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ABSTRACT

This paper relates to the development of CCTV camera posture calibration algorithm that can
simultaneously collect traffic information such as traffic volume and speed in the state of view of
the CCTV camera set for traffic monitoring. The developed autonomous posture calibration algorithm
uses vehicle recognition and tracking techniques to identify the road, and automatically determines

Received 5 July 2022 the angle of view for the operator’s traffic surveillance and traffic information collection. To verify
Revised 15 July 2022 the performance of the proposed algorithm, a CCTV installed on site was used, and the results of
Accepted 28 October 2022 the angle of view automatically calculated by the autonomous posture calibration algorithm for the

angle of view set for traffic surveillance and traffic information collection were compared.
(© 2023. The Korea Institute of

Intelligent Transport Systems. All
rights reserved. recognition and tracking techniques
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CCTVE 7Hte2 WA REE w337 97t 271 A7elA e A4 AAIY A BHd A7} +3
HAAL o] F HA HAFYY A BET A7 AP on, Hole Hd FEEES o8
E24E ¥d A9 JgE L v

+ LEHE FHAAANA HH AAGH S A AT e Bl FFHA7
g AAsta, aFAE FHe fdl AAIY e st A A A= o] wik(occlusion) S 3 481817

Lee(1998)= F3AA71e] AAYH & A5 A3 98 E2E Fdste 2AFe O, 5, &2 73}
Yo s magsn, 7] AX ol B2 ¢x|d w2 PayTilte] 2% wet QAFAE 9 At
wito] HATF He 7&%]“30—%—% ANEH S Tl AAske THE AASE o] ATE H5 wEEe
U 4E 5o IR FE “wFF HAE AT HIHFA 71eH7P HFE A (Minge et al., 2010)9]
Aol A AT 5 Atk Ty o] AFelA HH AAYGES AAsHE PanfTilte] F4 2=+ A
Al =} Qa7 wAS R ofel Zoomol| o3 817} w3k Al EH ol Aol XA = A A
o} o]9] Lee et al.(2002)2 CCTV ZHu|E}e] Pan/Tilt/Zoome] 542 E§5t= oA =
ol A7gstar, CCTV Zhrletell Al A3 AAje] Fdelx AAFYY HfxRA RS Fdsta B3] 9
3 Bk Aol A olnAE BYste] F /e o|w|AE vt HAFY HxEG oAE ALt E E
A 3l S AEtgh ol o] AT Pan/Tilt 2= W3l tisiM s FHE o3

T+ Zoomol| ©J3F @Atol| thaljA= ARG FH wEE BA stojof sk A|ofo] wWET

2) XY RS

o=20

HA AANYY AR BEG AFdAE AT T2 Foll AAFH S AFEASE Zo] olfgte &
Aol R4 ol#dt EAHE FE3] Y8 KICTR0IDE RERFRE =S o 94 7hvg
(Thermal Infrared Camera)E ©]-83t] HAZFC 2 HA AAYH S A58 ot daeFS Abenh

°l A= AAGYG S 7189 2P FHo 2 AAst= B4 th2A A4 (Detection Line)THO- 2
T ZE3] AAE & A stHeH, JAFAR F A g wihs HAa3E F e AADYYL Aol
AN S FHH AANE TS 3ol FAANI| L 73 JFAE HHTE olFAA T4 I uH
I FAGY 7] HlaE B8 AAE AALYGES Ae2A sk HEE AASGH o] $uEEFS 52
Sk AA AFE o2 LS HASE Qe AAGY S AAATE SHS AAL HEE
T e §Ao] Aok 2A R A2 71 Wit WIETt v E Ave AAEY AsEAd AT F Ao
= FARS Adh
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Bewley et al.(2016)3} Nicolai et al.(2017), Zhengxia et al.(2019)= HH Y= 7|HtO R 3= AA AR ZdE
< 194 32 29 AE7|2 FEsta vk 9Yd s o) 83 AAHA mde A AA e A& &/,
831 Bounding Box Regressions & ¥ol sh= A3t 1944 A Z7](One-stage Detector)e} Ao gt ¢
= X9 FH(proposals)ES AEg & A& EF(Classification)st1, &3t vl-2d W2g F317] 93]
Bounding Box Regressions G33te] AZEste 204 & vl HZE7](Two-stage, Multi-stage Detector) =
TE3IT<Fig. 1 F3>.

19 AE7]= olr A4 53 2719 18R L]r"rcﬁ ASH AA 9] vEE Mg A EE 4
Z3to] uled "rrolA AAE 7@%]&”4 A 9] 7Z&3 £, Bounding box regressione g Mol $=3)35}7]
ol WEA g £ e vl ASEE ta otk A9 RdE2E YOLO, SSD, Retina-Net,
Focal Loss, DefinDet 5©°] At}

20A B OeA AE7E 29AE Yol AAE Adste RO EA, A WA dA= F9 At UE
$] F(Region Proposal Networks, RPN)E ©]-835td /A& 2&3 7Msio] e AAY 78 IA £ TR
(Proposals) & 243, 5 HA| DAl SHEZRE AAE E7F3F3 Bounding Box RegressionS 43 $H}.
AAE AA = 29A41Y] JA& FHSFERE AlZto] Wol AQFHARE A =r} o) thEHQ] RdEE
RCNN, VGGNet, Fast RCNN, Faster RCNN, Resnet, FCFN, DenseNet, Mask RCNN 5°] ]t}

N

55D (W Liv Retina-Net
t al-16 T. ¥ Lin et al-17
YOLO (1. Redmon ,=toF26) )

et al-16,17) // / One-stage
/ ,f dnlcturh

2014 2015 2016 2017 2018 2019

2014 2015 2006 2017 2018 2019

Y \ )
RCNN \ \\ \ Two-stage
(R. Girshick et al-14)  spppyes \ detector

(K. He et al-14)

Fast RCNN -
(R. Girshick-15) \\ \
Faster RCNN Pyramid Networks
(5. Ren et al-15) {T. ¥. Lin et al-17)

<Fig. 1> Object detection method milestone(6)
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<Fig. 2> CCTV camera posture control procedure
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4 T8t of ek, EEol=
apFo] EAGT FAlO AFFHIF EX 50| fitks Ao
E4olth. o] e EAS Tl AFES AR st FHE 5 e e AAstE LA A
3lzte] Fobd ) Aol YA ¢ Y2 AASIa, CCTV 7HS o] &3to] $FAe] wEHA7} &0]3
3ztat EAo] nEAR 7ol 7} 3k CCTV AHAA| 01 <Fig. 2>9} 2 A2 73
<Fig. 2> 7hilgte] JH3H S S35 d2id ZH(YOLO v4)o] AA| 128 835t Qa8 ke #14
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= = =

7102 AFY olF AAe FAANA TE ARtk AF AXHA EaugFS o]8dt] VIM BT
b3 VIMo] A EE A3 1 a2 2 v 2

o AE Aol VIMe] A&H 02 Hgo] BAYT VIME B4 -
WY &% OPPOT Sl TS VIMO H G5, A%] A5 A48 Aol ZAZ u) VMol A
g8t Ao 2L FAsts Adle] DE 7E0R o Zadls WAl Zesle] B Folg of
golo) $E8 FHaT

o AAD Ao 2/ Aol o3 BRUstel VIM AH A BT ARAES A
Azo] P AAE Aol FAL 1E0R AWT WA Ao ARAEA FHAA VIME
B

o AR FolA HZEE AH Axrt Y= WA= BET AAAE A -
VIMO] 23 o]F Wk AR ZHE Agxog VviIMS AA3t 5 DE Hx YA Add A
A YA A AR ZH YL HAE o] F= ALERYH olF WIS FAsIA ALt A o)F
Zt=E <Fig. 3>3} o] s AA| Q] o] A=} 225~315 B 45~135 Alolo] EA5HE A= W o
A AHE Aoz YAd.

w71

<Fig. 3> Vehicle trajectory selection angle by direction
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2. 78 HEYA(Effective Trajectory Region)lt A SAE HAt

5 #1299 (Effective Trajectory Region, ETR)S VIMOIA F2 12 ztol A AAF: o<l Fanto
2 o]Folx & oJulEtH, PanTilt AAANH AA | AH&gTh =3+ 7huet A4 o] 5e] Fad A 7%
A AAARY] FA AL AR AA AR A HAZ sl TAE = EAAT A SAA
Arks A E7] st 2 JAe tigk viMe F3& ARGk Jted FA %)ﬁ]’@-% Arete] o]-g7i.
A()E 22 FelA VIM @] FAFES Tshe F40la, A)e AA F2F VIM ghell thgk 23k B

4ol g4 A Tk SAHES Addste F4olth <Fig. 4> (@ VIMES YERd Zloli, b= 98 4

[e)

4o VIMS} (1) 2 H@QF o185e] 73 ETRY) FHE EAF Bgolth

<Fig. 4> (a) Creation of Vehicle Trajectory Map <Fig. 4> (p) Compositing the original image with
VTM and ETR
qmss ;Uuzj VT]I[ 7y ............................................................................................ (1)

ETR = Effective Trajectory Region
VITM = Vehicle Trajectory Map

w h w h
E E (n s VIM(n,m)) Z E (m » VIM(n,m))

U — n=0m=0 R=0M=0 N e
) = (P T ) @
z,y = Centroid of Pizels
VIM = Vehicle Trajectory Map
ETR

gross
3. & HX HA(Effective Trajectory Region)at FH SAA HAt

Pan/Tilt A|OJA A2 @ =20 2 550 sjdsts wedol uet 7Pz o= dAHn, F 712 W
o= AR A WA Ao A2 HA Fhviet stz Ao g ETR 942 A vl& Ol dA A
ol Aol ZAskH, F WA Al 2L A MA 21 R AR 3HA0] 4 o]
& AEHE A5 vE A Z2A HAR PanfTilt AAE SFt=S ek F UA Xﬂ‘ﬂ*]’@. A

(o)
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fIgt CCTV Ftoil2t At2Atd 28 La|F 4ol
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FH et Age AAEA Xshe s 7HAE fAY Aol A HA Ao AR A o2 E AofA
A& AARsA Fahe A5 g Egoltt Ao F4 o]Fo= VIME EF Z7|31d T Pay/Tilt ©|
& Alolgte 7hvet 3k2ke] S ETR 7He FA A A 7t2/AE g4 2ol & 7]|F S E <Table 1>
3} o] Zoom 2Flol st G| Pay/Tilt-Z A w3 E|o]E2FE 4HE3HT}. <Table 1>9] Pan-Pixel w3
% 2 Tilt-Pixel vS3%k-S Pan/Tilt ZHzholl tish A o) FAlo] ©old A2 4l 317to] 5 2 =7 W9
(displacement) S A T2 BHS Zo|H, Zoom Hi&ol wel AHAE o]gsle] FASHTH

o

>

<Table 1> Pan/Tilt-Pixel mapping table according to zoom magnification

Zoom Magnification Pan-Pixel Mapping Value Tilt-Pixel Mapping Value
5x 18 16
10x 36 32
15x 50 44
20x 66 58
25x 82 72

4. S& AOIE AlE Znt

ARkt et Abs AAAY] dag)Es AFs] 8l B AT s AoAH dAGE 1002 A
atal, AN HAGE 20022 AR <Fig. 5>9F 2ol 2021d 1€ A IEAAE AE Ao E A
53 2 ARE SR8 H84 AEE ST o oA Aol 4 E29 A7 55 s
WEF wEt AGE 7P o g A=, A HYE Y8 1002 A A5 FV|E 1B
AANE 2475 20022 AAE YT CCTV PTZ Eglo]| BE 1A FRAS A3t oH, S48 AR
B T2 a0 pTZ FHEl AloE BA0Z CCTV AHdolA de] ALEEE Pelco-D ZEEZS
ol g3t 27 BAIOE YA Aojstyr)

<Fig. 6> HZEAO|EQl nFALAR Q] 49302 ¢Jo A

e o] Bk AERRE Ae] 58
2 Ao TP AW 2L AT AHAZVIM 2 FE 94

g AAHIGETR) N w2t A AA|A o7}

Camera Housing

b CENTER

vy

( Incident Detection System J

Dual Camera:
Thermal/Normal Image

PT Drive Module

Field Control Box
(Local Controller)

Autonomous Camera
Posture Control

t

[Camera system schematic concept]
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A3 N A e 2ES Aolnt

[Vehicle Trajectory Map] [Origin and ETR Weighted center gravity] [Pan/Tilt control result]

SIIIIIS %
. /’IIIII;I \ B

4% 24
o 557t
138 VDSS} MEFOEH HEHAE S, £, 48 HIHE AR Ao A A
¥ wAze] HAE CCIVE ol &3] H/HE +USHom, CCTV 3H2kel SAHE A4 294 o3 &
b BHE 20T NYS WA BEYRY AHE Wik TS A5B7} 12wt BAE 5
Patgom, Ay B BANE 4 () L 4 @t 2k

Accuracy(%) — 100(%) — MAPE eveeveevesmsttiiiiiiiiiiiiiiiii s (3)

Vol.22 No.1(2023. 2) The Journal of The Korea Institute of Intelligent Transport Systems 123



DEYE 7 L ZA| SAIRES 2% CCTV 7i2l AeXtM B 2D2|E sfwol st A7
1 & | T— X,
MAPEG) = EITUT000 @
i=1 i

W, MAPE = B4 A QAN ES

Y, = il A) A9 AIRE (54) €] 7= 7k

X, = 1A B4 9 AR (5 ) o S %k

n= AT AT

7120 et zmou ol

919 A3)H e B FEAERIA Qe 2R ERL ITS 45
+ W7yl sl al
A

T oR 43)9] ARt 5Y e I ARE 008 H gk 1Y &3t
£59] J1ERe 47 5B w92 249 AT P AR AT 58 4EWTY %S ’“%OP%"
w, 71#gke] S4L 712 AWrtE B9 A%E vDsel jsiA 248 ghe 71—@ 2 A}%o}ﬁu}

B 93 ABE AV P9 TEAAR Y HERE g

o=
bl AT A 5EeE

}g ol gatth wEHRS Y= A% 27 e
AT FA0l 2ol WEYT &xo) P} FYSAT YL 37}6}71 S15ke] CCTV 917 %713}
— ¢ B2ty - A3 87t 2 - N4 Wk L F 503 MR APE Fon 45u
% A= <Table 2> 2 <Table 3>3} 2o}
<Table 2> Consistency evaluation result of CCTV camera angle of view
Category Excellent Fair Poor
Consistency of angle of view 88%(44) 8%(4) 4%(2)
<Table 3> Accuracy evaluation result of traffic data
Category Traffic Volume Vehicle Speed
Accuracy of Day Time 97% 96%
traffic data Night Time 95% 94%
V.2 &

2 e $9A BEAY A9 REAR £33 BA6 £YT & e CCTV A AAIA )
S EE AdSAT A dagEFLE Helds o83ty AFE A 9 FH3ta, AFF A-HAZ(VIM)
o AL B3l FE AFIYYEIR)S AAsHH, T4H vlug B3 7ivete] A-HE-F& A5t HF
s}7k¢ AR

ARt A dagEol o3 2AE A &GAY A st Fe] IR FA St A
ol F47 Whe B sYRom 2HH stos +YE wEYRe AHES TS B Fo wet
T H AT s17he] YL 96%ClH, wEHRY FAEE wFHY &5 o] disiA F3t
% ot B 96%, 95%2] AHEE HATE B AFAE AUAA w2 YOLO wiE H g ot
5ol $48 malg ABSHE A9E JI40) O% PAE £ Joue AY Mg SR B AT 2
o] 24 FEAHL FEI 7IUT F UL Aoz FAukdt) gl YA XS A 2oz
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Y Y LA ARG S /S CCTV FHl2l AHeXtd 28 Z2|F 71 2o 2st o7
S271 gzt FHg dEEHe A4 EFA AAEIH wFAE UGS T 4 YoM 3 F
o2 F=E AAsts Edo] A8EA gyl #AS o2 AHnt ol AL I Ar)Est
& E 9 (Reinforcement learning model) 719+ 7hvg} AEA|o] 5o T& AFE Bl ANHE A& A=

7|thE ot

W B SN A SuelZe] o) A A% 2GAT HEFHE CCTV a3t 9AY 5
o Ao tie DA A% e AEL o ATl WAR dgkon), B ek AnAel 37} 2
AZE 918 AR /1M g 5 TR A Yebo] BaT Ao BedAn
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