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Autonomous car racing competitions
have become widespread across many
countries and events, taking inspiration
from renowned motorsports like For-
mula 1 and IndyCar, among others.
Similar to how traditional motorsports
have fueled advancements in automo-
tive technology, researchers and stu-
dents are now anticipating similar
contributions from autonomous car rac-
ing competitions. Betz et al. have pro-
vided a comprehensive review of the
current landscape of autonomous car
racing in [1]. These competitions feature
a diverse range of robot cars, varying in
scale from 1:10 to full-scale (refer to
Table 1 for specifics). The size differ-
ences also extend to the sensory and
computing systems employed. While
many of these events are tailored for edu-
cational purposes, targeting students
from high school to postgraduate pro-
grams, it is noted that smaller-scale hard-
ware systems may not necessarily utilize
the same sensory and computing systems
as their real-scale counterparts. This,
however, does not imply that the techni-
cal challenges in algorithm and program
development are any less demanding
than those encountered in full-scale or
near full-scale cases. The variations in
sensory, computing, and hardware
resources due to the size differences may
give rise to distinct technical problems
not encountered by autonomous cars
navigating real-world road environments.
Nevertheless, fundamental issues, such
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as planning, motion control, and real-
time recognition with onboard systems
are common for both scales.

The Autonomous Robot Racing
Competition (ARRC) is a scaled-down
(1:2.6) multiple autonomous vehicles
racing competition that originated in
Korea, commencing with its inaugural
event in 2021, followed by two events
in 2022 and three in 2023, totaling six
events so far. It has evolved into the
world’s unique and truly multivehicle
(involving more than two cars) autono-
mous racing competition.

Despite significant efforts by research
institutions and companies worldwide in
the development of autonomous driving
technology since the early 2000s, com-
mercial services have not yet been widely
implemented. This is attributed to many
corner cases that autonomous systems
face in various environments in vari-
ous climates. Consumer or user-centric
development is also not well prepared.
Additionally, the lack of sufficient infra-
structure for autonomous vehicles on the
roads and testing in mixed environments
with both autonomous and conventional
vehicles contribute to the challenges.
The absence or diversity of standardized
regulations for autonomous vehicles
also leads to various development goals
among different companies, hindering
practical testing and validation. One
system may work fine in one specific
area of a given city but may not be easily
adapted to a new area with different traf-
fic regulations and climate.

To address some of these issues,
ARRC was planned in Korea under the
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leadership of Prof. HeeChang Moon. It
commenced with seven teams in 2021
and expanded to a total of 11 autono-
mous robot racing vehicles by 2023.
These vehicles simultaneously start and
cover approximately 10 km within a
maximum time limit of one hour, con-
ducting research on lane-keeping, lane-
changing, overtaking, abrupt stops, and
various scenarios that may occur among
multiple robot racing vehicles. The prior-
ities of ARRC are to ensure that no seri-
ous accidents occur during the race and
that all vehicles successfully complete
the course. In 2024, preparations are
underway for four competitions, includ-
ing a total of 13 teams with 15 robot rac-
ing vehicles. All students and researchers
participating in the competition are dedi-
cated to advancing autonomous driving
technology for safety and practicality.

Over the course of six events, three
distinct racing courses were employed
(Figure 1). In all events, time-attack
qualifying is conducted for grid-slot dis-
tribution. The best lap time in C-track is
2 min and 40 s of Team Halla Univer-
sity. The best lap time in the Sunmoon
University circuit is 1 min 49 s of Team
RISE (Robotics and Intelligent System
Engineering. Initially, the first four main
events featured a standing start. How-
ever, due to multiple collision accidents
occurring during the starting period, a
standing start with a handicap of 3 s was
implemented in 2023.

TEAMS’ EFFORTS
Nine teams have actively contributed to
discussions regarding their efforts in
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EV GRAND FORMULA INDY AUTONOMOUS
PRIX STUDENT AUTONOMOUS ROBOT RACING
FATEHNTH AUTONOMOUS  DRIVERLESS CHALLENGE ROBORACE COMPETITIONS
Vehicle image T
Vehicle type ~ Small scale Reduced scale Reduced scale Real racecar Real racecar Reduced scale
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Mass: 3.5 kg Mass: 110 kg based on the Mass: 750 kg Mass: 1,200 kg  Mass: 250 kg
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camera based onteam based on team camera camera camera
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camera e Monocular * Monocular e 3x 3D lidar radar than 300,000
e 2D lidar camera camera * (RTK) GPS * 2x short-range points/second)
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Computation
unit

Software

Competitions

Single/
multivehicle
race

Real race
competition
type

Virtual race

Simulation
environments

Nvidia Jetson
Nano

Nvidia Jetson
NX

Nvidia Jetson
AGX

ROS
ROS2
Autoware.Auto

Several
competitions
a year,
competitions
in different
countries

Multivehicle
(two cars)

Time trial
Head to head
racing

Yes

FAITENTH gym
F1ITENTH
simulator
SVL simulator

Teams choice

Team’s choice

One race,
United States
only

Single vehicle

Time trial

No

Teams choice

Team’s choice

Several
competitions
a year,
competitions
in different
countries

Single vehicle

Acceleration
Skidpad
Autocross
Trackdrive
Efficiency
Business, cost,
design

No

Formula student
driverless
simulator

ROS, robot operating system; RTK: real-time kinematics; SVL: system vehicle loop.
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Intel Xenon E 2278

GE - 3.30 GHz, 1x

Nvidia Quadro RTX

8,000,
64 GB Ram

ROS2
Autoware.Auto

Two races, United
States only

Single vehicle
Multivehicle
(two cars)

Time trial
Overtacking
competition

Yes

Ansys simulator
SVL simulator

Nvidia Drive PX2
Speedgoat
Mobile

McLaren ECU
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One championship
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States and United
Kingdom

Single vehicle
Multivehicle
(two cars)

Time trial
(with virtual
objects)

No

Roborace
simulator

Teams choice
(2x embedded
PC)

Team’s choice

Several
competitions a
year, competitions
in different cities,
Korea only

Single vehicle
Multivehicle
(>eight cars)

Solo-run time
attack for
qualifying.
Head-to-head
racing for the final

No



implementing and realizing autonomous
multiple-car racing competitions. All
teams utilize the same robotic platform
(ERP-42, detailed in Table 1 and visual-
ly represented in Figure 2), albeit with
slight variations in sensor setups and
computing systems. The software sys-
tems employed range from LabVIEW to
robot operating systems (ROS), reflecting
the diverse skill sets of participating stu-
dents and their educational objectives.
While MORAI provided a commercial-
ized simulation software at one point, it
is not an official simulator. Sensory sys-
tems that are used in each team are sim-
ilar in their specifications to what are
used in commercial autonomous cars, or
their technologies can be easily adapt-
able to commercial applications. The
computing systems, being developed
independently by each team, undergo a
range of setups and testing within the
ARRC framework. See Table 2 for an
overview of ARRC teams’ systems.

HONGIK UNIVERSITY

The Hongik University autonomous driv-
ing team (Team HU) utilizes LabVIEW,
a graphical language, as its advantage.
LabVIEW, known for its relatively short-
er learning curve compared to text-based
languages like Python and C++, reduces
complexity by allowing simultaneous
execution of multiple algorithms in sepa-
rate files and real-time parameter com-
munication using notifiers. Typically,
most teams use text-based languages like
Python or C++ for autonomous driving
development. However, Team HU opts
for LabVIEW, which, despite its per-
ceived disadvantage of being time-con-
suming due to its graphical nature, is
relatively quicker to grasp. Additionally,
LabVIEW provides the advantage of
executing multiple files simultaneously.
LabVIEW also facilitates real-time com-
munication of parameters among differ-
ent files through notifiers, further
reducing code complexity.

The second advantage is the nonuti-
lization of open source tools. In contrast
to many teams, especially those using
ROS, which heavily relies on open
source software, we choose LabVIEW,
which has relatively fewer open source
resources. This allows us to develop

-
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FIGURE 1. Racing tracks used in ARRC for 2021-2023. (a) The Future Mobility Tech
Center in Siheung City was used in 2021. (b) Sunmoon University Circuit was used
in 2022 and the second and third events in 2023. (c) C-track within Ochang Campus,
Chungbuk National University was used for the first event in 2023.

FIGURE 2. The 3D model of ERP42 and CARLA view of the spawned vehicle.
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¢ Velodyne e Velodyne ¢ Velodyne ¢ Velodyne ¢ Velodyne ¢ Velodyne ¢ Velodyne ¢ Velodyne

¢ Velodyne

Sensors

VLP-16 lidar
¢ Ublox-FOP GPS

VLP-16 lidar
¢ Ublox-FOP

VLP-16 lidar VLP-16 lidar VLP-16 lidar VLP-16 lidar VLP-16 lidar
e Ublox-FOP GPS ¢ Ublox-FOP GPS e Livox Horizon e Livox Horizon ¢ Ublox-F9P ¢ Ublox-FOP ¢ Livox Horizon

VLP-16 lidar

VLP-16 lidar

lidar GPS GPS lidar GPS
¢ SEKONIX

¢ Ublox-FOP

lidar
e Ublox-F9P

SF322x-10X
NVIDIA

camera
* Ublox-F9P

GPS

GPS

GPS

* MORAI MORAI MORAI MORAI
e CARLA

* MORAI

e Gazebo

Simulator

MPC: model predictive control; MPCC: model predictive contouring control; PID: proportional-integral-derivative.

our own algorithms independently,
leading students to a more in-depth
study of algorithms. For instance, in
control algorithms, we created a novel
algorithm by adding the 6 value of the
Stanley algorithm to the proportional-
integral-derivative (PID) algorithm
learned in undergraduate studies. For
lidar, we employed a variable region-of-
interest (ROI) algorithm based on way-
points and speed.

The third advantage lies in our
diverse participation and achievements
in various competitions. Last year, our
team participated in seven competitions,
including the first, second, and third
Autonomous Driving Race, the sec-
ond International Autonomous Driving
Competition for University Students,
the 2023 University Student Creative
Mobility Competition, the first Autono-
mous Driving Software Enhancement
Competition, and the aMAP Innovator
Championship 1/5. We secured prizes in
five of these competitions. This diverse
engagement in different platforms and
mission-specific algorithm development
has allowed us to refine our algorithms
through competition application, iden-
tify weaknesses, and make necessary
improvements. It has been a valuable
experience, contributing to our success
in these competitions.

SUNMOON UNIVERSITY

(TEAM AUTORED)

Team AutoRED is composed of under-
graduate students majoring in smart
information and communication engi-
neering at Sunmoon University, led by
Prof. Won-sang Yu of the Artificial
Intelligence Image Processing Lab,
aiming to grow as autonomous driving
technology experts.

Since its first competition in 2021,
Team AutoRED has continuously
participated, developing autonomous
driving algorithms optimized for both
safety and racing. Recently, the team has
proven the performance of algorithms
for 360° obstacle recognition, obstacle
avoidance, and collision detection in
competitions. The proposed algorithm
is a lightweight solution based on the
pure-pursuit path-tracking algorithm,
detecting obstacles in a 360° forward



direction from lidar and efficiently
avoiding them. The team is currently
designing and developing a driving
algorithm that ensures both safety and
speed in complex and risky situations
during racing. The consistent research
efforts have resulted in multiple awards
at competitions.

Team AutoRED consists of stu-
dents with backgrounds in computer
science, information and communi-
cation engineering, mechanical engi-
neering, and others. They leverage
their strengths in various areas, such
as algorithm implementation, vehicle
hardware inspection, and vehicle oper-
ation, demonstrating a spirit of collab-
oration. They conduct practical tests
by driving the vehicle every week,
addressing and analyzing any issues
scientifically to find solutions.

HALLA UNIVERSITY
(TEAM FLETA-AD)

TEAM INTRODUCTION

The FLETA-AD team is an autono-
mous robot racing team composed of
undergraduate students from the
School of Mechanical, Automotive, and
Robot Engineering at Halla University.
All members are organically linked to
roles, such as planning, control, coding,
and hardware setting, etc. Given the
nature of competitions conducted on the
same platform, most participants focus
on coding and sensor control. In contrast,
this team aims for autonomous driving
supported by hardware. Traditionally, the
students in the School of Mechanical,
Automotive, and Robot Engineering at
Halla University are highly motivated to
participate in college student’s self-made
car competitions and domestic car rac-
ing. They use a variety of equipment
related to automobiles and machinery.
They pursue perfect hardware settings
through accumulated technology based
on experience using equipment, and
education through hands-on courses is
of great help.

Robot racing is also based on a car.
This team sets the principle of strict
maintenance within the allowable range
and periodically performs tasks, such as
wheel alignment, coupling setup, chas-

sis part maintenance, and sensor main-
tenance to obtain information about the
vehicle. All team members participate
in this work and the coding work is pro-
cessed with sufficient understanding of
the vehicle conditions.

This team consists of the team leader
(senior year undergraduate student),
part leaders (junior year undergraduate
students), and part time members. The
team leader understands all situations
and status of the team, and he/she main-
tains the team to respond immediately
in any situation. The part leader trains
his/her members in respective fields
and conduct field tests. The first- and
second-year students are assigned to
each part according to their individual
abilities and begin with the basic hard-
ware system, complete learning related
to their roles, and then proceed with the
process of understanding the work of
other parts.

RACING STRATEGY

The driving path of vehicles participat-
ing in the autonomous robot racing
competition is provided in batches.
Based on this, each team creates a
unique path creation algorithm to par-
ticipate in the race. Even if the provid-
ed coordinate data are normal, it is
necessary to understand the concept of
the vehicle’s path when driving through
continuous corners with many vari-

ables. When creating a driving route,
the task of finding the optimal driving
route to minimize lap time is per-
formed. The data logging system can
record location and acceleration values
using GPS latitude and longitude data
and can use these to obtain additional
information about the driving line.

The driving route recorded by data
logging can be displayed on a map as
shown in Figure 3. Using this, it is pos-
sible to compare and analyze coded
results and create a route that can mini-
mize lap time. Once the track is identi-
fied through coordinates, information
such as maximum turning speed can
be inferred by predicting the radius
of the driving path in the linked CAD
program, as shown in Figure 4, and lap
time can also be predicted accordingly.

Turning speed can be determined by
using recorded data to analyze accelera-
tion and speed data in corner sections
where many unpredictable events can
occur. In addition, the driving speed
in the following straight section can be
calculated, and the lap time can be pre-
dicted accordingly. This makes it pos-
sible to create an optimal racing route.

UNIVERSITY OF SEOUL
(TEAM UOS ROBOTICS)
Team University of Seoul (UOS)
ROBOTICS comprises undergraduate
students from the Robotics Lab in the

FIGURE 3. Driving route generation through logging and mapping.
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Department of Mechanical and Infor-
mation Engineering at UOS. Consisting
of students from the second to fourth
year, the team members have continu-
ously participated in competitions since
2021, striving to develop safe and accu-
rate autonomous driving algorithms.
The team focuses on the algorithms for
path planning and tracking, obstacle
recognition, and avoidance. With a
strong teamwork foundation, the UOS
ROBOTICS team has completed every
race and won the championship at the
first competition in 2023.

KEY FEATURES OF THE TEAM

The Department of Mechanical and
Information Engineering at UOS offers
the mandatory course “Smart Mobility
Design,” providing theoretical study
and hands-on practice with autonomous
robot platforms for all students. This
course has led to a high interest of stu-
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dents and active participation in our
team. Led by the team leader, the mem-
bers conduct weekly meetings for
research and strategy in autonomous
driving racing competitions. During
these meetings, various algorithms and
strategies are reviewed, and newly pro-
posed algorithms undergo thorough
reviews by theoretical analysis and
source code reviews. The simulation
validations are executed before apply-
ing them to offline driving experi-
ments, as shown in Figure 5. Results
from the meetings are further validated
through field tests, emphasizing the
improvement of the robot’s driving sta-
bility. The Robotics Lab provides self-
developed educational materials and
practical training using a small robot
platform to facilitate the quick adap-
tation of new team members. This
systematic training enhances the capa-
bilities of new team members, ensuring

COrOTARSAHNNER 42 +00AK =2

FIGURE 5. Simulation and real driving for obstacle detection and path tracking (red dot:
target point at look-ahead distance in pure-pursuit algorithm).
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the team’s sustainability and consis-
tent achievements.

AUTONOMOUS DRIVING
ALGORITHMS

Our team implements autonomous
driving algorithms using two lidars and
two real-time kinematics (RTK)-GPS.
The software development environment
and language are Ubuntu 18.04, ROS
melodic, C++ for recognition, and
Python for control. Our team proposed
a trajectory-based 3D point-cloud ROI
determination method in [2]. Using the
proposed method, point-cloud data col-
lected through lidar are optimized for
the shape of the driving path to detect
obstacles with minimal data for fast
processing. Our path-tracking algo-
rithm is based on the pure-pursuit algo-
rithm, setting a variable look-ahead
distance and tracking it for optimal
performance based on the shape of the
driving path. Two GPS devices are
used to determine the vehicle’s current
position and heading angle. The path-
tracking and control algorithms, based
on pure-pursuit and PID, are employed
to enhance path-following perfor-
mance. When encountering another
vehicle while driving, algorithms are
implemented to follow or overtake the
vehicle according to the situation.

YONSEI UNIVERSITY

(TEAM MECH IN Al)

Team Yonsei University uses the ROS
integration method for implementing a
lane-keeping algorithm for autonomous
robot racing vehicles. The lane-keeping
algorithm divides the path planning
into two steps: generating a global path,
following the designated lane, using the
lane tracking planner, and creating an
effective local path to adapt to environ-
ments with obstacles ahead using the
model predictive control (MPC) local
planner. The lane tracking planner gen-
erates the path from the current posi-
tion to the target point, considering the
vehicle’s current position, the goal
point, and the postprocessed path. It
assesses the path’s validity, considering
the vehicle’s outline. Additionally, it
interpolates discontinuous paths gener-
ated during processes, such as initial



path entry or lane changes using the
cubic spline curve. The lane tracking
planner, compared to grid-based search
algorithms like A* or Dijkstra, com-
monly used in global path planning,
restricts the driving path to a pre-
defined route, enabling more stable
driving in racing environments. The
MPC local planner uses receding-
horizon quadratic-form MPC to track
the global path generated by the lane
tracking planner. MPC, as opposed to
methods commonly used in local path
planning, such as pure pursuit or the
dynamic window approach, can calcu-
late flexible and robust paths for
dynamic obstacles in racing environ-
ments (Figure 6). The algorithm in this
study is modularized and implemented
in the ROS navigation stack, and its
driving performance is validated by
reproducing the actual race vehicle,
sensors, and racing environment using
the Gazebo simulator. While the pro-
posed algorithm was well implemented
on the vehicle, due to hardware issues
the record of Yonsei team was not com-
petitive in the last racing game in 2023
using this new approach.

GACHON UNIVERSITY
(TEAM GADIS)
The team GADIS of Gachon University
is composed of students from the
departments of Mechanical Engineer-
ing, Future Mobility, and Electron-
ic Engineering. In 2023, the team
achieved outstanding success by win-
ning the Best Award and Grand Prize
in two competitions, ultimately secur-
ing the season’s overall championship.
The entire autonomous system is
built on the ROS, integrating vari-
ous algorithms for perception, deci-
sion making with driving strategy, and
tracking control, similar to conventional
autonomous driving systems architec-
ture. As it is a racing competition, the
team calculated the maximum achiev-
able speed for each type of track, ensur-
ing the vehicle can navigate all courses
stably. After ensuring stable tracking
performance at various speeds, the
focus shifted to algorithms, considering
diverse interactions in multivehicle sce-
narios. The team designed algorithms to

assess risk in multivehicle situations and
select a safe optimal path [3]. To vali-
date these algorithms, the team created
multivehicle scenarios using simulators
and conducted iterative simulation tests.
The simulations were performed using
MORAT’s autonomous driving mobility
simulator, replicating real-world vehicle
conditions on a digital twin precision
map. The multivehicle simulation envi-
ronment is shown in Figure 7.

Witnessing multiple autonomous
vehicles with distinct algorithms rac-
ing simultaneously provided a unique
experience. Various evaluations were
conducted in different situations, but
predicting the movements of surround-
ing vehicles with different algorithms
proved challenging and posed a signifi-
cant difficulty.

SUNGKYUNKWAN UNIVERSITY
(TEAM RISE)

Team RISE consists of undergraduate
and graduate students from the Robot-
ics and Intelligent System Engineering
(RISE) lab of Sungkyunkwan Universi-
ty. Team RISE started racing when
ARRC first made and won at 2023 sec-
ond ARRC, making a new record of lap
time. The development environment is
built on Ubuntu 20.04, ROS noetic,
C++, and Python, and algorithms are
tested on the CARLA simulator, the
open source unreal-engine—based sim-

b 7o

ulator. The details of the algorithms
are described below. The racing video
of Team RISE is uploaded at https://
youtu.be/4Sx8gnPWXSY 7si=BJROtGa
BWi1d53j26.

PERCEPTION

Team RISE used a 16-channel Velo-
dyne puck lidar to detect and track
obstacles. The data were preprocessed
to remove ground (road, curb, side-
walk) parts to extract obstacles stand-
ing on the ground. Nonground data are
then clustered by binding points with a
certain distance to think they are from
the same obstacle. By using the infor-
mation of clusters, the team tracked
each obstacle using a Kalman filter,
which can estimate the obstacle’s state.
Finally, the team can get the obstacle’s
position and velocity that will be used
in path planning. Figure 8 shows the
image of detection and tracking results
during racing.

PATH PLANNER

Team RISE made a path planner based
on the Frenet-Frame [9], making it pos-
sible to keep lanes and avoid obstacles.
Frenet-Frame makes the reference line
as s— axis and the normal direction of
the reference line as d— axis, as you can
see in Figure 9. The lane we must keep
is considered as a reference line and
make the candidate paths containing

(a)

(b) (c)

FIGURE 6. (a) Lane-keeping driving on a straight course. (b) Lane-keeping driving on a
curved course. (c) Obstacle avoidance with the lane change behavior.
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FIGURE 7. Algorithm verification using MORAI Sim. (a) Lidar-based static obstacle detection. (b) Driving algorithm performance
evaluation with multivehicle interaction situation.

different speed and lane. The obstacle’s
state from perception is used to esti-
mate the obstacle’s trajectory and
penalize candidate paths that have the
danger of collision. There are three
costs to evaluate candidate paths: offset
cost, safety cost, and speed cost. The
offset cost penalizes the path that has
offset from the reference line. This cost
makes planners keep the lane. The
safety cost penalizes paths that are near
obstacles. The obstacle’s estimated tra-
jectory makes a cost map that distrib-
utes cost in the grid. If the candidate’s

path is close to the obstacle’s trajectory,
it is considered a dangerous path and
allocates high cost. This cost helps the
planner to avoid obstacles. The speed
cost helps to select the fastest path
since this is a racing competition. The
best path is selected by finding the path
that has the lowest cost. The result is
shown in Figure 10.

CONTROLLER

Team RISE has implemented various
control algorithms: pure pursuit, Kanaya-
ma, and MPC. The algorithm implement-

Car: 18,650804Knih

FIGURE 8. The detection and tracking result of the Team RISE algorithm. The white points
show raw data, purple show clustered data. The cyan box represents the obstacle and
the green arrow visualizes the speed of the obstacle. The orange car is the ego vehicle
and the green line is two lanes we should keep.
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ed at racing was Kanayama controller,
the stability of which is proved and can
easily be computed. For the next compe-
tition, the team is trying to apply model
predictive contouring control (MPCC)
[7]. As the team is using a kinematic
bicycle model, normal MPC has linear-
ization error to follow the path since the
model and path are nonlinear. By using
MPCC, error terms can be linearized
using path parameter 6 and find an opti-
mal solution that minimizes error from
the reference path.

SIMULATOR

Team RISE made a custom simulator
using CARLA (Figure 2). The team
made a 3D model of the ERP42 plat-
form and set motor specifications simi-
lar to the real world. Also, the map of
the racing track is built to test algo-
rithms. The simulator is available to
spawn nonplayer character vehicles that
can move automatically or control
manually. This nonplayer character
made a team to test scenarios that can
happen in real racing situations and
have repetitive experiments rapidly.

CHUNGBUK UNIVERSITY

(TEAM CLOTHOID-R)

The Clothoid-R team at Chungbuk Uni-
versity is a newly formed team consist-
ing of undergraduate students from the
College of Electronics and Information,
and they have the achievement of win-
ning an Excellent Prize in the 2023
first Robot Racing Competition. The
team’s primary development algorithm
focuses on high-speed, high-precision



object recognition using a fusion of
lidar and camera sensors. Most auton-
omous driving algorithms undergo
initial validation in a simulation envi-
ronment, followed by development and
testing processes through real vehicle
tests on the autonomous driving test-
bed, C-track (http://cbnuscrc.org),
owned by Chungbuk University.

The C-track provides an optimal
environment for testing algorithms,
allowing undergraduate students to
utilize autonomous driving platforms
in practical courses to test algorithms,
setup, and evaluate various scenarios,
enabling our team to prepare safely and
efficiently for autonomous driving rac-
ing competitions.

The Clothoid-R team is composed
of a team leader, section leaders for
each part, and team members. The
fourth-year undergraduate team leader
establishes overall development goals
for the team and oversees task distribu-
tion according to detailed plans. The
experienced third-year undergraduate
section leaders supervise and educate
team members, progressing through
the validation and feedback process for
development algorithms through real-
vehicle tests based on assigned tasks.
Team members, composed of first- and
second-year undergraduates, acquire
essential knowledge about vehicles,
learn about the overall team process,
and build their skills while actively par-
ticipating in development.

The technical sections are divided
into control, lidar perception, cam-
era perception, and position-recognition
technologies, integrating efficiently
to complete autonomous driving. Par-
ticularly, the team emphasizes object
recognition technology to achieve safe
autonomous driving. A sensor fusion
method was developed through pre-
cise sensor calibration, aligning the
coordinate systems of lidar and cam-
era, despite their existence in differ-
ent coordinate spaces. As a result,
the camera can detect the presence of
collision-risk vehicles in the front and
their 2D spatial positions, while lidar’s
point-cloud information accurately
calculates the relative distance to the
risk vehicles.

SEOUL NATIONAL UNIVERSITY
(TEAM RAPID TRACTOR)

The Seoul National University autono-
mous driving team, led by Prof. Hak-Jin
Kim, was composed of students from
the Department of Biosystems Engi-
neering at the College of Agriculture
and Life Sciences. This team achieved
the grand prize in the first competition
held at Seoul National University’s
Siheung Campus in 2021. Based on an
experience in autonomous agricultural

machinery research, Team Rapid Trac-
tor focused on achieving precise and
safe driving rather than emphasizing
speed. The high-level controller consist-
ed of a global navigation satellite system
(GNSS)-based autonomous navigation
system and a lidar-based collision avoid-
ance system. The GNSS-based system
was developed in C/C++ and utilized
RTK-GNSS to accurately follow the
predefined waypoints in racing roads. In
principle, on a curved road, the system

/ d
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FIGURE 9. The comparison of Frenet-Frame and Cartesian frame.

FIGURE 10. The result of the planner. The red and blue area is the cost map made by
yellow points, which are the estimated trajectory of the obstacle. The red points show the
candidate paths and the cyan line is the selected path that has the lowest cost.
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FIGURE 11. Locus of team rapid tractor that followed the racking track with several

obstacles and two lanes.

adjusts the speed based on the curvature
of the road to enable safe turning. Addi-
tionally, a path-tracking algorithm that
combines the pure-pursuit algorithm
with a look-ahead distance was applied
to adaptively change path-tracking
parameters based on various experimen-
tal results. The lidar-based system was
developed in Python. It measured the
distance to obstacles in the forward
direction and decelerated accordingly,
thereby enabling the vehicle to stop and
change lanes in a satisfactory manner.
The system could identify obstacles by
clustering the point-cloud data based on
density obtained with the lidar sensor,
and it could enhance the accuracy by
adjusting the ROI variably according to
the curvature of the racing road. The
lane-change method was implemented
by determining obstacle-free lanes and
following waypoints on those lanes after
the obstacle detection. Both C/C++ and
Python were utilized in the development
process, and ROS was used to accom-
modate various languages. Figure 11
shows the locus the rapid tractor team
vehicle traveled at different speeds fol-

IEEE ROBOTICS & AUTOMATION MAGAZINE

lowing the racing track with several
obstacles and two lanes.
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