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Abstract : Autonomous driving technology has made significant advancements in recent years, and various autonomous
racing competitions have influenced the development of autonomous driving technologies in universities and research
institutions. However, in the extreme environment of high-speed racing, implementing a reliable autonomous driving system
remains a challenging task. This paper proposes a Camera-LIDAR sensor fusion algorithm to improve object detection
performance in high-speed and bank-road environments, and achieve processing speeds of 10 Hz by participating in the 2024
College Student Autonomous Driving Competition. The proposed algorithm improves the calibration accuracy between the
camera and LIDAR through internal, external, and temporal calibration. The 2D object detection algorithm utilizes YOLOVS,
while the 3D object detection algorithm utilizes PointPillars. The 2D and 3D object detection results are fused, based on late
fusion. The proposed algorithm was tested in the KIAPI proving ground environment, and it performed reasonably.

Key words : Autonomous driving(AF&-59Y), Sensor fusion(AlA] 3+4), 2D object detection2D Z§A| 7Z), 3D object
detection(3D Z§A| 7<), Sensor calibration(&lA] ZH2] H & o] 4), Racing competition(H]0]4] Th3])

Nomenclature T : translation matrix

BEV  : bird eye view A : 3D coordinates of 2D object detection result
RMSE : root mean squared error B : 3D coordinates of 3D object detection result
7, - focal length x d : distance between two objects
/, - focal length y {3 : 2-dimension feature point

c, : principal point x P : re-projected 3-dimension feature point

c, : principal point y

kjl : radial distortion coefficient 1 LME

k, : radial distortion coefficient 2 A&y dol g 2 dzk AEF3 FokllA
ks : radial distortion coefficient 3 M7 FERro} ghrt. 53] DARPA,” Roborace,” Indy
P, : tangential distortion coefficient 1 Autonomous Challenge” 5 TF&3F 21-&523) @o] A t] 3]
Dy : tangential distortion coefficient 2 = ofe] " & vEete] 714, AT 713 AT
R : rotation matrix 7|s ol 2 S FAANE 3L glo]doleke =
“A part of this paper was presented at the KSAE 2024 Fall Conference and Exhibition
“Corresponding author, E-mail: sckee@chungbuk.ac.kr

his is an Open-Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License(http:/creativecommons.org/licenses/by-nc/3.0) which
permits unrestricted non-commercial use, distribution, and reproduction in any medium provided the original work is properly cited.

303


https://crossmark.crossref.org/dialog/?doi=10.7467/KSAE.2025.33.4.303&domain=http://journal.ksae.org/&uri_scheme=http:&cm_version=v1.5

2% - ez

sl @AANA NN Q= AEFY =9 TEs
= Ae o8] o2& FA FolITk. 100 kmih o] 4
o 14 7

Fa @7ol A T AAE Ao Q3
a7l Q1A shok o, o= Bt F Aol E Ao 5

Joto] Aga) Al~Ele) e AR o 05
o]},
Hede] wawl g shulel, 2ol A HolH &

7lwto 2 32D ¥ 3D 7]4;4] A& AGF= L& vlsl A
&g o] F3Ith 2D AA HEl=
Network(CNN) #2-& 2h-8-3F One-stage 2 Two-stage
detector <= *21 7}, Transformer W& -85 - W)

2l o] ZA) 3T} One-stage detector= 2D W vt~ o] 2}

Convolutional Neural

¥E A8 Localization®} ZURE o S55h=
Classification s &A]oll F&3l= F2& 71t} o] gk
T2E ALt Al o)A, AAIZE AA| HEl A

ete] FE AT wokillA wol] &8t A
ol 2 el 2= YOLOY} SSD”7) 21t} Two-stage detector
= Coarse-fine 2 M| 25 53| Localization} Classification
S HER Fsts 725 M, ddA o R =2 A
Freg A sHARE A4 HE SevFdth tiE4Q &2
92 = Fast Region-based Convolutional Neural Network
(R-CNN),? Faster R-CNN” 5-¢] 2T} CNN 7|QF 2dl2
=40 EAS FE6= v E3lE Wb, Transformer
719k B2 Attention® HIAUF S E-g38le] o)A <]
xqoﬂx%g_] ARE gg&do=z Z%E]ﬁl' 2= 9\}1\1:]_ tfE A el
9= DETR,” SWIN'” 5-¢] gt} 3D 214 74101]—
ZRAE 7Nk A A3} T2 7k A Ao &

et mllzl H _ﬂl B3

D voxel, pillar, BEV 52| 18|= =2 73t
$F 2D 53D 21 S A8k W2 22, VoxelNet”
FERIEZETEE 3D voxel & #83¢F §- 3D CNN=
283l o1, PointPillars'¥= ZOIEFTSEE o7
7)< Pillar= M3 F- 2D CNNS 2 &5} t)
S 7]'“1]\1} T Fﬂrol‘ﬂr Eﬂol 1% 7]dk

AOpau)

ool
ri{
_>L
il
ﬂ
O
e o
o
4o
&S
r__);{{
>
lo
o
et

304 RSB =27 A33H A4E, 2025

orz - 7143

fusion 2t AlA o] W7} Hlo|El & 596
o7, /ﬂg = Ok/\q ARE AITHo

21t} VirConv' = Depth completions 7]HFC.
7Fd ZRJAEZF2H9-=0] StvD2F NRConve 4]
o|=E AAZ &, o]F o|uA]| HoJH e} Fetataith
PointPainting'®2 ¥ 91 EZ2}-$-=E 2D semantic segmen-
tation || Ao FF T ¥, S ARE VI IIES

D 724 A& 2ol st

k)
—o
st

hl
2
-
>

ol
I
o,
il

=5 J)r;q © 72 g3l ) Late fusionS A & THE
A velEiel ] FEE A4 A% 251§ 1
Zpal o g sltbe] A7 QB EERE 9ol gAF

gz Ao A HE AaE 8 5 Q) oY

G Al Th 1A FE 7] ) Qb E el 1 A
59 AlFekm, AT} o] AAZE 3% AA 9
7

275 Ropo] Hgsirt. cLOCs e 7 AA) 7

% 229] Non Maximum Suppression(NMS) A €A ¢
olHE ¥ o= &geto], 2D A FH.eF 3D A A 5
B 7ke] omEA 75184 A S vHto s HE

A5k ek v =9l el s}am.

2j9] dlole)E %wz Fo AY AUES

=
= 9 3L H
wgaio

2. 10 Hz ©]’32] A2 &%=E5 T3 3 Late fusion 7|5t
AA A daglES &85t 100 km/h ©] /<]
3145 3 Ao A HAAZE A AEE THI
=2

3. F=281= ATl 74k Late fusions &30 24 ¢
A AA] 719E A AZE Al b)) g4 s
S &R th

2 = 7L v gk 2780 A = AlA 57



& A2FY 20142 9I8 Camera-LiDAR WM T Q12| Y12

thEr 33l A=

S 93 A Aol 7HE

2D % 3D A A% L8 =) o] 7|uko 2 &) Late
fusionS Ao}, 47gol M= A S ek, 5
ol A= s Hr7E d9E 2431 6dol A= A2
AES =t 35 AT 0ES AlAl gkeh

A% G ’
A4 A% PR A% A Hgo Agsof gtk
Fhvlleh=

AE o Al A =S Hag}ggu}

1:}% AA FAL g4 =

‘“"1 7“ﬂb‘ﬁﬂ°l"4°1 H@QCAO]: et Al A

&?lgi o3k 9|2t o A=

o, A5 The 14 a4 2

B oa v go] A, 1]

Z} HolH = }\]Z_].—Zﬂ o= 57]§}0}# Temporal 7“ﬂ H

o] ZLFHETE B =R A= AA FH 4SS T

, 95, Temporal 22| B.#|o] S 53

", o1& Eﬁﬂ }Uﬂﬂ} oju|x| e} ot} EJAES
== )3T

l-N
Lo
oX
LT
O_u
ml’l

2.1 Intrinsic 2! Extrinsic Z82|=22j|0|M
glo|t}h A A= A LH hg| B eolds Fagh
o] IRJNEZFEHP-E Hlo]
HHH Fheh= 7] A 84,
! s o] a2l ofs Pk ke
Ao e BAstr] flaiA = Uiy e B o]
A & o ghuk =0l A= Perspective™
8ot AEFa A el gkE |z
Zhd| kel Wi spen] g &} o= Al E ALt aitt 2
(D d=e] 24 2 o= A 7zt dE& o
ERim 2] (2)= dl=o] WAL Bl A o= Al E =,
oA =S BHAS= d E8HTh 2 (3)2 At
g4 9 3)d-ol s BHS AFS T 33% 71RF 2327
W e85 LR, Fig 13 o] 23 Wk B8l of =

o] HAH oluz|d XJEZFL-E5 FGsto] A7}3}

Image Plane

v : I [RIT] .
> Normalized
Yy Y. Image Plane
World Camera
Coordinate Coordinate

Fig. 1 Coordinate system transformation and projection

process

@4 Ak
fr 0 o

camera_matrix = [0 f, ¢, @))
0o 0 1

distortion_coef ficient = [ky k, py ps k3]” @
X Xw

[y] = [camera_matrix][R|T] | W &)
1 Z
1

Al

=

o ANZRE AEE AAE Agel 198,
g33l7] e A2 o AN HEd

2 7% AxA= W %&Lqﬂﬂ»&&WE@
B B ol e 917 el el A4S A
7l 5 9loma AEF3Y A\~ oA S Sy

1‘ ok E
ot

O

|

N>

A= A 95 A B go] o] H4A o)),
=AM AAREE &8ate] Bl 7N T
g-gholt} o A Hgo]dhe Faagict. o] 44

oA PnpPE ZIWko. = 3 3E7] Atele] B FH )
ol YHg FAsIA o, PnPE 3317 28] o] A
s} ZlEZFeh¢ =2 R E A7 nse) 2D % 3D 54
e FE o)A TR BN g
A7) 2D 5 H L APl F2E 5 YA, £
Eia_o == Eﬂ/\ﬂ 2—15]«7]. H}_‘g}.o:] 7%:;]7]. U%o]xl_/[:
E A3 3D EAH FE0] o] A) & =F| A= Fig
2a)sh 2ol B2 AR E Fas] 98] e e
=g 2w AARE WS PYFA 00, 4~20m ¥
9 5 4L FEa, viYste] o)¥ Aelneo|
Mol JAwE FPA T Fig. 20)9H = A el
A4S Lhebdie,

Transactions of the Korean Society of Automotive Engineers, Vol. 33, No. 4, 2025 305
























	고속 자율주행 레이싱을 위한 Camera-LiDAR 센서 퓨전 인지 알고리즘

