| SIS LYK

J. Korea Inst. Intell. Transp. Syst.

A7) Fpieh 7 C-ITS RAA 3594 AT A 24

Edge Camera based C-ITS Pedestrian Collision Avoidance Warning System

8E W F R0l 4 TN R O s

a
% FA7 ;AR
AR RAR
wer FAR  EALE AFATE FYATR
s AT ARG ARF

Jong Woo Park* - Jang Woon Baek** - Sangwon Lee*** -
Woochang Seo*** - Dae-Wha Seo™***

* School of Electronics Engineering, Kyungpook National University
** Artificial Intelligence Application Research Section, ETRI
*%% Research & Development Department, CEST. Co., Ltd.
*##%% School of Electronics Engineering, Kyungpook National University
+ Corresponding author : Dae-Wha Seo, dwseo@ee.knu.ac.kr

Vol.18 No.6(2019)
December, 2019
pp.176~190

pISSN 1738-0774

eISSN 2384-1729
https://doi.org/10.12815/kits.
2019.18.6.176

Received 4 November 2019
Revised 20 November 2019
Accepted 28 November 2019

(© 2019. The Korea Institute of
Intelligent Transport Systems. All
rights reserved.

2 o

HZ Ji s g AR A 2P} FEAL Ao F24do] SUFsaL AT CITS AlH]
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A CITS EFol W Bz FETA A1 Aulzs @A Fhvlgels ByAE vt 7
Fto] MRS Algste 2ol ofd A AE 9 AR AnldA RS HEsta
ITS Alz=®l3} AAst An|2=8 AFaty] diol] AAMEE w5317 ofHoh £ =74
= AA FHHEtE o)&ate] FRNAM BPYAE HESty AEZHAE V2X =S T e
FRANA AFsheE B FEGA AL AzEE Adsta, 7EE § A5 BUFE AW
ST W7t A, Hot AelME BPA FEWA AL WAAE CITS EFA 278
AL E 300ms oJHie] AAAE st HES F dgS AT

o]« AT ITS, A HI 2, B FEWA B A 2=H,

ABSTRACT

The prevention of pedestrian accidents in crosswalks and intersections is very important. The C-ITS
services provide a warning service for preventing accidents between cars and pedestrians. In the current
pedestrian collision prevention warning service according to the C-ITS standard, however, it is difficult
to provide real-time service because it detects pedestrians from a video-analysis server in the control
center and sends service messages through the ITS system. This paper proposes a pedestrian
collision-prevention warning system that detects pedestrians in the local field using an edge camera and
sends a warning message directly to the driver through a roadside unit. An evaluation showed that the
proposed system could deliver the pedestrian collision prevention-warning message to the driver
satisfying the delay time within the 300 ms required by the C-ITS standard, even in the worst case.

Key words : Cooperative intelligent transport systems, Safety service, Pedestrian collision avoidance
warning system, Edge computing
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A2 3 o A BEAD Aol AR ML BF A ARl AP By HEo] Frin
B3I gk meba ol A o) Ao BEALE Fol7] Astel Agel Aol AP WIS
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oj-gste] HYAE AL Aol A A BarstAu, 25 AlE A 2=FI(ABS; Auto Braking System)<
Fot= AT A S Zlel Jrl'fi T7F EeA FHA Ut

THEAR 32 A5 oshd 2017d 0 BARE 2 o) Al A aEARL APEAE FollA 602%7F 2
SHRE YoM Alggon, 53] 3 Ao A F FQ BRPYAS THEA] XFoE WAse
AtaL7} ZESkTH(Korean National Police Agency, 2018). thH-29] 313 wFAILE EFold B F=Axd
AFow Qleto] LAY Aoyt FREA Fote= -9 ojdlo] e 1¥ HaAte] REof® Qs Ay
gt 53], 253 Apolle AJET Fo pEHo] WojA|ul B Fof] ~ntEZ | R Tt A B
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A 2=]l e AA7E 2] 91 E Hlold 331e] BR) obdS BAekA] Xale WAo] o, o] & adskA &
AAE RFALE WA offts Ag udit. AAE vx uLss MRS (IHS; Insurance
Institute for Highway Safety)ell4 2019'd 10€ 29 AAIS FTHA}F 1652 PR FEYX] A|2H HIto|
AZ Aobrt Wal iz e 8-S BUF 2SR e § AlA 7HkY] Bexl ZEWA] A 2Elo] H] 71A]
T4 ByAe] A BAgEHA| %@’% UeRHaL Sl

uebs HZolle EAAA wE gl gk R gl 3 AR S Algshet] CITSH AR|2~7} 85
I QIth CITS AjH|Z ol A E?syz} WA AL AHlas BaiRte] Qb ] flste watg: Es
T2 Y FY A 9 2 gl A A} FEAL

g dshs H4S 7RIt 28y @A CITS 23t
TEWA AL A2E2 CCTV 7kl A 317k 9740l 384 A= AEE 424 AN B
AHEBAL, ARAAE AEs] vzoll SAANA B FEWA o vAAE AFshet AQAZe] A
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1) C-ITS : cooperative-intelligent transport system, =28 A8 uFA| 2
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<Table 1> C-ITS Service

AAANA FH wF FEH 54,
B-S o] n| SchMinistry of Land, Infrastructure and Transport & Korea Expressway Corporation,
2019). C-ITS= DSRC2, WAVE?) 9] V2X4 FAl&
2 73 9 AFeH, A= 1F 43 JRE
o] CITS Al 2~&
Bazpe] <k

I. 95 w7

A1 MH|IA

SeHE SOl AL AY ARE AT

oj-&sta] AFH == lze} 1ol HolHE
T8k EA8ke] ITS ARl 25 A &3}, <Table 1>3}

oFH}sE o

= 70 £k 157) AMul2~Z FAEY CITS AHl2 FollA R W] 7431 AJH] 2~
e Fatr] gt AR e B2 711 T3 Al o Bz @ WA FEAL
g 7Rt

info. collection

Service Function Description
Location based vehicle data | Collects vehicle status, location and driving information from the vehicle terminal
Provide basic collection and stores it in the center server

Location based traffic info.

Providing location-based traffic information such as traffic information processed
at the center to vehicle terminals driving on the road

Toll collection

Smart toll collection

For toll roads, pay at the same speed without stopping for payment (Trial service
without actual toll charges with the existing Hi-Pass system)

Safe driving
support

Provide hazard section info.

Provide forward situation information and safe driving information for potential
risks and real-time outbreaks

Provide road surface &
weather info.

Provides situational information and safe driving information on road conditions
or weather conditions that may be dangerous to driving a vehicle

Construction section
driving support

Provides situation information and safe driving information on the work (construction,
cleaning, etc.) of the road driving the vehicle

Provide crossroad
safety

Traffic signal violation
warning

Intersection traffic signal display information processing at intersections to prevent
accidents and signal violations

Right turn safety support

Prevent collisions caused by conflicts that occur when vehicles turn right at crossroads

Provide public
transport safety

Bus operation management

Enhancement of transportation service quality and safety through real-time bus
operation management by collecting bus operation information

Yellow bus guide

Disseminate yellow bus getting on and off traffic to neighboring vehicles

Always care for
pedestrian

School zone & silver zone
speed control

Drive warning and regulated speeds to vehicles entering school zones and provide
real-time operating and safety information

Pedestrian collision
avoidance warning

Avoid collisions with pedestrians and bicyclists when crossing or crossing roads

Prevent accidents
between vehicles

Vehicle collision prevention
support

Collect and notify in real time the vehicle situation by the vehicle danger situation
and low speed vehicle, and prevent the 2nd accident

Emergency vehicle
approach warning

Deliver emergency vehicle driving situation to forward vehicle to rescue emergency
vehicle and shorten arrival time of rescue site

Vehicle emergency warning

Prevention of direct or secondary accidents caused by road vehicle breakdowns
and 2nd accidents

2) DSRC : dedicated short range communication, ©-A2] A& T4l

3) WAVE : wireless access in vehicular environments, X} |5 7oA A H4:
4) V2X : vehicle to everything, =2 9]¢ x}gfol] H& 7}53 ZE 3
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CITSS| RPA} FEWA] A1 AHlas BPa ARE V2P 7|€g o] &3t AFd AFgFom Bzt
9] kA& A FE e ]‘3]'. CITS E3 BAE B3zt TE58A A Auxe] T2 A Ad A&
Bl RSU, OBU 2% o]Fo|x %q(lntelhgent Transport Society of Korea, 2017). A9 A|A~El-S BRY2E 7
ot Al o ® A T}, 71413 ZhilEl, deElat gold § udd AAE AHEE & o, Al
A8 54 °ﬂ w2t BPAE HAEshe £5, BEE T Ao/ ZeolHo] gith(ung, 2010). RSUQ]' OBU=

B A& ARE RVE T AF3sh] 98] AHEE, RSUE A AlLHo2HE Bx A& ARE
T3kl OBUZ gty RSUE EaA FE4A A3 Aulz=d RSAO HAA] A& ARE3SITE RSAE
CCTV &2 4302719} 22 A4 A& /8- RSUE Fall Aol AF3ts HAIA FF ol

RSA HA A= o|HIE B} (type Event)s EFstal 9lom HPr S=A] ol Mul2eh #H o|HlE &

42 “people_on_road’ ©]T}.

AA CITS £FS F838t ARA e 79 Bz SE50A ZaL AMHl 2= <Fig 1>3 Zo] I
L 5 B3RS AAstA sh= ‘”‘Oﬂ AAE FhEtel A G HolHE d5sta, 94 HolEs 44
A17] A el iEEl“J WA or Hadn. FAAA /‘MOM—E AEre 44 vlolHE 48] Bzt

Positioning Processor
— Position Information
GPS IMU _l
Service
RTCM ——»| Processing [¢
Vehicle Data Collector Vehicle State Module
CAN Information l
|
ECU Information WAVE
Display
Module Module
3
Traffic Signal Controller Road-Side Unit
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Modul Information »| connection Module
odule
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Traffic Management Center v
- Road-side X
Realtime N Service
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Processing Processin »| Processing
Module 9 Module
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A
Support System
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Detection Controller
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I
Detection Information
Controller
<Fig. 1> Structure diagram of pedestrian collision avoidance warning service
5) V2I : vehicle to infrastructure, =1 Zx|9} 25F 1+ 435 AF3l= B4l 7€
6) RSA : road side alert, 28741
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1) MobileNet

MobileNeV12 CNN(Convolutional Neural Network) ©}7|ElX & Enld =
Al 28 = A AEFsEE mdolth. AA7HA A8 S o] AT Wk
2 XA Jor txHQd 2L VGG, Googlenet, Resnet 5-°] Tk T ©
Arbero] SUkete Lvt AstE = @ilo] AR tebA 20 HgEE 5”3} Rt £5949
&4 $HE M daAo] Uetgten, ol sjdsty] $13k 23}Z MobileNeto] 4% AT, MobileNet
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Convolution)¥} Point-wise Convolution(Channel Convolution)= U014 Aldsh= FZxolt} o] Rde YEQ
o] Bl 71E9 ONNGEANET B S7HeSA)SHAA T, At oF 1/8 ~ 19 A== Sl &7}
Sl THHoword et al., 2017).

MobileNetV2+= 7]Z2] MobileNetol| /] A 5= bottleneck T2 312317] 915+ inverted residual block=
283 R EA ALl STk AAYE BY F AT AAEE VESL A A77F 2080 WEYE
g g&os AT 4 A ¥ Edo|tkSandler et al., 2018).

2) Tiny-YOLO

Tiny-YOLOE YOLO®| HES A F2& JIHE F83HA A4 HAE: dAE &9 oSy mE $&5&
A|&gTE YOLO(You Only Look Once) EE-2 o|v|x] ujo] A9 FF 2
Tiny-YOLO= A& #go] 7ty &£=7 wl¢- e}l Az M7t 7hssiH, 7189 AAE dE 233
Hl sl 28] = =& mAP(mean Average Precision)S HQIth 18|31 A sty 25 o dulkstd &
AL 5ot & A 23 vwstd €48 2 A5 YEdTHRedmond et al., 2018).

3) Pelee

Pelee(Wang et al., 2018):= SSD(Single Shot multibox Detector)(Liu et al., 2016)S 3 23}A]7]31, Backbone
CNNO.Z PeleeNet2 ARE3F A & Rdo|th DenseNet(landola et al., 2014)2 7|Hto 2 {Lr] A& sl
A st utd FAoA HedS Fskr] 213 2HQl PeleeNet> GoogLeNet(Szegedy et al., 2015)
9] Dense LayerE &3 Two-way Dense LayerE, Inception-v4(Szegedy et al., 2017)$} DSOD(Deeply Supervised
Object Detectors)(Shen et al., 2017)%l14] Stem Block 71'd-& A-&3} 243t 20|t} Pelees AMFS E9]
7] $18ke] 38x38 feature mapS ARESFA] 1, SSD T-Z9| Prediction Block Residual Block & AR&-3}11,
Residual Prediction Block®ll 1x1 convolution kernel & AMg§-3te] A4S ST

2ol A 533+ MobileNet, Tiny-YOLO, Pelee £ % ThF3E &3}l dejd Lag]Fo] glon, B =FoA
+ AA 7t 7|8k Bzt SEHA A A2Fe] Bz AE RS AAIRME 73 Ting-YOLOV3
daelFo 2 ARSI

M. oAz Fhele} 714k B3Pz} S5 Ao A 2H)

s s oA FHEE ol gdte walE 2 JYRE AZE A Y| Jdshs BPAE HAEs)a,
V2X BAE 7o g A A AAZICE BYA FE AIE AFste dA e sk R FE

A3 A 2ES Aeet A 2He] Edojs FTRE 771 J4 ARE FE3] 93 JhvEE
P = Al 2ES H83 A FHHetE AHESta, oA FhHEl WA HEE B A
ZA4317] 9% WAVE 4 541 AXE RSUS OBUZ AHE-8HH, B3zt JRE A oA
dE)7] flste] A AWt = ZAAE Ak DI E ARG

A e 1A A2Ee] Fxo| #Hate] 7|Estal, T o] Fole A=l T2 HA o thate] At
A 7€t =5 g

rlr
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<Fig. 2>¢} #Zo] FA =¥ A9} AF f ZX=E FEHT
i A e B3R HES 3 oA Fivigte WAVE 5418 0] 83t WA E A4se RSUR T4
Hot AR siEle 94 JEE J5ste vigerived A4 dEs A dxdE, A4 A
2 B H4E JE WAIAE A3 RSA A2 S8, AAFE WAIAE RSUE ALsle 95 AEFH ]
2 BEE FAHY, 2R JURE Tl AX| o] IR T4 Bt EAsk=A]
B 2y HHE RSUR AFste 7]5S 330 RSUE oA Zirtol| A ojgyl BAl0g dAdx o] B
P2 AE AE HAAE FAG s 97 QEFHo]28 RSA ARIAE ZFste] V2X AHI~E =
V2X AH| 2 $-& 183 WAVE 5418 93} 12735-BSM, WAVE Stack & S22 FAEY, JdRs:
Aol Bez7t & % FH AF A WARE A& A AEste A olth

2HF Ul A= WAVE §4lS o] &3l WAAE 48k OBUSY A A A Bax A4y %
G272 F4EH OBUE StE9o]d 0 2= RSUS 5U3tH, RSUAA AEd A1 WAIAE F4l8t
YA HE ARE B2 A3 F D2 ALt BYPA A3 55 9] BA HAE ARE &
AzA BZE3h= € daEH o], 748 Bz AF AR WAAE 343l = RSA AH|~ §4, RSUR

ol s FAHY, AEE Ao WAAE fAste] At A

i

Of

bt
¢
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Infrastructure Devices

Road-Side Unit(RSU)
V2X Service Application ‘
Y
J2735-BSM(Safety)
IEEQN tﬁ)\éE 156t?);k2~4 v Edge Camera
) - External External RSA Service Pedestrian Video
IEEE 802.11p Interface [« Interface Avplication Detection Sensing
j—————= L WAVE PHY (Ethernet) (Ethernet) PP Algorithm Camera
|
|
|
|
!
| In-Vehicle Devices
|
[ On-Board Unit(OBU)
12V Pedestrian ; .
Detection Info. V2X Service Application ‘
(WAVE Comm.) .
: J2735-BSM(Safety)
|
|
| WAVE Stack - - -
| EEE 802, 1609.2~4 v Pedestrian Warning Alarm Device
: External External RSA Service Alarm
| IEEE 802.11p Interface Interface Avplication Display
e -t WAVE PHY (Ethernet) (Ethernet) PP Module

<Fig. 2> Structure of edge camera—based pedestrian collision avoidance warning system
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2. NAHS| 53 1tH
ASksHE A 28e <Fig 3>3 2ol oA Aol 5T g YUE o] 3tel A HE LmeFo
£ BYAE AEHT, 4% AR RSUR A Agso] Fue o] 438 OBUS ¥3 e 53

.
of XA BEHH.

Edge Camera RSU OBU Alarm Terminal
L . £
Pedestrian . .
edestrian detection message
detected b p 9 - RSA message(J2735) .
Q i RSA message(decoding)
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:‘: RSA message(J2735) ) receiving RSA message
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event | ::
clear , event clear message B
T T T

<Fig. 3> Sequence diagram of pedestrian collision avoidance warning system based on edge camera

Ajkshe A"l Bga A E AR F3sty] et duts 4E AFst dd ¢udE
¢l Tiny-YOLOV3E &3ttt Bax} SEWA A1 Aln| 2o Bagt AAT HESES oA 7hvet 4
AHE7E St dA FhEt AAAE7 = 652 1% AACEIAP, AHDA, LEHfO], I},
‘B ‘H2)E ASSEF HolHE FA4ste] Alsts AFTh WA, oA Yl(ImageNet) A &F7-& Hlo]
EE o] &3l Tiny-YOLOV3E A 53t AHd 85 AAE 27] 7MEAE AHgste] B3a S50
73 Mul~g Jyd 2dS Atk Alsssoll Pascal VOC H o8 Al, COCO HIoJE Al 3 A}
AZgE HolE M ARSI <Fig. 4>+ Ay AF4E A4E 2 F83te] YTEE P waR oA
1920x10809] a4 =9] 7iuet Yo m AAE ASS AHE HAET-

AR 7ivete FEE T RPN E YA, A A)7F HEHW RSUR B2 AE AEE AlF3ch olu,
AA 7iHEke} RSUE OBl ® AAHT B HAE: AR A& AL 4F fXE et F712

2) RSA HIA[X| ME 2HY

AA] Fhe| ol A= wh K Well Al 2427F EAst=AE A& 4
A AEAH FolA Aol e de O 5 W Ao 2 AEsty] flsted RSUR A=
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7l B9l mAIR 9 EFE UehllE AT EH RSUAE HAAS FAlek g7l EFyle] o) ulhgt
A ks Au A 3% A9 Al2EoAE RSA AHIAE ARESE7] 95 RSA WAIA Y-S el
e ZEot oHlE A& Yetlle ZE=E ARSIt $41 A AR AR BArL HAs A &
A2 A AREA 2 B9 A7 AR} nlo]| IR x W] Az ARolth AE U ARE AEH AA
7 F1AE el ZEZA AR AlxHE s Bz d AT 1H3T AE g oHE HR
= AZH AAY Yoo it AREHN BPAp o] Aol ‘BHPATE A Ty, ‘BPT} w9ty Foll
A oeAqQdep, FAd 53 2L Qo] tig ARE ou)dth At AxH s FTRE o] 1Y
A7F EASEATHE AHIEE HE U oMIE FRE AR GEth

AA] Fhdletel WaH B HE GaEjEolr Bt HEEHAS wole HF EFYS RSA WAIA] 2
TE AAsta, HAE o ARE AR ZERE AAS wAIAE ooyl A0 & RSUNIAl HEgit). ofuf
AA] Fhe|eto Ao Bz A& A& duelF A= wet AR Byt A EXF= ALH o
2 AEHA F3p] o] Bt AEE v AESHAUTE FEHE A AR AL TheF 4 AgE
ol BRAt HEHA FS we 37l BYS oHE )4 =g AAs RSUR HAA S HAEdi)

RSUE EPA} FELA] A3 A5l ope} thefet Anlze] tidk A& Fd3th WAVE 5402
Bzt FE A3 AR AFEHI oS FUIHOE Huste], | Aol sl AMHlAE o] 8 JHed
< et 83 RSUE FAIEE wIAIAS 371 BlQloll whetbA] sl date AlulE Fasin, AlRE Al2~E
o)A ALg3H= RSA WAA] ZEZ FAIE wjlE= WAVE 54082 33 2pgko) o]flET} S-S 100ms F7] 2
A& A Aapgieh Ak Al 2"oA e J9RE 79 Yo Byt X3 dEe Anj2=o]Bg oA] 7
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2t HE RSA HIAAE 51T woll= F1 Ahol| Bzt E2Adths WAIAE dupgitt 281 oHET}
FTEHJTE HAAIE A ZHgERE FAS wole FH Ao R WA HES FURt

OBU= WAVE E41 0 2 RSUAA ATsl= wARE AlLs)A 28k 2 218 o) Bzl 25 A A

v 27t A FEEAE FRIgth OBUE FHol AXE RSUAIA g Anj2r) Algd o JTrs 7o Eaﬁ
A7} EAEEA o gk RSA WAIA] 2418 7Ithe] 3, Ry Exjdthes A R7F 931 RSA WAIA|
) g ARE A3 4 Ax|o| A3t} ojw] OBUE RSUdNA Al An}sta 9= RSA HAAE
oty A3 G AAZ WAAE ALEh, RSUZFE FAlEE AR §le ds wAA] d9s F4

73 &5 AA= OBU9 ojtHlo® AZEo JURE FYo Ryt EAdTE ZRE 74l
qaZgeld F& F1E 5% 7o THH, A1 dEs 28 SAAAA FAL AL 4
OBU®I A RSA HIAAE G218, Aol A Go 2 Fo AS 4851, RSA HAA 7} 215 =
S s gge Az

FAIE

T

N
mlru

I-QL ﬂJ[o
2 88 g

ol

Ay

g,

B AolMe Aldkshs Az 7d WS ZEsta, A A2EY] e SHS A A g 2 A

3 A9E Ayt aga vige g A3 dafe] B4 y&E V&t

1. 7

rok

AFshE Al2"e Fds] g st=dol= oA ZhWel RSU, OBU, 41 ¢ AA = FAH oA
FHEhs WielA et s 348 A3 dejd daese TdsloF st2E GPUrt UAH °‘Hﬂ“4‘: -
& Ab8gith RSUS OBUE WAVE B41& 913 A48 74 B4 ZAE A3, RSA AlR|2~7) &
< F83to FaFHUT a8l Ay g AXE HAFE ol A ATHA oz dA de A}ﬁ
H1 e YHTE BE Fo|A Meste] AMESHTE Tl ARSE stEgo]e] A HEE <Table 2>
HAEY T 18I <Fig. 5>= oA 7HHlEl, RSU, OBU 2 2 & AX 2 AR /M 3748 HojZo

<Table 2> Specification of system hardware

Division Device Specification
Modified CPU : Dual Core Denver 2 64vit + Quad Core ARM A57 Complex
Edge Camera GPU : 256 NVIDIA CUDA Core /| NVIDIA Pascal Architecture

NVIDIA Jetson TX2 | p \M : 8GB 128bit LPDDR4

CPU : 400MHz 32Bit Processor
RAM : 512MB

RSU CEST VW300-RSU |y AVE RF Module : 5.855GHz ~ 5.925GHz(Ch 1, 2, 3. 4, 5. 6, 7)
WAVE firmware : IEEE 802.11p / 1609.X, SAE 12735
CPU : 400MHz 32Bit Processor

OBU CEST VW300.0BU | RAM @ 512MB

WAVE RF Module : 5.855GHz ~ 5.925GHz(Ch 1, 2, 3, 4, 5, 6, 7)
WAVE firmware : IEEE 802.11p / 1609.X, SAE J2735

CPU : Quad Core ARM A57 MPCore

Alarm Device NVIDIA Jetson NANO GPU : 128 NVIDIA CUDA Core /| NVIDIA Maxwell Architecture
RAM : 4GB 64bit LPDDR4
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External network area (ethernet) Internal network area (ethernet)

Network Switch

Developer's PC
(Remote, NTP Server)

1
Pedestrian Warning
Alarm Device

<Fig. 5> Network diagram

A PCE oA Fidel, Aa 4% AA], RSU, OBU 5% 97 A&t 259 oA sivetst Ax o3
Ao ATt 571HE A% B AN R *Pﬁﬂt}.

AR Fh gl A BPAE HES Wl A& HEE RSUR A3t <
M= C Aol 7I¥re] e &4 Jod ZH UL Darknetoll Al AE 7]
Light& AME3tH o™, AZEo) AL8E o8] M2 COCOE &83H T, 5 442 Tiny-YOLOV3E AH8-31%
=R Jﬂﬂ‘”ow AA7E AEEE AEH AA Ho] 7oA sy, #d
A RSUZ A5 mjAj#]9] 3|7 E}Y-S RSAZE AAsI, HE AFY A ARE A%t Jgla &
Al TCPIP &7 0.2 RSUE HAIA & HFe s Tt I8a AAR Aol oy AZEHA ¥+
TAE s3] S5t 7HEE #he T ‘Aol AEHA ¥ vlv JMEE S 18 FAAAA JE
#ol 00] =9 ‘Aol e AR WHHESR sl wefd Al o] AZHAS ve JHEE S THAl
Ao 2 HAAste 54 é%T ol AEHA &g Wt o|WE} A HEE SFYTE £, THefo| oHIE
7F A AT HAIAZE AEET] Aol BF 22 oIER 7HEste A ARe HUHOERHA &
o B =EoAM Ay HM: FHEES] 2AFE 1002 A3k

RSU® OBUE GAIoA Algd 25 Wi Hols 74T & oz, AFd AZEJolE IH=E
A3 Tt

73 4P A= OBURRE TCHIP 2402 W45 vAAE #2lste] RSA WAA7} £41E we 3
Hol| &g 593, MA & AT EE FHIAT OBUYA &= OIHﬂEﬂ A &3 B3l iz
< RSA WIAAE AE3ES FAF AU wheba] 3 TAYG oM EwE WA A W59 Ho]E]y
EI7} Ald AT teba FAEE AR 7 o] H e oHIERIA] |22 o|WIERIAE W3] 95k,
A== wAR o] AR BRE glste] o] o] mA|R| e} AZE gho] ThE g0l MER o|HIER IHF3it

sty Yste] A Al 2H)
8 FE3te] 9% YOLO2
1O

7%
z

5

3}

A A A e

1l

HFEH

2. &g 4y

i

AA Fpdeket Fa G AR o] AAAEE SAE HEHH\—‘:— T 71719 ARt F7137F 2asith
Aol M= 7 PCol NTP MM E =F3te] olA| 7hvigkel Ao d& AAIE vz 2722 AH s} 57
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sto g ARE eAFE E0|EF Stk wEoeR F 7)) 3
Clock) FHE ©]&38tA GPS M3te o884 &718tshe= Ui
oj&ste] F7Igkshe WHE Bol AHEH Utk ditHoRE
sfapA|Rh, o] W AL 227t BT THsAdel JlTh

ag]a Ajksle Alz"olAs B AE ARAA 2AFel deE= AT S48 Al oA
FhlEtol A AAE B8k AR Fa &7 AR A mAAE FAlste] e 9= AR AAARE
<= A el d8H= AN EHE Yes ARAY] HA AdAREE

o] AHEE L 3lom, NTP BHd AW S

Fo] AIZE F718LE $I8lAE EAIA (Master
o]
AT W& NTP MHE o] &3l F7|

Ltotal = Linput + ‘Ldeted + Ltmnsmit + Lalarm

_Vg‘
i)
i)

Al
>~

1 Ly 7HERA 853 Qe A Alzgos it 285 AAMIH, Ly,
FAolA AAE HAEdtetl 285e ARt 283 L., T A8 AA ARE B
Agshed 285 E AAAZIN, L, & A1 4T FA A ke HRE 315y <
8% AGARENY Ly Ly AZE WA HolH7F HEH s A AR

19A1%E, CPU A2 AAARE & ZAFE Aol w2t 22kd & AR FAS
F38te] B =FoA A £ wols J85A ¥eth L., A5dle A
+ FPS(frame per second)E ©]-&3¢tth FPS&= 1xo] AE 7Fsd ZHY & YehiH,
10FPSE oS S 1x0) 10719 ZH YL A3tz dte] =y dg A2 5= AIZHE 10fps/1,000msE A
A g 9leH, 100ms 712 shte] ZHUS AHed + Aok & Aok

wetA B =EddAe ARt AEH S WiEE ARG A3 G AA A By AE AR
7 22 Ao AR 3o AHE ol 83k Ly AE €adFe] PSS A5l Wk

Lyrea W34S @02 AA AAAZES AL

42
rlo
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fru
o ne
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3. M3 FM Y 2N

1) Lirea T8 E2

B =EAAE L5 FH37] st oA shvgte] ARE ME F4E YYOE 3t 103 A3}
Ak AME F4L MPEG4 video(H264) UF Elo|H, A A7 108, SIF=E 960x540, ZH Y &
29.97fps, HIE&L 6,988kbps, Y Z7]= 508MBOIth 24 A= <Table 3>3 2t} =4 A%=Z 1, ©
4 194fps, At 41.8fps, F 36.17fps0I™, °]= ms T2 IS wl= Ha oF 2427Ims, Ho oF
42918ms, He °F 27.65ImsYS & 4 Utk

<Table 3> Frame rate of detection algorithm(fps)

1 2 3 4 5 6 7 8 9 10
min 225 195 194 23.1 199 224 228 213 19.7 233
max 41.6 41.7 41.7 41.7 41.8 41.6 41.6 41.7 41.6 412
avg 36.1 372 35.7 36.1 358 36.6 36.6 35.7 36.0 359
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2 L

transmit =

Lynsmir e 2783171 918t A gt A AAE AEE o I NS AR FobA A &g %
A2 By, A3 4 AR s BPAT AEEAS W AREE o] &ste] AE AAAE S
OJHIET} FAE = A¢E TR G2 AAANE AT AS AdSh L, B4 10%E BFF
o ME G4e Yoz shof 108 ZAHSYOM, 1 AT <Table 459} 2o} 24 Az [, = F
2= 32.069ms, H U 96.143ms, HT 47.928msYS & 4 UTh
<Table 4> Transmission delay time(ms)

1 2 3 4 5 6 7 8 9 10

min 32.069 40.777 42.799 41.849 42278 41.288 39.594 39.771 39.523 41.417
max 76.986 86.724 96.143 65.587 69.056 58.452 87.128 86.878 68.374 85.556
avg 41.022 48.811 50.819 49.709 49.403 47.826 47.301 47.536 47.558 49.299

A ARE vEoE AT Brhe oo F8(worst case) e Ok SHEE, L, % Ly WS A
Y 392 F7atk L,,,,o ARG 42918msolH, Z,,. .9 HAFE 96.143ms0] B2, A Ax}o] A
FHote] 43 wo] HA AAAES 139.061mse]Th

Ju AT S aBE wie AgeA AMEE AE
= 33.333msiet shuke] ZH o] d¥HH, L, © 271 s 3 A
o] Y == M7} FAF] AAE APl AAAR] ¥ AQHTHE AE T ojok g} YnkE o
2 AARLE 183 A A nEgdMe R ZYdS AsiA ¥1 AF Al
o] A Zyde AduH s Agste T Y 230 AHSHT <Fig. 6> A7 Aol A Hote dgel A
of AAAITE F£AE o] g3t ¥4 dEH AE LdaeFY 428 At g dAIE YeRd ot} o
O89S AHEE n frameo] YEE W A HE L1 o] FHHUTGY, ntl frameS FA BT 7} 5

n frame n+1 frame n+2 frame n+3 frame

¢ 33.333ms L 33.333ms l 33.333ms }
B S— ;

|
42.918ms ! 42 91|8ms

|

»i

t Pt
|

|

[

|

!

'

|
|
|
| 23.748ms | 19.17ms |
<—>,<—>.

-z

time
————————— video input

——mm e detection

<Fig. 6> Example of time required for image input and detection algorithm
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H A A 9585ms Hol HE uE)ES F3E & Utk kA ntl framed] FF FS5oA AE0] s
HE oF 52.503ms7F 2890k 283 whekel] n+27) Y EY] AR AE g1nE|Eo] FHT 7HA
M, n+1o] AE SFEE77HA = F 76.251ms(33.333ms + 42.918ms)7} AR F T},

ueta] Aoz o] YdEEE AN HEAA) AFOE ADH dge FAIAE
172.394ms7} AR5 W, CITS EFA 27381 e 300ms oW E2 B3Pz HAEA3r) AgdE ¢ Jdos
Ae & & Stk

B Rl RaA 5 A1 Azdolx Jhreae] RAAE AEE AHA JBrE
A AR Bt AEHS Bl AAATE Zol 1 AT
de 7

7189 BYA FEWA A2 A2 AR Azds B4 2R o] A8 R sk, B A& A2
W3 V2X Ml A2ES AXAM RSUR A AR7F ASEE 8 Be ARt 20280 RyA 4E &
W ES oF Bmse] AN DA A Aol A FA wrh DA A depdoh Ty vES)

2] B4 AQARE A oF 100ms7H ALEE B YR0m, G EFHE AT o 3% AR &
25E A8 ST ARHOE FF SAYE AAE 24 GPUAA A7) dEe] gultis A
2o ALEEE GPURTH B4 & 4% BUS QAT VES D] BA A} 3¢ ¢F Aol A
S F7ksb) dgol 712 HAA FEYA F3 A2HE CITS F2)H FHnsye] 23t 24
T A5 el Aol 300ms ool BAAF EAFE ALY + YT AT 2S DES Rk
AR Az AN A5 JYE YFID, A W$E Fob] s} 24 JF %2
< JA Fhegtell A s, oA Ziletel RSUE olHylo® 2 AZAFo =N UEA HE 7

e ALHAR, A AN G YTl SR #131e] GRU /i) QYIS s A8t
9, AeE BAH B4 2AQ) RSUS OBUE WAVE HEg £8as 44 HES AEa9T. 43 A3
o BN Bl A AL A oF 172304me] ARAGO] 205 B, Sk AT ALY
Hopel Faol A £85E AdAZr] CITS EROIA AN Y LTSS A BEs gonz
HAE $§3% V5T £ ABUS
AAOR Gt F& ATE F

Aol 28T oot
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