http://dx.doi.org/10.22680/kasa2021.13.4.007

©
il
g

Zhigt—glelth AM &3 53
VRU &7 2 F4 dads e

AR ol EF - o] 5

Vision and Lidar Sensor Fusion for VRU Classification
and Tracking in the Urban Environment

)

Yujin Kim), Hojun Lee”, Kyongsu Yi

Key Words: Autonomous driving( RS- 53), Sensor fusion(#4] §3%}, You Only Look Once:YOLO(E-ZE), Vulnerable
road user(iZ& EXp, Geometric Model-Free Tracking

ABSTRACT

This paper presents an vulnerable road user (VRU) classification and tracking algorithm using vision and
LiDAR sensor fusion method for urban autonomous driving. The classification and tracking for vulnerable road
users such as pedestrian, bicycle, and motorcycle are essential for autonomous driving in complex urban
environments. In this paper, a real—time object image detection algorithm called Yolo and object tracking
algorithm from LiDAR point cloud are fused in the high level. The proposed algorithm consists of four parts.
First, the object bounding boxes on the pixel coordinate, which is obtained from YOLO, are transformed into
the local coordinate of subject vehicle using the homography matrix. Second, a LiDAR point cloud is clustered
based on Euclidean distance and the clusters are associated using GNN. In addition, the states of clusters
including position, heading angle, velocity and acceleration information are estimated using geometric model
free approach (GMFA) in real—time. Finally, the each LiDAR track is matched with a vision track using angle
information of transformed vision track and assigned a classification id. The proposed fusion algorithm is
evaluated via real vehicle test in the urban environment.

1.4 & g8skd o, 713 o sk AFghe] VRUSR] Akl o]po]
o} A AT F VRUSKS] ARl /3ol 4] B2

AT} o] B} ApEkEul ol g} thokel FoF w2 AR ol ZEAQI Adlo] Q1A Fe ' vEpkttt ole] sht
ZF(Vulnerable Road User, VRU)7} @il 53431 317 o] o] A7} Hi= AP A 20181 P ofj 2] Lol
ek A8 F3 AzH RS Aal el Wl e A AT Uber Aol A48T AF 23 o) A
7} 2hks] A a ok BA AEFE F)go] AAw  AFBARLZE AATEY W =8 A7 of T mgel] 2131 A

LTI AEE TE st 99 RiAE So| o}
« Aerigtn 2 Bs 9 Ao} A7, whalaby ok AL AH&F8 Abgo] dd HarE 148k
s A giSla A £ D Ao} A7, b} ; 2A Ved 2 BAR
o} of o , 1 KA} ol d EE © Al 7V58k 2o BEAlE 3k

s ATl A2 Bods 9 Alo] A, WA A A A

False Positive 480 2 BF3lo] AA54A] &4
FAE A o)9} e A AH o] A A

],

WA AR} kyi@snuac.kr
E—mail: zxc123xc@snu.ac.kr

Wt (oo ne
ol

o
R

H4g: 2020.11.10, =28 2021.9.17, AM&EL: 2021.10.4



LR REE

$-31¥l HDAAZ=Hloll A &= veRd u7E gleh A 2020
W 6979, thutellA HDA RER F3aeld H&ah 2
3 2}Fo] WolA 34 g_g;q.aho_ So] uke AbAo] 94l
o 8 Al vek §19l0 23 gilo] el vz
el X kel H-2hel Fhe|el Alofel] A HEE AHA]
ahe U shEjae) A4 siele] Yg wiete] Azt
AA7F EAE st ERshed 2350 Ao
7FsAe] f3Ea Gk o4 2} Ahgo] 7t % Fal 4
o] A2 AT ALS e D TAo 917,
S5, A% B Sof AHiE AU FEa0k o), wH
Ao 272 @%}ﬂl RR3toof g,

ot A QEE}
sk o AT ﬁﬁﬂﬂ‘ﬂ »h?} Koyel BanerjeeV& 2}
RGB o|m|A] el 433}l
Ead §39 vlojEE
wu} =3, om@

—|—‘

-
>
Léi
=
o
- a
@
=
i“
%
ol
1>

o
_1)4

S’,iﬁ}. Hyungg1 Cho'V&= 3}
o EA19] HE FAL =5 EAlY 24 A e
Fhl|e} ou| Ao Fodste] FhEl AME B3l ERHE ©
n] 29} g3kl Tk Hongbo Gao'™ = 72} RGBo]H] =
o} golt} dlo|E] & -3l =& Depth o]0 A] 4-S Q1%
°2 CNN 24 7S 58 BAE 2}, 2pdA, EE
A *J‘li]-i B55he A4S W85keit) Chavez—
Garcia V= 2loltiel dlojdi & §atste] &A|9] AHS
A8k, F7H o= 3}015} A& o] &dl g W
o7 A2 B} T4 &
@'Oﬂ s Zi} A @% ”*%01 3 P HlEe R 2

r

N
27
)
_Or
&
>~
ah
0150
ol
=

AETdS HOHH 32k Fte ] A4 14 A
H7F X3 QA Azt Basitt 9o A5 ol
EA9] 32 F3lA B398 3}01‘:} ERIE
25 AR E QIR R Q1A darglEs 0}7(]
gk gtolth A 1.9 %ﬁ’ﬂ"éﬂr 32k %101]’\14 ERIE
dro] g o Q3 H& A A FEsheE Eﬂ
ojg]gol glil, EEE Jﬂ’é}#] A AT
of gt} Wk, om]x] 7
n] o] FojHom, F&
e dagFEo

G5 A ek whetA,

l:

o

o] golr} 7|ko 2 FA4H B4 94 2 &Y, £, 7T
E AR on|x] 7|uk B2 S~ HuE 83t 5 9
5 F3slich B gholth Bl GMFA(Geometnc
Model—Free Approach)Z #-&ae] =&t 24 A
Z}i# WA gholt} ¥RIE SEH-EE frEETieh A

f3}o] Se]A~EYs}ar, GNN(Global Nearest Neighbor)
3}04 7k 2~5lo] E8~E ¥ gzﬂg Ao 21

‘?‘l-q—. 5 7} S| AE A ARES 34 Zut g
(EKF )9} ICP(Iterative Closest Point)HH4]& %83}

FEo, oo YA 2 & T FHE FFshe Ul
galdo] A EAE Bl st 7idEl Egl

ghete}, e} ouX| & S5k 9 A
o AAIZE A4 7‘3@]”“0] ASH &
Only Look Once)® & =
3ROy PE S o] & Hi}%k
T A3k szt o] 7 4w
Ed §3¥ .

oo HHE 2 _IZ m{o rulm
N

:(
e Y
=5
. o
1o,
il
N
M

2. 2= 5L AN A4

VRU 1A 9} 48 9l8) AM-E A4 8 -2 Fig.
13} 2}, Fig. 1014 B v} o] Aol 4 g o]H

Fig. 1 Vehicle and sensors configuration
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Fig. 2 A field of view (FOV) of sensing coverage
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Table 1 Quantitative evaluation of our fusion algorithm

Object Total Correctly Correctly Correctly Correctly Matching
Cl:;cs Obo'eit Tracked Tracked Tracked Matched Performance
! Lidar Track Vision Track Both Track Track (%)
Vehicle 2831 2812 2796 2782 2319 83.35
VRU 246 235 228 221 174 78.73
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Fig. 6 Several situation applying lidar—camera track matching
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