in a lab space. After 
that, students need to install the operating system, Raspbian, and 
the necessary software, Sunfounder PiCar-V’s python API that 
provides the driver code for the robotic car. Next, students can 
set up remote access to the Raspberry Pi via VNC Viewer, which 
allows the use of remote file transfer and avoids continuous 
monitor, keyboard, and mouse connections. Following this 
initial setup, students can run simple code to test the 
functionality of the robotic car (e.g., move forward/backward, 
make turns) and camera. This process likely necessitates 
students return to the robotics level to make the necessary 
adjustments to the hardware before moving to the next step.  

The second step in the project is to make PyRoboCar see and 
think using computer vision and deep learning software. 
Students should install OpenCV, Matplotlib, and Numpy. 
Students are then able to test the video processing by running 
code to see live video window(s) on PyRobocar. Next, students 
must install TensorFlow for the CPU and the TPU-Processor. 
This installation step also includes the installation of Keras, a 
python deep learning API. Students are then able to test the 
object detection capabilities on objects in the lab (Figure 2).  

The third step in the project is lane-keeping. First, students 
must test the OpenCV. To do this, the video-recording script 
must be downloaded, which allows students to record videos 
and save them to PyRoboCar's file system. The student’s first 
video should be recorded following the labeled lane in the lab 
space. This video will be used in the PyRoboCar code for 
training. When running the computer vision code, the program 
will emerge in multiple windows. These windows will show the

TABLE I.  INFORMATION OF RECENT EDUCAITONAL ROBOTICS 

Project name Hardware Cost 
Programming 

language 

Other AI/ML 

components 
Target users 

DeepPicar by KU 
and IUB (2018) 

Raspberry Pi 3, Pololu motor driver kit, RC 
car 

$70 Python 
CNN, computer 

vision 
N/A 

DeepPiCar on TDS 
(2019) 

Raspberry Pi 3, SunFounder robotic car, 
Google Edge TPU, camera 

$323 Python 
CNN, computer 

vision, 
TensorFlow 

High school and college 
students 

PiDrone by Brown 
University(2018) 

Raspberry Pi 3, camera, motors, Skyline32 
IR sensor, ESC’s, frame/hardware 

$220 Python 
Computer vision 

(OpenCV) 
Undergraduate college 

students 

Sustainable City 
Robotic Project 

(2020) 

BQ PrintBot, plastic board, ZUM robotics 
kit 

€180 
(approx 
$217.49) 

Bitbloq N/A 
Primary School (10-11 years 

old) 

PiBot (2018) 
Raspberry Pi 3, infrared sensors, Raspberry 
PiCamera, ultrasonic 

< €180 Python 
Computer Vision 

(OpenCV) 
High school students 



TABLE II.  COST OF PYROBOCAR 

Component Cost 

CanaKit Raspberry Pi 4 4GB $55 

64 GB micro SD Card $11 

SunFounder Smart Video Car Kit V2.0 PiCar-V Robot Kit $100 

Four 18650 batteries and one charger $20 

Google Edge TPU USB Accelerator $60 

Fisheye USB camera $42 

Total (before tax) $288 

 

 

Fig. 1. General project flow of PyRoboCar project. 

steering angle, projected steering lane line overlays, and the 
edges of the color mask. If the steering angles are too sporadic, 
then the students must go into the PyRoboCar code and adjust 
the HSV (Hue Saturation Value) values to allow for better 
detection of lane colors.  

In step four of the project, students train the PyRoboCar, 
create the training data, create the model with the cloud-based 
CNN deep learning model, and test the performance with the 
PyRoboCar. To produce the training data, students record videos 
of the car being manually controlled driving down the labeled 
lane in the lab space. It is recommended to record at least ten 
videos with varying light conditions, traveling in different 
directions, and turning the car back and forth inside the labeled 
lane while moving down its track. Increasing the amount of 
training data is associated with better performance. Students test 
the training data on the code to ensure that the car is reading the 
data correctly and the tuned computer vision code runs well. 
Once the training videos are ready, students convert the videos 
to images that will be fed to the CNN cloud-based model. 
Further, students must transfer the images to google drive and 
train the model on the cloud. Once the model has been created, 
students can then move the model to the PyRoboCar and test the 
model. At this point, PyRoboCar should be able to use the CNN 
model and autonomously follow the lanes by itself. 

Step five is to review the model's performance. It is possible 
that the model does not perform as well as expected when 
initially running. If so, then students must try to diagnose the 
problem. Firstly, students should check the alignment of the 
hardware, including the wheels and camera. If the problem is not 
the hardware, students must improve the training dataset and 

then retrain the model. Steps four and five should be iterated 
until the car is running to the optimal level. 

IV. PROJECT OUTCOME 

In this section, we present the major milestones of the 
PyRoboCar project and the outcome of each milestone. 

A. Robotics testing and computer vision testing 

After students assemble the robotic car and install the driver 
code, they can test the car using some basic scripts in python by 
calling the pre-defined functions. For example, making the car 
move forward for one second, turn the wheels to the right side 
by 45 degrees, etc. This testing can be done without needing to 
create the lanes on the floor. This step is also crucial for the later 
hardware alignment process in case there are mistakes in the 
hardware assembling process. 

Another test that can be done in the early phase is computer 
vision testing. To test the camera and the OpenCV installed on 
the Raspberry Pi, students can do live object detection using the 
code from the COCO project [12]. The object detection is not a 
component that we use in the PyRoboCar project right now, but 
this is an interesting extension we will implement. In the 
computer vision tests shown in Figure 2, students can check the 
installation and the camera, and get some rough idea about 1) 
the computation power of the Raspberry Pi (10 FPS) and 2) the 
vision of the fisheye camera (barrel distortion is presented). 

 

Fig. 2. Computer vision testing.  

B. OpenCV tuning 

In the project instructions of the PyRoboCar, we recommend 
students to record several short videos (like 5-second long) from 
the camera when the car is placed in the middle of a straight lane, 
facing forward in both bright and dark light conditions. Students 
can use this type of videos to “pick” the HSV color scale that 
helps the OpenCV separate the lanes from the rest of each frame. 
The range of the HSV scale for the lane can cause failure in lane 
segmentation (if the range is too narrow) or too much noise in 
the lane segmentation (if the range is too large). 

The second part of the OpenCV tuning is on the parameters 
of the lane segmentation. There are three parameters 
(minThreshold, minLineLength, and maxLineGap) to be tuned 
to make the car able to detect the lanes from each frame. 



Students can use the short videos to test the parameters so that 
they can produce the lane segments and the current direction of 
the car from each frame. Figure 3 is an example of the output of 
the tuned OpenCV code. 

 

Fig. 3. A screenshot of the tuned OpenCV code. The left window shows the 
lane segments as polygons, and the right window shows the lane segments as 
straight lines (green lines), and the facing angle of the car (red line). 

C. Model Training Process 

One of the most significant steps of the project was being 
able to build a working model to read lane lines and predict an 
accurate angle for the car to drive. The process of developing a 
working model involves students in recording a large number of 
videos, then slicing up each video into individual frames. Next, 
students need to import the folder of frames to their Google drive 
to train a CNN model on Google Colab.  

The CNN model will take each frame, and pick out the 
individual pixels that fit in the parameters students set from their 
chosen HSV values and create the road lines. Then, the program 
will take the angle of the lanes and average the two to create a 
steering angle, as shown in Figure 3. After the students complete 
the model, the program will give some summary statistics. The 
student should look over the summary to make sure that the 
model is accurate before downloading the model. We 
recommend that students choose an area that does not give a lot 
of background noise and is not overly reflective and a lane color 
that is not used around the lab to reduce potential problems. 

D. Testing Autonomous driving 

After the students create a successful model, the next step is 
to test it on the lane (track). Students will need to download their 
model in a ‘.h5’ format from their Google drive and import it to 
the PyRoboCar. The students may also need to create a new lane 
(track) to test the CNN model.  

We encourage the students not to be discouraged if the first 
model did not perform well. This process often takes building 
and testing several models before finding one that works. Being 
persistent and continuing to problem solve is the key to get the 
model to be successful. Figure 4 shows the car running 
autonomously. 

 

Fig. 4. The robotic car driving by itself on a test lane. 

V. PYROBOCAR AS AN OPEN REPOSITORY 

As we reviewed the related work, most of the educational 
robotic projects do not have detailed instructions teaching future 
students/researchers to reproduce the robotic projects. Though 
some of the code is available online, building and coding a robot 
requires tremendous effort beyond the coding part. Robotics-
related projects have unique challenges, including tuning the 
hardware, designing the experiment spaces, debugging the 
hardware issues, etc. Therefore, other than research papers, there 
should be additional step-by-step instructions, including the 
tricks and tips learned by the authors.  

Another issue with most of the recent robotic projects is that 
the authors didn’t make use of the existing open-source hosting 
systems or the project management tools well; thereby, the 
projects are not properly maintained and supported. Most of the 
projects have pending questions unaddressed, and the code are 
likely to become outdated after a major update of the framework 
used (such as TensorFlow). In the DeepPiCar project, we 
decided to make the source code and the instructions both 
available on GitHub. We plan to make this project an extensible 
open-source educational robotics project. The research team will 
continue expanding this project and add new content to the 
Github repository1 (both instructions and code), and we also 
welcome collaborators to interact with our team or contribute 
their code. The extensibility of this project comes from 1) the 
open-source driver code, 2) the frameworks used (OpenCV, 
TensorFlow, etc.), and the computational power (Raspberry Pi 
and TPU). 

In our instructions2, in addition to our code, we also include 
the photos/screenshots/videos to help readers to follow the 
process step-by-step. We have also provided the tips and tricks 
we have learned from this project. 

VI. CONCLUSION 

Robotics-based projects can help students develop scientific 
skills [13]. While accessible educational robotic projects do 
exist, most of them do not provide a comprehensive roadmap to 
guide students, nor do they offer high enough extensibility.  

 In this paper, we present the PyRoboCar project as an end-
to-end educational robotics project, from hardware assembly to 
deploying a deep learning model for autonomous driving. We 
open our source code and our instructions online, and the 
extensibility inherited from the framework and the make of this 
car offers great potential for us to continue expanding this 
project. Opening our work as an open-source project, we also 
welcome contributions from the community.  

1 https://github.com/larguncw/PyRoboCar 
2 https://larguncw.github.io/PyRoboCar/ 
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