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Abstract— Artificial Intelligence (AI) is currently a hot topic
both in industry and engineering education. As a multidisci-
plinary field, self-driving vehicle (SDV) research has attracted
much attention and is significant for applying and promoting
AL This paper presents our SDV curriculum for engineering
education, which was developed with a fundamental basis in
AL The curriculum consists of five courses: Practical Methods
Based on Robotics, Introduction to Artificial Intelligence, In-
novation and Entrepreneurship, Digital Logic, and Embedded
Development for Linux. Students with different academic back-
grounds interested in AI or SDV can be trained by theoretical
lectures and laboratory sessions at different levels. Students
participating in the curriculum have inspired innovative ideas
and practically implemented further work in the SDV field.
In addition, we have produced educational resources including
textbooks and an experimental SDV system. These case studies
are discussed here. The curriculum has received highly positive
feedback from students, which shows the effectiveness of our
work. We are refining and promoting the curriculum for more
students who are seeking knowledge and ability in AI and SDV
fields.

I. INTRODUCTION

Artificial Intelligence (AI) has been researched and devel-
oped for decades. In recent years, Al has been applied to
demonstrate and promote various innovations in fields such
as robotics, big data analysis, brain-inspired computing, and
self-driving vehicles (SDV).

Similar to Al, the development of SDV has been a hot
topic over the past decade, but it is not an emerging research
area. From the 1960s to the 1980s, the Stanford Cart project
was launched, and about a decade after it was built, the
cart was reborn as an autonomous vehicle, and finally, it
was equipped with 3D vision capabilities [1] [2]. In the
1990s, researchers at Carnegie Mellon University utilized
the donated Navlab 5 vehicle for on-road navigation exper-
iments, including autonomous lane keeping, lateral roadway
departure warning and support, and curve warning based
on portable advanced navigation support (PANS) platform
that they developed [3]. The Defense Advanced Research
Projects Agency (DARPA) held the Grand Challenge in
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2004 and 2005 and the Urban Challenge in 2007, with
the goal of spurring American ingenuity to accelerate the
development of autonomous vehicle technology that could
be applied to military applications [4], [5]. These challenges
contributed to driving the invention of SDV and also fos-
tered a community that now is leading the SDV industry
[6]. To date, several participants of this community have
been researching and developing SDV within well-known
companies and institutes, making the SDV industry a reality.
The SDV industry includes both traditional car manufacturers
and internet companies, including representative enterprises
such as Benz, Toyota, Tesla, Google, Baidu, and Huawei.
For example, Google’s self-driving car project developed into
Waymo [7], which is currently one of the representative SDV
companies. Furthermore, various institutes and researchers
are contributing to components of SDV research, such as
software and hardware for sensors, algorithms, communica-
tion, and batteries.

From the perspective of engineering education (EE), SDV
is a multidisciplinary field comprising a range of topics,
including automobile and transportation technology; Al, such
as deep learning, reinforcement learning, and computer vi-
sion; Internet of Things (IoT), especially sensors such as
LiDAR, millimeter wave radar, camera; robotics, including
perception and motion planning; graphics processing unit
(GPU); communication, such as 5G; and control systems,
such as the proportional-integral-derivative (PID) controller.
Therefore, SDV is a wonderful demonstration of science,
technology, engineering, and math (STEM). However, to a
great extent, the realization of SDV depends on the develop-
ment of Al

Al provides the fundamental capability for SDV to process
perceived data, develop a motion plan, and finally control the
vehicle. In addition, intelligentization is becoming integral
to almost all aspects of daily life. For example, intelligent
transportation has promoted the rise of Al, IoT and battery
electric vehicles (BEV) are becoming increasingly popu-
lar, and 5G technology is gradually being promoted and
deployed. Recalling and contrasting the era when feature
phones were widely replaced by smartphones with the rise of
mobile internet enabled by 3G/4G technology, it is now the
era for SDV and related technologies to replace traditional
vehicles with the development of 5G technology.

Focusing on EE, with the former acceleration of smart-
phone and mobile internet technologies, many students be-
came developers after being trained in related technologies,
such as Android or iOS development, and then fed back
to push forward the related industries. Therefore, EE could
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also evolve with the continuous development of SDV. If EE
is performed or strengthened based on SDV, the students
can be trained with the essential state-of-the-art knowledge
in Al In addition to adequate theoretical study, the students
can obtain practical experience with application scenarios of
SDV to understand how AI works and how it is utilized to
change daily life and the world.

Therefore, this paper presents the development and orga-
nization of the curriculum based on SDV for teaching Al in
EE. We share the experience, achievements, and effects of
this curriculum applied in Lanzhou University.

The rest of this paper is organized as follows. In Section
II, the related work for AI in EE, especially the topic of
SDV, is reviewed. The design scheme of the curriculum is
discussed in Section III. Section IV introduces and analyzes
the case study inspired by the course content. The evaluation
is presented in Section V. Finally, Section VI concludes this
paper and discusses future work.

II. RELATED WORK
A. FUNDAMENTAL ISSUES FOR Al IN EE

From the perspective of the fundamental issues related to
Al in EE, it is clear that purely theoretical study is tedious,
and the study of AI should combine theory and practice.
Therefore, various works in EE have been applied to teach
Al, such as expert systems [8], programming languages [9],
hardware design [10] [11], robotics [12] [13], and computer-
aided instruction [14] [15].

In the early days, [9] discussed the two most commonly
used Al programming languages, LISP and PROLOG in
EE, and showed that the study of such languages should
be included in engineering curricula as Al applications
become more accepted in both science and engineering. [14]
presented the results of an innovative teaching experiment
obtained from using a collaborative teaching system as
support for Al study. Furthermore, the school provided a
rich learning environment, making the EE experience highly
productive.

In the past decade, [10] presented an introductory practical
project on artificial neural network (ANN) offered as an
elective to the undergraduates in the author’s department,
which allowed the students to become familiar with ANN
hardware techniques. [11] introduced an educational system
based on field programmable gate array (FPGA), focusing on
the modeling, implementation, and evaluation of hardware
architectures of ANN-type multilayer perceptron networks.
The method in [11] helped the teaching-learning process
by providing a design environment where undergraduate
students can apply the knowledge acquired in lecture-based
courses related to Al such as pattern recognition and neural
networks. [8] described artificial intelligence based student
learning evaluation tool (AISLE) to improve the use of
Al techniques in evaluating the students’ understanding of
particular topics using concept maps developed by students
in the area of mathematics, which is one of the most impor-
tant topics for EE. [12] proposed a problem-based learning
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(PBL) method that was applied in an Al course. The pro-
posal included problems associated with mobile robotics, in
which the students developed Al solutions to optimize robot
movement in an unknown environment to avoid obstacles.
[13] presented a multidisciplinary model for using robots
in the course of Al. The robots provided opportunities for
students of computer science (CS) and computer engineering
to design and create autonomous agents in the physical world
and explore a variety of advanced concepts, including intel-
ligent agent design, robot control, managing uncertainty, and
planning. [15] presented a gamified experience to teach Al
to CS engineers. The competition and other game elements
in the course proved to be fun for the students. By attending
more classes, the students achieved continuous improvement
in their work and independently accomplished high-quality
assignments.

In addition, Al was applied in some specific areas of
EE. [16] presented the theoretical and legal study of the
application of Al in geotechnics and EE, studied Al in the
geological industry, and traced the practical use of Al in
geotechnics. Even for special education, [17] reviewed Al
application tools that were applied in an attempt to solve
major issues in the diagnosis and intervention of specific
difficulties, including the learners with sensory and/or physi-
cal impairments; autistic spectrum disorders; reading, writing
and spelling difficulties; dyslexia; difficulties in mathematics;
and attention deficit hyperactivity disorder and attention
deficit disorder.

B. SDV IN EE

In addition to the fundamental studies on Al in EE
discussed above, to keep pace with the times, considering
the emerging focus on SDV as a comprehensive and ad-
vanced application area of Al, there also have been several
applications of SDV in EE.

SDV exists within the broader context of transportation.
A previous study [18] presented applications of Al for
designing a simulation system for teaching concepts in
transportation engineering, including key features for SDV,
such as the road system, vehicle, rectilinear and curvilinear
motion, and braking patterns. [19] presented a traffic simula-
tion tool with great versatility for urban circuits as a teaching
tool to provide an intuitive introduction for students. [20]
described the use of a customizable 3D vehicle dynamics
simulation program as a support for teaching the course
of Road Vehicles Theory, and the simulation resulted in a
deeper understanding of vehicle dynamics concepts.

Furthermore, SDV can be treated as mobile robots with
similar fundamental concepts, so research in robotics is
beneficial and transferable to the research and development
of SDV. [21] developed a 3D animated graphical simulation
of the movement of a wheeled vehicle, and described the
mathematical formulation of the dynamics and programming
procedure to visualize vehicle movement. [22] presented a
webcam-based vision system for performing image process-
ing in real-time, which was implemented as part of an Al and
robotics educational platform designed to study collaborative
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moving robots in a dynamic environment. [23] described a
MATLAB computer simulation course project implemented
as part of an introductory graduate course in autonomous
robotics and showed that a meaningful autonomous robotics
computer project could be developed to allow students to
be individually creative and also to understand and share
ideas, tools, and methods with others. [24] presented a
simulation and animation software to help visualize dif-
ferent robot localization solutions, which proved powerful
for performance analysis and optimization of robot localiza-
tion, mapping, and autonomous navigation. [25] presented a
common line-tracing robot feedback control system, which
used an inexpensive CCD camera mounted on the ceiling
for feedback. This experimental system was feasible for
educational purposes.

Along with the significant attention attracted by SDV,
this field requires the cultivation of high-level talent. Com-
monRoad [26] is a collection and simulation of composable
benchmarks for motion planning on roads. It is also a useful
tool for teaching the lecture Foundations of Artificial Intel-
ligence by providing motion primitives for students to solve
planning problems as a programming exercise, which can be
evaluated on the benchmark website [27]. [28] presented a
modular and integrated approach for teaching autonomous
driving with three case studies: (1) an introductory class on
autonomous driving for students; (2) a new session in an
existing embedded system class; (3) an industry professional
training session. It also showed that this approach was an
effective method for teaching autonomous driving. [29] con-
structed a simulator related to the Portuguese Autonomous
Driving Competition using Gazebo [30] as the 3D simulator
and robot operating system (ROS) [31] as a middleware,
which focused on the autonomous driving competition task,
such as semaphore recognition, localization, and motion
control. [32] introduced the ISEAUTO project that aimed
to design and development of an SDV in cooperation with a
private company, university researchers and students in Esto-
nia. [33] described a high-school STEM program utilizing an
exciting 1/10-scale self-driving race car platform with state-
of-the-art sensors and embedded computers, allowing the
students to design and develop complex software systems.
[34] provided an educational case study of SDV where
perceptional concerns, as well as innovation adoption trends,
were investigated considering the United Arab Emirates
population. A leader in EE for Al and SDV is Udacity [35],
which provides online courses in topics such as Al, SDV,
deep learning, machine learning, and robotics. Specifically,
in China, Udacity cooperates with Baidu Apollo [36] to teach
the course Introduction to Apollo Self-driving, Tier IV [37],
and Pix [38] to build the first SDV-engineer training base in
Guiyang [35].

At present, typical training for SDV can be divided into
online and offline. For online training, one major limitation is
that it is difficult for students to practice applying the codes
to real SDV systems [35]. Offline training [39]-[41] is mostly
directed at car manufacturers. This kind of training generally
lasts for several days, and it is difficult for students to fully
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understand the topic of SDV in such a short time. In addition,
both online and offline training is expensive. To overcome
these limitations, this study explored the training methods
for SDV in light of the characteristics and advantages of
universities.

C. OBJECTIVE ANALYSIS

Although there have been several contributions to SDV in
EE, some challenges still need to be further considered:

Social objective: As SDV is a multidisciplinary field,
we aim to draw more attention and interest from students
from different academic backgrounds, and try to satisfy their
various study aims. Once successful, our achievements could
be promoted outside the campus to cultivate more talent in
the broader society.

Academic/technical objective: The systematic curricu-
lum should be designed with a combination of theoretical
lectures and practical exercises delivered to students from
different academic backgrounds. This will enable students
to understand the fundamental concepts of SDV, mainly Al
techniques, and also learn how to apply them in practical
situations.

III. CURRICULUM DESIGN

Considering the objectives described above, here we
present the developed curriculum for SDV in EE, including
two introductory courses for liberal study, one session in
another multidisciplinary introductory lesson, and updated
sessions in two existing professional courses: Digital Logic
and Embedded Development for Linux, with supporting
theoretical lectures and laboratory sessions. The curriculum
framework is shown as Fig. 1, and the curriculum details
are summarized in Table I. The curriculum enables students
from various majors to easily enter the SDV field. In addition,
for enthusiastic students wanting to learn more, we provide
advanced theory and practical tasks for them.

Systematic
Al combined self-
driving vehicle

knowledge

Linux
development for
self-driving vehicle

Hardware level
knowledge for self-
driving vehicle

For
[~ advanced
study

¢ Al fundamentals and introductory
knowledge for self-driving vehicle
For
beginners

-«

Progr fu

Fig. 1: SDV curriculum framework

A. COURSES FOR LIBERAL STUDY

To attract students from different majors, we developed
two introductory courses for liberal study as a basis: Practical
Methods Based on Robotics, and Introduction to Artificial
Intelligence.
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TABLE I: SDV curriculum information

Course Name

Student Grade

Student Major

Course Attribute

Class Hour

Practical Methods Based on Robotics  Freshman - Senior All Liberal Study, Elective Course 36

Self-driving Introduction to Artificial Intelligence ~ Freshman - Senior All Liberal Study, Elective Course 36
Vehicle

Curriculum Innovation and Entrepreneurship Sophomore School of Information Science & Engineering  Liberal Study, Compulsory Course 4

Digital Logic Sophomore CS Professional, Compulsory Course 54

Embedded Development for Linux Senior CS Professional, Elective Course 54

There will be students who know nothing about program-
ming, but are interested in SDV or Al, so they first need to
develop fundamental knowledge and skills in programming,
which are provided in the Practical Methods Based on
Robotics course. This course enrolls students from freshmen
to seniors across all majors, including CS, mathematics, and
physics. The lectures include topics such as computational
thinking and how to program with the visualized user inter-
face of Blockly [42]. This is a visualized tool for fast and
easy programming without writing lines of codes, but rather
by dragging and connecting different functional blocks (Fig.
2 (a)). Therefore, Blockly is suitable for training students
from different majors with a range of programming abilities.
Even for CS students, it is beneficial for them to master one
more programming tool.

In addition to theoretical lectures, practical sessions in
this course include exercises showing how to use Blockly
and then advanced experiments to build a model SDV. The
students are evaluated by their performance in the advanced
experiments. The students are divided into groups of 5-8
persons depending on the total number of enrolled students
in that semester. Each group must build a model SDV,
called FreDuino, from scratch with a manual and a set
of components provided by the teachers (Fig. 2 (b) and
(c)). The components include embedded developing boards,
sensors, metal plates, batteries, cables, wheels, nuts and bolts.
Then, they must program FreDuino with Blockly and try to
drive the model successfully to enter and complete a maze
during a classroom competition by processing perceived data
from sensors and using this to control the wheels (Fig. 2
(d)). Finally, the groups need to present their algorithms,
debugging, and teamwork details to conclude what they have
learned in the course for that semester.

For this course, we published a textbook titled Creative
and Interesting Programming with Blockly (Fig. 3 (a)) [43].
It provides an easy entrance into the world of CS and
engineering for beginners.

Introduction to Artificial Intelligence is also an introduc-
tory course and enrolls students ranging from freshmen to
seniors across all majors. This course mainly introduces Al
fundamentals, including machine learning, neural networks,
deep learning, transfer learning, and deep reinforcement
learning. In addition, the students are given a brief intro-
duction to advanced knowledge related to SDV, including
ROS, localization, sensor fusion, visual perception, planning,
vehicle model, and control. The students are evaluated indi-
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Fig. 2: Practical Methods Based on Robotics course: (a)
Blockly GUI, (b) students assembling FreDuino, (c) an
assembled FreDuino, (d) a maze competition

RESERE
ADIDOT19

TN

[UER

(b)

Fig. 3: Textbooks: (a) Creative and Interesting Programming
with Blockly (b) Theories and Practices of Self-Driving
Vehicle

vidually by implementing their own ideas in Al. They are
encouraged to present work related to SDV, but the topic is
not limited and they usually try to solve general issues in
AlL

Apart from the two introductory courses for all majors,
we provide Innovation and Entrepreneurship only for our
school, the School of Information Science & Engineering.
The students are sophomores and major in CS, electrical
engineering, communication engineering, data science, and
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information security. We are in charge of one session of this
course. Considering that these students know how to program
and some of them have project experience in research and
development, we present content focusing on SDV, including
the history, motivation of their ideas for innovation, and some
detailed Al-related self-driving knowledge, such as localiza-
tion, deep learning for visual perception, transfer learning
for end-to-end self-driving, and deep reinforcement learning
applications in SDV. For students, the general evaluation for
this session is to submit a technical report on SDV indi-
vidually. Further, we observed exciting achievements, where
some students performed a series of practical experiments in
addition to the required report. We introduce their work in
detail in Section IV.

Furthermore, we have published another textbook titled
Theories and Practices of Self-Driving Vehicle (Fig. 3 (b))
[44]. Tt covers both Al principles and SDV practical appli-
cations and helps readers enter these topics quickly.

B. PROFESSIONAL COURSES

Our school is in charge of two existing professional
courses: Digital Logic and Embedded Development for
Linux, which are delivered for sophomores and senior stu-
dents of our school, respectively, with a CS background.
Recently, we have updated the lectures with cutting-edge
SDV content.

Digital Logic is a compulsory course and is based on
hardware scenarios. We generally introduce the hardware
relevant for SDV, mainly sensors, such as LIDAR, millimeter
wave radar, and cameras, and how these are operated at the
circuit level. In addition, we teach a session to train students
how to use FPGA, and they are divided into groups to apply
FPGA to implement a simple adder based on convolutional
neural network (CNN), which is frequently used in visual
perception for SDV. This is a comprehensive assignment,
and for each student, the result of teamwork is part of the
final grade of this course.

Embedded Development for Linux is an elective course
and requires practical exercises during the lectures. It mainly
introduces kernel-level development in Linux. Additionally,
we instruct the students on how to install developing en-
vironments for SDV, including Linux distributions, ROS,
Autoware [45], and OpenCYV, and how to program with these
tools. Figure 4 presents a course exercise with ROS and
Autoware.

Fig. 4: Course exercise for simple model predictive control
in ROS and Autoware, with point cloud in Rosbag on the
left and reference waypoints in Autoware on the right
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IV. CASE STUDIES
A. FURTHER WORK BY STUDENTS

As mentioned in Section III, some students involved in
the curriculum did work beyond that required by the class.
Although they were all from a CS background, some of them
took part in the Practical Methods Based on Robotics course,
and all of them completed Innovation and Entrepreneurship
and Digital Logic. These students were particularly interested
in SDV, and they studied Al principles based on some other
projects they participated in. Therefore, after meeting the
course requirements, they decided to implement a vision
perception control system for FreDuino. Their hard work
received support from the National College Students’ Inno-
vation and Entrepreneurship Training Program.

1) SYSTEM UPDATES: The main idea of the vision per-
ception control system was that FreDuino would first capture
images from the surrounding environment. The results after
target detection and semantic segmentation are used to drive
the model car. The system architecture was designed as
shown in Fig. 5.

“ User Layer ‘ [ Graphical Interfaces | { Vehicle State Interfaces | | Instruction Interfaces | ‘

‘ ‘ Application

Layer ‘ | Image Identification \ Route Planning I Error Treating

Data ‘ Image Reconstruction ‘ DBD“”"‘.EQE
Processing

Layer

System
Archite
cture

ion T

[ Image Rectification ‘

IMURecord | jon | | Vehicle State Record

‘ Video (Image

)

| Hardware Transmission Media

)
Transmission b
Layer

Sensor data |

Hardware
Layer

Instruction Execution
Hardware

Vehicle Power
System

‘ ‘ Camera & Sensors ‘

Fig. 5: System architecture

As FreDuino is only a prototype originally constructed
for Blockly program control, it was updated by the students
to NovaDuino for vision perception applications. The differ-
ences between FreDuino and NovaDuino are shown in Table
1L

In particular, a binocular camera was added as the per-
ception device, combined with a 2-degree-of-freedom tripod
head, driver board, and damping device. An NVIDIA Jetson
Nano computer was used as the new brain of NovaDuino.
It was installed with Ubuntu 18.04, Anaconda, CMake,
OpenCV, and SDK for operating the binocular camera. The
Jetson Nano was directly linked with the camera, so it
could receive and process perceived data in real-time with
low latency. The movement of the car is controlled after
data processing and manipulated by an Arduino system. The
system dataflow is shown in Fig. 6.

2) DATASET: The model car was launched to navigate
the campus and take pictures and videos using the binocular
camera. Then, the pictures were processed manually by
labelme [46] to produce a semantic segmentation dataset
similar to Pascal VOC 2012.
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TABLE II: Main differences between FreDuino and No-
vaDuino

FreDuino NovaDuino

Nvidia Jetson Nano
Ubuntu 18.04

Development Board
Operating System

Raspberry Pi 3b
Ubuntu 16.04

Main Sensor Ultrasonic Binocular Camera
Other 3 Wheels 4 Wheels
,/’/ N\ ( \k‘
L Data Integration . ]
Client [ Image Identificati ] ( Vehicle State Data )
I [ Depth Data on | [ Sensor Data )
e - ¥ ¥ ~/
— T
( ( Image ) Data )
; x x
Soft [ i J | Raw Data Processit ]
System -ware: - 3 L L3 X
Dataflow J | C&CH J | C++ ) ( Python ]
L
| 'Transmi | embedded device i |
ssion | T — L B —— £ M————
media | | Sen‘a‘l Port J [ Data Transmission Equipment )
Sl : T T
’J\;‘;‘ [ electricmotor | | Camera Sensor ) ‘

Fig. 6: System dataflow

3) MODEL APPLICATION: For object detection and
semantic segmentation, YOLO v3 [47] and Mask R-CNN
[48] were optimized for the customized dataset discussed in
Section IV-A.2. Lane detection was attempted using OpenCV
and LaneNet + H-Net [49] for other datasets and the cus-
tomized dataset in Section IV-A.2, respectively. Furthermore,
for convenient application and further promotion, the trained
model for object detection and semantic segmentation was
packed as an iOS App and implemented by Core ML [50].

This work was a significant achievement from our SDV
curriculum. The students utilized the knowledge systems
learned from the courses and inspired themselves to solve
practical issues in SDV. They not only trained themselves
by mastering mainstream technologies but also experienced
the strong teamwork required during practical engineering
tasks.

B. EDUCATIONAL RESOURCES

In addition to the two textbooks mentioned in Section III
and FreDuino/NovaDuino, we provide another comprehen-
sive educational resource, which is a real experimental SDV
for EE (Fig. 7) inspired by our curriculum.

This vehicle was designed and manufactured via a col-
laboration between our school and Venus Intelligent [51]
derived from China First Auto Works Group Co., Ltd. Here
we compare our solution with two similar SDVs [28] [32]
(Table III). From the perspective of EE, the fundamental
configurations are not that different, but our solution is less
expensive.

If there is no real SDV used in related curricula, teachers
and students may not face the practical issues emerging on
the road, so it is necessary to configure, program and debug a
real SDV. Therefore, our educational resources include a full
solution, covering theoretical lectures and an experimental

Parameter Value
T |size (mm) 1500*1200*1300

= Net Weight (kg) 260

%a Max Capacity 2 Persons

: Max Speed (km/h) 30

i Mileage (km) 100
Battery Capacity (AH) 40
Self-driving Level L3
Operating Temperature -30°C~50°C

12y, Width 1.5m Lcng\2

Fig. 7: Photograph and parameters of the first-generation
experimental educational SDV

engineering environment. According to our investigation, the
cost of our experimental SDV should be acceptable to most
universities, companies, and even middle schools in China.
We hope that it could help attract more students to dedicate
themselves to Al, and especially SDV research, in order to
increase the contribution to this field.

V. EVALUATION

We have used our proposed SDV curriculum for two
academic years. There have been 103, 94, 656, 243, and
47 students participating in Practical Methods Based on
Robotics, Introduction to Artificial Intelligence, Innovation
and Entrepreneurship, Digital Logic, and Embedded De-
velopment for Linux courses, respectively. An evaluation
of the student satisfaction with the teaching system is an
important criterion to measure the quality of the provided
education. Therefore, we have established a curriculum sat-
isfaction model considering three aspects: Course Targets,
Course Content, and Teaching Methods. The model uses a
questionnaire with 7 questions (Table IV) for each course in
the form of a 3-point Likert scale [55] [56]. Each question
is given a rating on a 3-point scale: Excellent, Qualified, or
Unqualified. At the end of the semester, we distribute the
questionnaires to students enrolled in our curriculum. The
evaluation statistics are shown in Fig. 8.

Practical Methods Based on Robotics 80.62%

Introduction to Artificial Intelligence 80.79%

N " 71.76%
Innovation and Entrepreneurship

Digital Logic 78.19%

72.89%

Course Targets

Embedded Development for Linux

Practical Methods Based on Robotics 91.44%

Introduction to Artificial Intelligence 85.56%

Innovation and Entrepreneurship 78.44%

Digital Logic 81.82%

Course Content

Embedded Development for Linux 79.41%

N N 80.31%
Practical Methods Based on Robotics

N . N 72.08%
Introduction to Artificial Intelligence
Innovation and Entrepreneurship

Digital Logic
75.35%

Embedded Development for Linux

Teaching Methods

W Excellent W Qualified @ Unqualified

Fig. 8: Curriculum evaluation results from the students

The average excellent rates for the five SDV courses based
on the three aspects of Course Targets, Course Content,
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TABLE III: Comparison between our educational SDV and other similar SDVs

. . Battery
Sensors Size wsw#H)mm) Max Capacity Capacity Cost
DragonFly Pod by  DragonFly Computer Vision Module, 77 GHz o
Perceptln [28] [52]  Millimeter Wave Radar, RTK-GNSS, Sonar Unknown 2 Persons Unknown 40,000 USD [53]
LiDAR (Velodyne, VLP-16 x 2), Ultrasonic
Sensors (front and back x 8), Ultrasonic Sen- « s o 260,000 EUR*~/266,000 USD
ISEAUTO [32] sors (door side x 6), Short Distance Radar, e 6 Persons 16 kWh *This is the total project
Cameras x 8, RTK-GNSS, IMU cost according to [54]
LiDAR (LeiShen, 16 Line x 1), HD Cam-
era (Logitech, front x 1), Millimeter Wave -
Our solution Radar (Continental 404, front x 1), Ultrasonic ~ 1500*1200*1300 2 Persons 40 Ah 100,000 CNY~14,800

USD

Sensors (Venus Intelligent, 2 per orientation),
RTK-GNSS (Venus Intelligent)

TABLE IV: Details of the course satisfaction questionnaire

Weight Question
Course Targets 100% DO.CS the course encourage students to explore and participate, emphasize self-motivation and capacity building, and
satisfy personalized needs?
25% Is the content scientific and correct, with an accurate and normalized presentation of the basic concepts and theories?
25% Is the content substantial, with a strong logical and systematic knowledge structure, highlighted key points, and
thorough explanation of the challenges?
Course Content ;
25% Is the new and previous knowledge connected closely and handled correctly and smoothly to reflect the latest research
¢ achievements of related disciplines?
259% Does the content combine theories and practices according to the course characteristics, with correct and accurate
literature to introduce the latest progress in related disciplines?
Is the teacher good at inspiring, guiding, and encouraging students to think, without being scripted, while explaining
50% profound knowledge in simple language with strong logic in line with the students’ cognitive principles and
. I
Teaching Methods psychological characteristics?
50% Is the teacher good at interacting with students, grasping the atmosphere of the classroom effectively, keeping abreast

of students’ problems in course study and providing timely solutions?

and Teaching Methods were 76.85%, 83.33%, and 73.27%,
respectively. The overall excellent rate of the SDV cur-
riculum was 77.82%. It is clear that the vast majority of
students rated the curriculum positively. Of course, we have
been continuously developing and improving the curriculum,
trying to satisfy all students involved to ensure that they are
fulfilled by the obtained knowledge.

VI. CONCLUSION

To cultivate qualified Al talent, we need EE to provide
both theoretical lectures and practical engineering exercises.
As a multidisciplinary field, SDV is fundamentally based
on Al and includes various engineering topics. Therefore,
in this paper, we presented our curriculum developed for
SDV. This curriculum covers basic programming skills, Al
fundamentals, and advanced SDV practices, and can satisfy
various requests from students with different majors. We also
introduced the further academic and engineering achieve-
ments generated by students from this curriculum, including
object detection and semantic segmentation work based
on a model SDV. In addition, the teachers published two
textbooks, and a real experimental SDV was designed and
manufactured in collaboration with partner institutes. The
students can gain both theoretical and practical knowledge
from this curriculum on the topics of AI and SDV and
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can apply their innovative ideas to a FreDuino/NovaDuino
model car or even the experimental SDV. Therefore, the
curriculum is considered a total academic and engineering
solution for studying SDV. The curriculum has been taught
for two academic years and it has been highly welcomed
by the students with positive and satisfactory feedback. This
shows that the curriculum is quite effective for Al education
in the specific case of SDV.

Therefore, it is an ongoing task to refine the curricu-
lum content. More importantly, we are developing adequate
engineering cases for the experimental SDV and trying to
promote it to more institutes. Then, more students can
experience EE with diversity and conveniently enjoy the
fun, experience and benefit of SDV. Our solution makes
it possible for more people to realize their interest in Al,
especially SDV. In addition, the broad ideas generated in
these EE settings will help to further promote this field
and enable the widespread realization of SDV as early as
possible.
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