


AR YH

ESR H|O|CI2t Mobileye FHHIZIS] MIA HIOE| FE A|AE =0

=-TL—= ?-
]
Ztst A
ook | SpAdS|** TEEIRKK | | T|SRRRE | T O R RRKK
e - g™ - 4S5 Z| X2 H2H

A Study on the Acquisition System Reconstruction of the ESR
RADAR & Mobileye CAMERA’s Sensor Data

Yu-Rim Kwak*, Seon-Hee Hwang**, Jong-Hyuk Kim*** 6 Ji-Hun Choi****  Woo-Jung Jeon****

Key Words : CANcommunication(CAN-E41), ADAS(HT-2-AAL H 2 A AH]), Mobileye CAMERA (LR ofo] 71| 2],
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ABSTRACT

Various automakers release vehicles equipped with Advanced Driver Assistance System (ADAS) which use
high-tech sensors and control systems to prevent or reduce accidents and help drivers to stay safe. There are radar,
camera, lidar, ultrasonic and more sensors as ADAS sensors. they recognize the forward objects of the vehicles and
operate FCW, AEB, and ACC functions which are the main functions of ADAS. In the future, it is necessary to
understand the characteristics of ADAS sensors in case of traffic accidents of ADAS vehicles. In this study, Delphi
ESR 2.5 RADAR ((hereinafter ESR) and Mobileye 6 ELD CAMERA (hereinafter Mobileye) were used to create
an environment where sensor data are obtained and analyzed. ESR can output data about such as the relative
distance and the azimuth angle to the target, while Mobileye can output data about spatial coordinates (X, Y) to the
target via CAN(Controller Area Networks) communication. Using KVASER, a decoding algorithm was built in
the MATLAB/Simulink environment to obtain location information of the targets in real time. The actual vehicle
experiment was conducted on a general-purpose road in KIAPI (Intelligent Automotive Parts Promotion Agency)
located in Daegu, mounting ESR and Mobileye on the experimental vehicle “Ioniq 57, the spatial coordinate data
were measured using Global Vehicle Target (GVT) as a static target. As a result, we found that spatial coordinate
data from ESR and Mobileye appear very similar to each other, furthermore, we will analyze the maximum

measurement distance and the error rate of each sensor in the future.
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Study on Classification of Traffic Accidents Types and Analysis
about LKAS&AEB Equipped Vehicles

Ohmin Kwon*, Yesol Im**, Byungdeok In***,  Jeongman Park***, Jongjin Park****
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Traffic accident( W-E-AF1l)

ABSTRACT

ADAS(Advanced Driver Assistance Systems)is a system that provides convenience to drivers and helps prevent
accidents in unexpected risk situations. This study aim to classify the traffic accidents focusing on LKAS(Lane
Keeping Assist System) & AEB(Autonomous Emergency Braking).

This study investigates 63 ADAS-related traffic accidents in internet media, and analyzes traffic accidents types
based on IGLAD(Initiative for the Global Harmonization of Accident Data)’s DB system.

Traffic accident types are classified into 33 variables, such as accidents type, road type, main contributing factor,
etc. In common, both LKAS and AEB have many accidents while going straight on a single road, but LKAS
accounts for 85% of Standalone traffic accidents and AEB accounts for 95% of Car-to-Car traffic accidents. In this

way, this study classifies traffic accidents of LKAS and AEB using 33 variables and extracts the representative
types.

This work is supported by the Korea Agency for Infrastructure Technology Advancement(KAIA) grant funded by
the ministry of Land, Infrastructure and Transport (Grant 22 AMDP-C162895-02).
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Heterogeneous Recognition Unit Design for Detecting Sensor
Abnormalities in Autonomous Vehicles

Insu Kim*, Jaehong Park**

Key Words : Autonomous driving(A-8-53Y), Obstacle detection(Zoll&214))

ABSTRACT

For the commercialization of autonomous vehicles, methods to prepare for failure of the autonomous driving
system are required for safety. Many electronic devices that make up the autonomous driving system are capable of
detecting and compensating for failures by self-diagnosis and redundancy. Means can be applied, but it is difficult
to apply the same method to sensors having a small size and a limited optimal location to be installed. An
abnormality in the sensor provides incorrect driving environment information to the autonomous driving system,
which is an error that has a very high probability of causing an accident. In this paper, we describe a method to
detect and deal with sensor anomalies using a dual recognition module to reduce errors caused by sensor

abnormalities.
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Nonlinear Programming based Reference Path Optimization
Algorithm for Urban Autonomous Driving

Changhee Kim*, Kyongsu Yi**

Key Words : Autonomous driving(A-& F=3Y)), Path planning(Z3 % #|2]), Optimization(Z}23}), Nonlinear progra-
mming(H] 413 A €H)

ABSTRACT

This paper describes a nonlinear programming (NLP) based reference path optimization algorithm for autonomous
vehicles in urban environments. The primary objective of an autonomous driving vehicle is to track the desired
path and avoid collision with the surrounding traffic agents. The reference path for path tracking task is given as a
set of points from map information or local perception sensors, expressed in either global or local coordinate
system. Due to the uncertainties and noise of the waypoint measurement data, the path information may have
degraded path quality resulting in discontinuous position, heading and curvature profiles. Approaches to enhance
waypoint quality include path smoothing based on low pass filter or polynomial function regression. Although
these methods can effectively reject noisy profiles, the feasibility of the processed path is not guaranteed. In order
to overcome this limitation, a path optimization algorithm based on nonlinear programming is proposed. The
curvature and change in curvature of the given set of waypoints are minimized while the constraints considering
feasible curvature, curvature derivative and waypoint deviation are imposed. The continuity of the processed path
profile and low computation time demonstrates that the proposed algorithm can be applied to actual autonomous

vehicle system in real time.
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Development of Data Analysis Tool for AEB Simulation of
Pedestrian Target

Haeun Kim*, Jonghyuk Kim**, Jihun Choi***, Woojeong Jeon**** Hasun Park*****

Key Words : ADAS(H S A2 YA AE), AEB(71EA154%]), Pedestrian(} 8J2}), Traffic accident( -SA}1l),
Data analysis tool(t]0]E] B4 &), Euro NCAP AEB VRU Test, PreScan(ADAS A &d]0]A] 3L & 130)

ABSTRACT

The number of pedestrian traffic accidents in 2021 was 35,665, and the number of deaths and injuries were 1,018
and 36,001, respectively. Casualties caused by traffic accidents are constantly occurring, and to prevent such
accidents, each automobile manufacturer is actively researching ADAS (Advanced Driver Assistance Systems).
AEB (Autonomous Emergency System), a representative function of ADAS related to pedestrian accidents, is a
system that recognizes and judges the situation on its own and makes emergency braking even if the driver does
not step on the braking device in case of a collision. In this study, we developed a simulation data analysis tool for
the AEB function of pedestrian targets for using it on the accident analysis. To understand the AEB operation
characteristics of the actual vehicle, the equipment certified by Euro-NCAP was installed on the IONIQ 5 selected
as a VUT (Vehicle under test), and the experiment was conducted. Through experiments, the results of TTC (Time
to Collision), stopping distance, collision status, collision speed for FCW, AEB partial braking, full braking
according to speed were obtained. The AEB operation algorithm for pedestrian targets was developed by using the
scenarios of MATLAB/Simulink environment provided by PreScan in Siemens. The data obtained from the actual
vehicle experiment was applied to the AEB operation algorithm, and the AEB simulation data analysis tool based
on GUI (Graphic User Interface) was developed using MATLAB's APP Designer. Accordingly, it is possible to
analyze and compare results such as TTC, final stopping distance, and collision avoidance for FCW, partial and
complete braking between the actual vehicle and simulation through the data analysis tool. As a result of the
simulation by applying the AEB operation characteristics of the IONIQ 5 vehicle, it was found to be very similar to
the experimental data, and it was confirmed that the simulation data analysis tool can be usefully used to
understand the AEB operation algorithm. Based on this study, we plan to improve the system so that data analysis

tools can be utilized for AEB operation sequences of various vehicles in the future.
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Selection of Evaluation Items for Comparative Evaluation of Tuning
Brake Systems

Hyunil Kim*, Pil Gu Lee**, Tae Hee Lee**, Won Jong Lee*** Won Ki Jang***

Key Words : Tuning(5-Y), Evaluation Item(38 7}%-%), Brake System(E.#] o] = A|AH), Performance Comparison(*8
717159

ABSTRACT

Recently, the automobile tuning industry has been improved due to the efforts of the government and local
governments, but the tuning market is still weak compared to the finished vehicle market. One of the reasons for
this is low consumer confidence in the performance of tuning products. The purpose of this study is to select
evaluation items that can compare tuning brake systems so that general consumers without professional knowledge
can easily compare tuning products. The evaluation items of the selected tuning brake system are 5 items in total:
braking performance, braking noise, durability, light weight and economic feasibility. Each item is evaluated on a
total scale of 5 points. Low dynamic performance is one of the most important performance indicators of a brake
system and evaluates the braking force of the brake. Braking noise is an item that evaluates the noise level
generated during braking and is a major indicator of riding comfort. Durability is closely related to safety.
Economical and lightweight items are items that can increase the choices of general consumers. Braking
performance and braking noise were evaluated by referring to the SAE J2521 and SAE J866 standards of the
Society of Automotive Engineers. For durability, refer to the JASO C406 standard of the Japanese Automotive
Standards Organization. The economic feasibility was made based on the consumers of all products that have
received tuning parts certification. Light weight reduction is evaluated through a relative comparison with OE

products of existing finished vehicles.
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A Study on the Comparative Evaluation Method Using Existing
Wheel Test Methods from a Rational Consumption Perspective

Yoonsang Min*, Taehee Lee**, Kyungseok Sim**, Wonjong Lee***, Wonki Jang****
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ABSTRACT

The wheel is an important part and must have high durability and safety beacause supports the weight of the car
body and transmits driving force. Therefore, since 2018, self-certification of part (KC certification) has been
required for Vehicle wheels with less than 3.5 tons distributed in Korea. For self-certification of parts, wheels of
the same design must also be certified if the specifications (P.C.D, number of holes, and offset) of the wheels are
different. However, there are currently about 246 registered overseas aftermarket wheels, and the registration rate
is very low compared to the actual type of wheels distributed. Therefore, unauthorized products are expected to be
distributed in the actual distribution market, but most consumers purchase only with size information when
purchasing wheels. If the wheel is selected only with the size information, damage to the wheel may occur during
driving when the allowable load value of the wheel is lower than the weight of the vehicle, leading to a vehicle
accident. in this paper, intends to present test methods and standards so that consumers can directly compare and

evaluate the five criteria: self-certification of part, durability, performance, weight, and price
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Prediction of OSRVM Noise Source Using Broadband Noise
Simulation Model

MinGyun Park*, Youn-Jea Kim**
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ABSTRACT

The engine noise from the internal combustion engine vehicle (ICV) is loud enough to mask the noise from other
parts. The masking effect means that if two or more sounds are present at the same time, no other sounds are heard
by the loudest sound. To reduce the noise generated by the engine, a method of attaching sound absorbing
materials to the hoods surrounding the engine was used. The engine is the largest source of noise in ICV, Recently,
the proportion of electric vehicles is gradually increasing. In other words, the engine will soon disappear. With the
disappearance of engines and the approaching age of motorized electric vehicles, the importance of noise reduction
is increasing. One of the loudest noises is the sound of wind around the Outside Rear View Mirror (OSRVM).
Wind noises are caused by pressure fluctuations in the unstable flow field. The noise simulation was based on a
change in driving speed. In this study, aeroacoustics was predicted based on numerical analysis results. In addition,
the pressure value and the Sound Pressure Level (SPL) representing aeroacoustics were compared and analyzed.

Based on the results, the noise source was predicted.
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Longitudinal Motion Planning Strategy of Passing Non-signalized
Crosswalk for Autonomous Vehicles

Youngmin Yoon*, Sangyoon Kim*, Changhee Kim*, Jinsoo Michael Yoo*, Jongcherl Park*,
Kyongsu yiwe T

Key Words : Longitudinal Motion Planning(Z¥43F 757 8]), Autonomous Vehicle(A-258) A2}, Non-signalized
Crosswalk(W]41 3. BT R ), Pedestrian( 7332}

ABSTRACT

This paper presents a method of longitudinal motion planning of autonomous vehicles to deal with the
non-signalized crosswalk environment. Based on the traffic laws in South Korea, vehicles should slow down when
passing the non-signalized crosswalk to prepare for situations where a nearby pedestrian starts to cross. If a
pedestrian intends to cross or is in the crossing phase, vehicles should stop in front of the stop line and wait until the
pedestrian finishes the crossing maneuver. To realize these behaviors in autonomous vehicles, the stop position
and stop flag are determined when vehicles encounter the crosswalk. The duration time of the stop flag activation
is determined according to the behavioral status of the nearby pedestrian. Longitudinal motion for the stopping or
passing maneuver is planned according to the determined stop position and stop flag. The proposed algorithm has
been validated via autonomous driving tests with our test vehicle in the real world. The test results show that the
proposed algorithm enables the test vehicle to abide the traffic laws and behave safely against crossing pedestrians

in the non-signalized crosswalk.
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A Study on Vehicle-based REESS Fire Resistance Test Method

Hyuk Jung*, Bohyun Moon**, Boojoong Yong***, Gwang Goo Lee®, Geejoong Yong***

Key Words : Electric vehicle(7] A2}, Rechargeable energy storage system(Rj5214) ol x| AAF A|AH)), Fire
resistance test( &A1 &), Global technical regulation( A 4] 7] 7] 32), Vehicle-based test( A7 WA &)

ABSTRACT

As xEV (all types of electric vehicles) sales expand, it is getting more important to ensure vehicle safety against
battery fires. Although there has been a UN R.100 test method as an international standard, Korea has
independently developed a test apparatus for REESS (Rechargeable Energy Storage System) using LPG Bunsen
burners and specifically stipulates the fire resistance test method in KMVSS (Korea Motor Vehicle Safety
Standard). The KATRI proposed a fire resistance test method for REESS of KMVSS to IWG (Informal Working
Group) of WP29 in 2013, and registered it as a part of GTR (Global Technical Regulation) No. 20 in 2018. The
REESS fire resistance test method of KMVSS is superior to the UN R.100 in the reproducibility of measurement
results, and has an advantage of heating batteries with a uniform temperature distribution. However, it is a
component-based test apparatus that prescribes a methodology for testing a single battery unit rather than a battery
installed in a vehicle. In this study, a vehicle-based test was performed to examine the applicability of the REESS
fire resistance test method of KMVSS. The comparison between the UN R.100 and the KMVSS methods based on

the temperature data measured at major locations in a typical electric vehicle is discussed in detail.
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Introduction of Tunnel Construction Technology of Continuous
Excavation Type TBM (Tunnel Boring Machine)

Jung woo Jo*, Joo young Oh** Hyune jun Park*** Sang min Lee*** | Moon gyu Kim***,
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management hydraulic system(=7 2] GA] 28D, Elector robot system(©]& B 2HEA|AH)

ABSTRACT

In recent years, urban underground transportation infrastructure is attracting attention as a countermeasure to the
increasing demand for expansion of metropolitan transportation infrastructure and traffic congestion costs, and the
development of mechanical excavation technology in urban tunnel construction is essential.

The existing NATM method has several problems due to blasting, and it is necessary to develop a domestic
technology of the TBM (Tunnel Boring Machine) method, which has proven stability and economical efficiency
through overseas ultra-long tunnel construction. In this paper, we propose the development of an erector for
parallel installation of segments and improvement of the excavation rate through the development of a continuous

excavation type TBM system for the development of large-scale TBM technology of 7~8m or longer.

* A s AT/ AT
Rl e o o i s SRS R R
R e S e T 2|
E-mail : chojw1665@kitech.re.kr

195



2022 st=AISAIHHStE] FASkE = =52

PreScans 8¢t Hil'd 7I8t AEB HAXt Q14 AJA- 7HMof
2hot At

Study on the Improvement of AEB Pedestrian Detection System
Based on Deep Learning Using PreScan

Joeun Lee*, Jonghyuk Kim**, Jihun Choi***, Woojeong Jeon**** Hasun Park*****
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ABSTRACT

Recently, the Ministry of Land, Infrastructure and Transport announced an amendment to expand the subject of
mandatory Automatic Emergency Braking (AEB) system to all models. AEB is one of the Advanced Driver
Assistance Systems (ADAS), which uses cameras and radar sensors to detect vehicles or pedestrians and
automatically avoid or mitigate collisions. As the number of vehicles with AEB increases, the need for measures to
simulate and analyze traffic accidents related to AEB is emerging. Therefore, in terms of pedestrian AEB, this
study attempted to improve the pedestrian detection system in the PreScan with MATLAB/Simulink environment
and analyze the performance of the algorithm. The existing PreScan AEB system is limited in that it cannot be
flexibly applied to various situations because it only uses features such as long axis, short axis and eccentricity to
determine pedestrians. Therefore, we improved the existing system using the YOLO(You Only Look Once)
algorithm, which is currently widely used in the field of deep learning, and HOG(Histogram of Oriented
Gradients) & SVM(Support Vector Machines) of machine learning. After the pedestrian was detected, bounding
boxes were obtained and they were used to calculate the TTC and distance with the pedestrian. Furthermore, based
on the EuroNCAP AEB VRU test protocol-CPNA in KIAPI, the actual experiment was conducted using IONIQS.
As aresult of applying the experimental values to the simulation system, the feasibility of the improved algorithm
was verified by being very close to the actual AEB operation performance. The YOLOv4 was the best in
pedestrian detection distance, and it was also best when measuring AP and FPS with datasets combining
simulation and real images. In the future, many conditions will be tested to cope with various types of collisions

such as children and cyclists, and the system will be improved to be detected even in dark situations.
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Evaluation of the Improved Military Ambulance Layout
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EDR Verification for Intersection Traffic Accidents of ADAS
Equipped Vehicles
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Forward Collision-Avoidance Assist(HH<=731144]), Event Data Recorder(Aal7|Z3}FX]), Traffic

Accident Investigation( J-EAFILZA), Intersection( TLAFEL)

ABSTRACT

According to the Road Traffic Authority's traffic accident statistics, traffic accidents at intersections in 2021
accounted for 49% of all traffic accidents. Traffic accidents at intersections are caused by various unexpected
situation such as unprotected left turns and non-compliance with traffic laws. ADAS has been developed for
highways and is only available in limited situations at intersections with various accident scenarios.

In this paper, traffic accident of ADAS equipped vehicles at intersection are analyzed using EDR. Through EDR
analysis, it can be determined that the driver’s act of stepping on the accelerator pedal by 32% isn’t the cause of
deactivate of FCA. Dash cam is analyzed to find the cause of FCA release. It is estimated that the accident occurs
because the sensor doesn’t recognize Sonata as an accident-inducing vehicle due to unprotected left turn and lack
of offset condition. In the existing EDR, the cause of the release of FCA can be identified by recording items
related to accelerator pedal, brake pedal and streeling wheel. However, there is a limit to identifying the cause of
deactivate of FCA by using the existing EDR. In the future, if a record item related to sensor recognition ability is
added, the cause of FCA’s traffic accident can be identified.

This work is supported by the Korea Agency for Infrastructure Technology Advancement(KAIA) grant funded by
the Ministry of Land, Infrastructure and Transport (Grant 22AMDP-C162895-02).
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ABSTRACT

Development of infrastructure guidance service technology for Lv4/Lv4+ automated vehicles is underway.
Infra-Guidance service is to support fast and efficient deployment of high driving automation. It adopts the
state-of-the-art sensing technology to detect dynamic behavior of transportation participants on a real-time basis as
well as cooperative perception technologies. The infrastructure assisted guidance is created based on the dynamic
information, and provided to V2X-equipped vehicles via V2X communication network. These services are related
to CDA Cooperation Class(A:Status-sharing, B: Intent-Sharing, C: Agreement-seeking, D: Prescriptive) presented
by SAE J3216. Infrastructure guidance services are targeted at CDA Cooperation Class B-D. This study examines
domestic legal issues for commercializing the infrastructure use case. We analyzed as 3 sectors in terms of
infrastructure, service operation and liability/insurance with the current law. Continuous research is needed to

revise and enact detailed provisions for infrastructure guidance service technology for Lv4/Lv4+ automated

vehicles
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Importance-performance Analysis for Priorities of V2E and V2H
for Automated Driving

Jeong Ah Jang*, Taewan Kim**
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2kt AF), Sensor Cleaning(AlA]E2]Y), IPA(Importance-Performance Analysis, 58 F-A] 2| T ELAY),

Priority($-41<:9])

ABSTRACT

This study conducted an IPA analysis on the technical/institutional requirements for V2E performance securing
technology and V2H technology for automated driving. V2E performance securing technology is a device for
maintaining the performance of automated sensors equipped in automated vehicles. An IPA survey was conducted
on 13 items, including technical requirements for V2E sensor cleaning technology and institutional regulation
guidelines. V2H technology relates to a display device such as a text/image for communication between an
automated vehicle and a road user. V2H technology conducted an IPA survey on 16 items, including technical
requirements and institutional requirements, such as the "in-flight" information notification function of automated
vehicles. As a result of IPA analysis of 66 expert groups, technical/institutional priorities could be confirmed. This

study is expected to use the research results in presenting future promotion strategies.
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Selection of Evaluation Items for Tuning Parts Towbar and
Establishment of Standard for Each Item

Beom Ji Jo*, Min Kyung Park*, Kwang Uk Moon*, Hyun Il Kim*, Jee Ho Lee*, Tae Hee Lee*,
Won Jong Lee**, Won Ki Jang**

Key Words : Towbar($¢1Z%%]), Evaluation items(*g 7}, Evaluation standard(F7}71%5), Score sheet(Wl|7 3),
Evaluation method(g 7}'H)

ABSTRACT

In this research, among the six types of tuning parts (wheels, silencers, suspensions, towbar, brake calipers,
stabilizers) that are in high demand for tuning purchases and certification, existing evaluation methods were used
to ensure consumer confidence in the towbar. Based on this, we established evaluation standard, verified
performance, and proceeded with the aim of providing information. Evaluation items related to corrosion
resistance, durability, performance, economy, and weight reduction were selected as test evaluation items. Of the
evaluation items, KS D 9502 was used for corrosion resistance, and the evaluation method for coupling device
certification evaluation standards (tuning parts certification evaluation standards) was used as a reference for
durability and performance. Economic efficiency and weight reduction were compared with OE products as
standards. Corrosion resistance is determined by the corrosion initiation time, durability and performance are
determined by the state of the test product during or after the test, and economy and weight reduction are compared

on a 100% basis with OE products.
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Case Study of Cross-Validating Vehicle Speed Analysis using
Cross-ratio

Youngsoo Choi*, Yongmun Yun**
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ABSTRACT

In the field of forensic traffic accident investigation, the speed of a vehicle before an accident is a significant factor,
and recently, video data of a surveillance camera and event record data of a vehicle such as an EDR (Event Data
Recorder) are used for speed analysis. As type of data used for speed analysis becomes more diverse,
cross-validation between analysis results becomes more important. In this study, we proposed a continuous vehicle
speed analysis method that is considered the projective invariant values of cross-ratio and video frame image. In
addition, it was confirmed that the result of the method proposed in the actual accident case was more than 95%
consistent with the result of the traditional speed analysis method, and it was confirmed that it is helpful in
estimating the accident situation in detail through in continuous vehicle speed information in time. As a result, it
was shown that the proposed method can be used to effectively cross-validate traditional analysis methods in the

field of forensic traffic accident investigation and increase the reliability of accident analysis results.
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An Experimental Study on the Lateral Distance Measurement
Characteristics of ADAS Camera and Radar Sensor
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Key Words : ADAS(HEH 977 791 A| 8, AEB(71 534154 2)), BuroNCAP(£- A543 7]), Overlap(:2.
H%)

ABSTRACT
Recently, ADAS (Advanced Driver Assistance System) are being installed in most vehicles for traffic safety and

driving convenience. In particular, it is mandatory to install the AEB(Autonomous Emergency Braking), a
representative driving safety system, to prevent and reduce traffic accidents in Europe, the US, and Korea. When
the AEB recognizes the risk of collision with a vehicle or pedestrian, it warns the driver and controls the vehicle's
braking system. Camera and radar sensors are mainly used as ADAS sensors related to the operation of AEB, and
both sensors measure the longitudinal and lateral distances to the obstacle and recognize the type and location of
the obstacle. Therefore, it is necessary to determine the measurement accuracy of the camera and radar sensor to
evaluate whether the front obstacle is accurately recognized when an ADAS vehicle accident occurs. In this study,
Mobileye's 6 ELD camera sensor (hereinafter referred to as Camera) and Delphi's 2.5 ESR radar sensor
(hereinafter referred to as Radar) were installed in VUT (Vehicle Under Test) IONIQS. For the overlap range (100
% ~ 50 %) of EuroNCAP AEB CCRs (Car-to-Car Rear stationary) and the limit situation (45 % or less) exceeding
the standard range, Accuracy was evaluated by measuring the lateral distance to GVT (Global Vehicle Target)
with Camera and Radar, respectively, and comparing it with the offset value of the actual GVT. As a result, for the
camera sensor, the maximum average measurement error is about 0.099 m, and the maximum standard deviation is
about 0.039 m. For the radar sensor, the maximum average measurement error is about 0.12 m and the maximum
standard deviation is about 0.23 m. Since the standard deviation of the measurement value of the radar was
relatively larger than that of the camera, it was found that the camera was more robust in lateral distance
measurement than the radar. The longitudinal measurement characteristics of the camera and radar sensor will also

be identified through additional experiments.
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