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ABSTRACT

This research proposes the Accident Prevention System to prevent collision accident that can occur
due to blind spots such as crossway or school zone using V2I communication. Vision sensor and
LiDAR sensor located in the infrastructure of crossway somewhere like that recognize objects and
warn vehicles at risk of accidents to prevent accidents in advance. Using deep learning-based
YOLOv4 to recognize the object entering the intersection and using the Manhattan Distance value

Received 22 April 2021 with LiDAR sensors to calculate the expected collision time and the weight of braking distance and
Revised 10 May 2021 secure safe distance. V2I communication used ROS (Robot Operating System) communication to
Accepted 9 June 2021 prevent accidents in advance by conveying various information to the vehicle, including class,

distance, and speed of entry objects, in addition to collision warning.
(© 2021. The Korea Institute of

Intelligent Transport Systems. Al Key words : V2I, Autonomous Vehicle, Intelligent transport systems, Intersection collision
rights reserved. avoidance, Deep learning
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AgAre] B e FE3 Sk FAlol AW, iAo B2 F7hee oo nXA Ratol WS

el ak, Ak B Am% A AAAJ] BAZ dFHIL dh wFkdgEe] WEFE 2020 AFAL F
AEA 27 w2, 20199 A ZEAL Aes oF 1299 Ao Z Addiv] 53 % S TXIE EOI
I 9tk 2010 FE 20209 74A] A HiE SAEL 3.1 %9 @0 53] o

H, EEFHE ALE RS o ﬂ'}iow %@?‘ﬂ 417} ”1 01% Wiﬂ 493%% A ok

(KoROAD, 2020). 2}29} o] of g Wk <l
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g ZF AR TEHE 89 Al a9 dzEke Aot T 71%—% ol &% A Aol o HARE
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&3 At A 23 glo] i

Az"e] dge FRE & gtk Ayl A&FAS 7] 9AsIAM FiviEl, Radar, LiDAR, =534 AlA

(Ultrasonic Sensor) %‘-‘Jr Q—E— 1A AMAE o] &3t EA <12, Al SAE st FH S AA A, 1

AR 7 A o] 58l B HH(Kichun et al., 2014).
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so] Bol Azt Al 715& FHs] oAfhe Dol Aok E BT A Aol oHr] WEd o
Aokl §3e Fa o]F 14 ¢th(Zhao and Shin’ichi, 1993; Zhao et al., 2020).

Radar®} LiDAR 41X 9] - Al 54 s e shvlgtel vis) 453 d5& Aok 22 dote}

golA HB2E olgste el AgE S Wil ofFe FANME A} Hse AFAT
Radar®] 7-¢- 100 m o)’de] AAd] =4 S4sk=t S35 sloy Aduke] £474 Fd a7t 27]

ujEoll FWeF &4 ZA7F 23k ACC(Adaptive Cruise Control)$} AEB(Autonomous Emergency Braking)}
22 do =2 A-8-F T (Hofmann et al., 2003; Dickmann et al., 2016; Manjunath et al., 2018).

LiDAR A4 €] 7% go]#] 25 o] &37] wjiel Wel A wiiol A 40 Aoixe 7 244
FAZEE 7T ok B, FHEH Y BF 52 A4S 7 7] wZoll Pointcloud £E A
AL 753 2ol =2 FUEE 278k FokolA Bol Z&E AL ITH(Hecht, 2018; Zhao et al., 2019; Li
and Javier, 2020).

mpA o 2 250 AlA e e e AR F4 &L s 3 FS 7HAL AT EAA
g7t 7] Wl A Bz ‘i“ﬂi T2 ARED o]HF AME 3Fe EA S0l AZ 2] wiel AlA
+&L 53 ©dS& H95e] ADAS(Advanced Drivers Assistant System)9} AFH&33) 7] &l Q1A MAEo] A}
453 I Th(Figuroa and Lamancusa, 1992; Igbal et al., 2017).
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<Fig. 1> System Diagram
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1. Object Detection

RAZ GoIA BENY ARE S7) AAAE Y BAEA A 140] WA BRI, A
A 79 A AT F8 b0l B AN A, BYA, o8 53 FL B8 AN AYst] B
FOL 14 AT, DA, BAE Q5] 19 B AR o9 42T A ANl A
3k o1 8% 7HEA AN AANE R 5] LIDAR AASE §F] Az FEsAch o
4 BATE 7] BE BPEL 23 Q] Bl 94 Axdo] ke BANNE JYHoE BAE 2

Astal, tid AAE A&stA HE87] A "Held 71Nke] YOLOv4 detectors ARH8-3HITE

1) YOLOV4

HeY(Deep Learning, HZ ) o8 HLayen o2 FAE AW U ES I(Neural Network)E 53l
TheFeh AR 23S o] &5t B S ol Bag AAE Ye 7]71]54'§(M chine Learning) ¢281&2] ¢
FTog, 1" SRS o] &k &7 wEol vk st A tid EAEY TR Rl
T §9asHA 27t 7hssitkE Aol itk 1 % YOLO(You Only Look Once) €128 2D o] || Aol A
o SaE AAES AEdte dugFoE JA4] mE AgLEE APt YOLOE AAAE €1
% % feature mapS FZ3}3L RPN(Region Proposal Network)oll H23}¢] ROI(Region of Interest)S 374 g
Al 127 Bounding boxE AAA3H= Faster R-CNN €1 E|FHT 68y WE &£5E HQIT) Faster
-CNN-<& Regional proposal®} Object Classifications 2T@A| 2 U0 Z&st=t] HH3l, <Fig. 2>} 2°] YOLO
T YAE 3 Wl Igaty] wtoll AA AEAZ o] €53 MEERE B Ao EA QXS 1P
YOLO detectorS AH&-3}% THRedmon et al., 2016; Redmon and Ali, 2018).
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<Fig. 2> Stage-Specific Object Detector

YOLO ¢18]&e] 7Md & 54L& <Fig. 3>3 o] ou|=| Aol thsfiAl shte] 427 we] © ghie] A
2FS 2 bounding box A S~ FES dS3the Holth AA AE do|xZlo] st A Hez
TAE endto-end FAolI 7]E9 multi-task EAE st 37 ZAZ AR WEA VGG-162
Backbone W EH =2 ARE-3+ Faster R-CNN(7 fps)oll BI3l W2 45 fpsd] He&EE EHO=2 gt}

Vol.20 No.3(2021. 6) The Journal of The Korea Institute of Intelligent Transport Systems 89



A2y Atzko] LAt WX|IE 9I5h V2l 7|Hkel AL BRIHA AT

2o TP L T -]
i NP | ot
= ThN

Rk Al =
mh"w—u-u-—a

S xS grid on input

Final detections

Class probability map

<Fig. 3> Object classification process of YOLO

ar1d) wet mde] Aol FedAus dHo] AT o] E Heslr] $lsted o33 /)9 extra feature mapS
]3¢+ SSD(Single Shot multibox Detection)L}, Backbone W E % 2 DarkNet& A3} Batch Normalization
3} Multi-scale Training 7]%-& =& YOLOV2, ResNet®| Residual Block 73S =3te] A7 Fo] FE
9171 YOLOV3 & BEEe} AAIRMIE #o]7] 93 e A77F I 202080 HA Held 7[HE
< 283 YOLOv4r} HEE T YOLOv4S] WXt 452 ofell <Fig 4>9F 2t}

MS COCO Object Detection MS COCO Object Detection

real-time N real-time

Det

g
Efficien|
&
* ) o
YOLOV4 (ours) —&— YOLOV4 (owrs)

“ o —e— Efficient Det s
3 e s
o

ficient Pet
YOLOv4 (ours)

—8— YOLOY4 (ours)
—e— EfficientDet
—e— ASFF*

—8— ASFF*
+— HarDNet
RetinaNet

APS0

\ —&— HarDNet

e
“
3 ——SMNAS s
? < —+—SMLNAS

. \ —+—NAS-FPN ©

\ \ —8—ATSS

\ —e—AISS \
™ ” » —e—RDSNet

—8— RDSNet

2 —o— CenterMask B
0

n s % 100

~ A

0 w0 W 4 w0 & 0 s e 100 v wow 3w w@

p -
FPS (Volta) FPS (Volta)
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YOLOv4+= Weighted—Residual-Connections-V»]- Cross mini-Batch Normalizationss<] 7]'"H &3} Dropout® 2
WIS DropstA| &L feature] €4 W7HA] &7 Dropsh= Drop Block Regularizations 2] 7S ©]&
st} AT J)d-E o] Fo W3l CSP(Cross-Stage Partial connections)”| -2 o83l 58 u] FEOZE AL
5= 71€7] ARE AAFOEN CNN HESF9 AdFS o A& S o] Folllth YOLOv4
o] A2® o}7]€lH+= Backbone UESZE CSP-DarkNet53S ©]-83F913 Neck SPP(Spatial Pyramid
Pooling)?} PAN(Path Aggregation Network), Head= YOLOv3E ©]-&-3} 9 ThBochkovskiy et al., 2020).

2) Vision-LiDAR Fusion

YOLOV4E o] g81e] A% Fa) A AAE ko] AR ADRE ol 83k] FE A
7 AN ARADE B ﬂsﬂ LIDAR 41443} sA12ke] Calbraion® 2105191c), e 44 HAS ¢
A AA Fheet ZAA st Eo] g BB ol dS AU Fhues ARRShE ol A AlA, dl=,
A7 T 7l 7F2H EAE AXHA 22 on AR HEET] wjZol ef=o] WATT oE A
at7] 9fs 7helet ARy old-& XYPstA ==t ol FivetellA aefsiof & stebrE = WF et
(intrinsic parameter)2} 5 3}2}U|E(extrinsic parameter)E YE 4 ok UHE I 2 AE (Focal
length), 53 (Principle point), BITH3 Al4=(Skew coefficient)$} 7|2} AX] Fo] AA 5O o] Fo|7 97 5}
2B S 12ste] 3D 7 HEA Ao Ho HEE sl HEZ HIIITHLI et al, 2014; Jo et al., 2017;
Debeunne and Vivet, 2020).

L

<Fig. 5> Camera, LIDAR calibration <Fig. 6> Vision-LiDAR fusion

7helel A ABeEoldE F3l 35S AAS tha LiDARAIA 9] AgBgoldE Bl 7 AAE
) 3t} <Fig. 5>9F <Fig. 6>& AAHEE 0]§3}e] Calibrations F 3= AHOR AAHE9] YA E
W33 71HEA 7o kel LIDARS] 7|6e4 91X S 112 3}e] Rotation Matrix®} Translation VectorE T-3}1L
7t} 2D oW Ao LIDAR ZRIEE §gsto] o|n|A| zk FAof afdal= LIDAR XRJE AZ|g-S s
T ok o] B3 YOLOv4 ¢ig|E& ol §ste] HEH AA L AlA 7S B34 A2 Classet H14|
AE, AT T d& F ouZ Qlxetel FAIS B3l e AEE o Ak ALt
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3) Object Tracking

A& AAE EdHstr] fslA UKF 7]8He] IMM-UKF-JPDA E#7 LugEs o] &shth
IMM-UKF-JPDA= UKFE Base filter® AH8-3}= IMM-IPDA ZHE T RE AHS F3to g
HWl I35 53l S dSas A ozEn A& EAtt. IMM ZE7F B2l M3 ES
£ 1Hste] H4 mdS s 5 BE A8 GES T 4 Bro 4] & setvHe A
9} Data association ZH4-& AX|™M HFHOZ Track managementE APst= F2o|th BEs B2 99 F
A U] 542 13l Constant velocity, Constant turn rate velocity, Random motion ©.& 37}%] REZ
A E FHetaz et EA Alagle] 229 AE+ o} <Fig. 7>3 ZTHSualeh et al,, 2019).

1 pl 3 p3
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. . ‘ Evaluate combined innovation | ‘ Mixing Probabilities Calculation |
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<Fig. 7> Object tracking flow chart

3D LiDAR pointcloud ©]©]E]E Euclidean Clustering 71" < ©]83lo 383 7 Edf7 & 78dsie EF

2 e A BFE 1HAS W FEAP Uv WEENA AP S ¢EA €tk LiDAR HolEE HIE

o2 EYAE 2dsty] wfZol, ofgte] - Vision Al2x®lo] AAE ERt=d oHes A 7 oy
E

Vision A]|2ES 0] 23 4 = A$ LiDAR AlA] 7|9t 2 “Unknown’ 229 thAa-S

AR AFPEE Adate] dPS st "ok mebA Vision A2ElE 0] &8 F gle B4 VRSOl §le
offte] =5 WA 22 A =4 EFE 1T 5 oY LIDAR 76 3% &4ES el AlE W

AT 5 YE% Sk
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2. Data Communication

lzaglel A 7+ AL 24GHz 2 802.11 b.gn MBS AP SAIE |83k ROS A4S o] &3ttt
(Priemer and Friedrich, 2009; Rakha and Kamalanathsharma, 2011; Bento et al., 2012). ROS+ Robot Operating
System®] AR 3| A= 08 9JolA B Eslol s go] FABHE vE YA Aol S8 AZEY ]
A, B 59 A5S AFA F2 ZRAC SolA AgHol ot Ao A8FYL AT ATA
T O3l 220]3 Utk ROSE masters 53 node$} node’t A2 §41& B3 EF Fuwron A%
ot FA& TCPIP 7|Wko] A%k ROS HF2EIE Fal S48 ] Wi t5e =ovt A2 §AS &+ doe
Aol Atk webA val Alz='lel] HEst s ) vgs A QlZe} 3ke] FAlo] 7hs st th(Hussein et al,
2018; Zhi et al., 2018).

ROS B4 AlzHle] #A4L FA F WARZ vYe F Uk =EdA mkrEE EgS Hljls EY
‘Publish’ ©AI9} =27} EXS vfrEHZEE HAPihs ‘Subscribe’ THAoITH 2 /\li:EéMWt 1z}t pCo
A A== object detection 71X A Qlxzet FH FFS ARGt FEA ol A AAEY FF 3
T EAoke A, TE7HA ddEHE AT 59 AEE publish 3HA HHA An o] JE AAe AR vl
AA EFE subscribe 3t FAFAY A&t 5 ALAE S ASste] AT F QA ik

2 AFA ROS BAE AHEE o= Y3 ANGSE 3 A4F AXEd Y golBelgE A o

Z BAlo] 7bs3tH, 71Z 9] TCP/IPS}H UDP9} a] 0SollA A Yst= 71X E F3ll d=9] "ol 713 §l
o] Al HolHE AET ¢ 7] Wl A WHoE A=siith

m Aa3d +4
APV Mid Size SUV A&FDAE o] §3te] BB B5E T AFYOE YAk 4879
[e]

NmeERE 44 £ 94 A5E wom 1o }%k% A it

= 5

5 oA APstH o HLe, 25 2 % l okzk /‘17}1’4101] AdEs 7&‘3“

S 2ZH AZro| ME AAE Wse} AlAE AT 58 HHE § JAEE AL <Fig. 8>3 <Fig. 9>, <Table
<= e} Alx'le] A, AlA e Aule] 48 YERdT

Infrastructure Autonomous Vehicle
(o llI i
= -
- Camera LiDAR C era LIDAR

% 3 -
RIK GPS

‘ « RT-ACSSU

JETSON processor II:TSOI\ processor

| ———> Objectdetecton ~ ——— ROS communication |

<Fig. 8> Autonomous Vehicle setup for experiment
9 P P <Fig. 9> Diagram for V2| communication
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<Fig. 10> An ally nearby school <Fig. 11> Urban crossroad in school zone

<Table 1> Sensor specifications of Infra. & Autonomous Vehicle

Vision Resolution FPS FOV
' 1280 x 720 60 50 x 92.8 x 110
oCam 1CGN-U-T
LiDAR Channel Horizontal angular resolution (degree) Rotation rate (Hz)
(L
) 64 0.35 (360/1024) 20
0S1-64
PC CPU GPU RAM
‘ 8 core ARM v8.2 64 bit 512 core Volta 32 GB LPDDR4x
Nvidia JETSON
AP CPU Segment Network
IEEE 802.11a
IEEE 802.11b
IEEE 802.11g
BroadCom 800MHz Dual-core AC1900, 600+1300 Mbps IEEE 802.11n
ASUS RT-AC68U IEEE 802.11ac
IPv4, IPv6

V. A8 23

Object Detection Part®] Classification A=+ A4 AXE &2ls7] 913 MS COCO data set= AH-8-3h
o] HAESE #lXntg A3E olg] <Table 2>9] ¥7]8}3tHKumar and Punitha, 2020). Nvidia Jetson AGX
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Xavier EEE ©]-83}%] object detectinge P35I TensorRTE F3ll WESHIE HH 53T HIX| U}EL
T A= B7HE Foko] A9 A AR} FAEE Alool] WA= trade-off VAIS

S AT 5 Ao, At =3 FAE )IA £EE HolHA E3 ALEE FHE HEH
oJu] A ¢ input sizeS 512 x 512 & AAsteo] AHE 2Pt

A8E 735 detector] FEE Hr1str] 9t A2 =23 300719 ZHUolA st} )
£ ol A2 wael AE 4SBT H2E 879 Gound Truths S84, W2, B %
ghate] 2beF 13410, 2aYA} 4507 0] ToU 05 o4 A5 AFe R 1hFste] Heste s wﬂ«l PEE=
o}Z <Table 3>9} 2o AZE A5 EdF dueF Bakste s2st7] el ol AxET v 7
A% BAH5S 1Y 4 gtk
<Table 2> Accuracy of YOLOV4 in different input size

Input size mAP @ 0.5 (%) FPS
608 x 608 65.7 219
512 x 512 64.9 31.1
416 x 416 62.8 41.0
<Table 3> Accuracy of Object detection part using YOLOV4 in 512 x 512 size
Class Precision (%) mAP (%) FPS
Vehicle 83.58
80.42 29.3
Pedestrian 71.0

Zy7to) Aol APt AA el 28, AP A7) 5 gokdt S0 7 o] AFS Aysg 2
7+l A3}= <Table 4>° 7}E| 1L fﬂmi B o2 Attt A% e 44 22 JgHEE 77T
Ao)ze] 2 A3} dlolE ] HHFAE YelY A vlolE= 72t A A 3 &5, =gl As
5 kS wo] i 24 ¢ke] Manhattan Distance, A|-5A 2], et AE A5 o] % kg AA A AZE Al
Zt3}e] #}o]Ql Infra gain ()3 Lo W2 Az Infra gain (m), A FAL AL 5 F 6714 &5 Ao~
Bz 7}7} 208] oube] AYPF Avtel BFNE vehick
<Table 4> The result of experiment in each case

Vehicle velocity] Distance to | Braking distance . . That time of
Case (km/h) object (m) (m) el i () | i) G (G experiment
School zone 25 14.75 12.46 1.75 12.15 daytime
Urban cross-road 10 25.7 8.5 1.9 5.28 pip emma
Alley 30 15.33 15.05 1.1 9.17 pip emma
Campus road 10 8.61 8.5 L5 4.17 night time
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“Vehicle velocity’= Aol AFEE A-&F39} dul
‘Ff@ E£E 5 FTotHA B AEER 'rr/‘}“_i il
Eoh& gkl FHo 7ok YA Fo= s 30 w4
oF wd) AHvize) g nEE BPAEE °L‘H B 10 E58 ﬂ‘}ioﬂ XJ?JOF%‘\E}.
‘Distance to object” &5 WAL ol X< 2
Ao EA|oke] Mete ATlE vepith Ao Q] Wiy BEat 52 A X}‘j*/] E‘;‘]°‘°ﬂ upeh A
2= oy wakE FH W 10 m ojWell XSi3 EAE AP R Adsta AYE ST
‘Braking distance’= <Fig. 12>0l|4] &1& & Qlzo] wFbdgthol A Txd g S8 A5 H ol
HE o] &3l ZAATE nedtAdd3H A5 WEH 30 km/hFH 80 kmy/h 74A] 10 km/h FXHEE Al
A AF8AIL ol 5 Tl 22 S o] &5t HolE o] ZAS AlZlom ZAR S o] gt 7 A
d E5¥ AFAYE <Fig 13> o] SAHSIAT AR 42 3)3 2oh
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Braking distance approximation ~ 0.0127 X Velocity® — 0.1804 X Velocity+9.0357 «wwwwseseserees 3)
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<Fig. 14> Night time test for non-autonomous vehicle in campus
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