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Adaptive Counting Line Detection for Traffic Analysis in CCTV
Videos
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Abstract

Recently, with the rapid development of image recognition technology, the demand for object analysis in road CCTV videos is
increasing. In this paper, we propose a method that can adaptively find the counting line for traffic analysis in road CCTV videos.
First, vehicles on the road are detected, and the corresponding positions of the detected vehicles are modeled as the
two-dimensional pointwise Gaussian map. The paths of vehicles are estimated by accumulating pointwise Gaussian maps on
successive video frames. Then, we apply clustering and linear regression to the accumulated Gaussian map to find the principal
direction of the road, which is highly relevant to the counting line. Experimental results show that the proposed method for
detecting the counting line is effective in various situations.

Keyword : Image Recognition, Traffic Analysis, CCTV Videos, Counting Line

a) A=ty A7) A AF 8 (Department of Electrical and Electronic Engineering, Konkuk University)
b) =t E g BAF D At o] B ¥4l El(Research Data Sharing Center, Korea Institute of Science and Technology Information)
¥ Corresponding Author : 7¢(Wonjun Kim)

E-mail: wonjkim@konkuk.ac.kr

Tel: +82-2-450-3396

ORCID:https://orcid.org/0000-0001-5121-5931
#E QATE A EHRAFAKIST) Arulol8 T FAAA FEHEK-19-L01-C03)y A 9] AT 33 AdUch
# This research was supported by an R&D project ‘Establishing a System for Sharing and Disseminating Research Data(K-19-L01-C03)’ of Korea

Institute of Science and Technology(KISTI), Korea.
- Manuscript received September 11, 2019; Revised November 21, 2019; Accepted November 21, 2019.
Copyright © 2020 Korean Institute of Broadcast and Media Engineers. All rights reserved.

“This is an Open-Access article distributed under the terms of the Creative Commons BY-NC-ND (http://creativecommons.org/licenses/by-nc-nd/3.0) which
permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited and not altered.”



A4 9] 59 CCTVEA U 5 BAL 98 H3d A5 A% W 49
(Hyeonseok Jung et al.: Adaptive Counting Line Detection for Trafﬁc Analysis in CCTV Videos)

.M E 19 1(@)¢h (b)oll FERHSTE 24 H Folo] v F3A
= AFHeR *F&O}ﬂ] HH 18 1(a)2h 2ol =29 §
A58 W%E Al2H(Intelligent Transportation System) Bl 7} et Aol A7 Q1o 19 1(b)SF o] =
off, =2 aF wopl AR ARFA e HEds o E27H g £0 8 A¢AHA e Afole 4 2Hdo] 7
F AT A A S FEATIE Al ghe] AbzE ol EAsAl ok wEbA 19 1(0)oAM &=
95wtk G vlelEle S 9 9 1Y 719 54 T A%l G AdE T3l Ate A Al 3
el wel, A5 wE AL"] oY 84 T ER © AT B F Stk o] A9 A fl8) CCTVH}
W CCTVYEs 538 W T4 Bgh &3] AF=a o 7 AT EolE tEA AAstookslEE, 54
Atk B2 WE CCTVEE= 53l B2 9 W59 352 Folg AfAoR dAAste WS gt #7d fs)
o Fate] AR W AT E vHEAY 93] AR A dFH o7 AL F glrhe o] vk 71 s g
BHE A¥ste % £38 29 F L, AF T/ ¥ g, 2 =gl e CCTVY gl e °] Fefel
A A FEE Qs AT S 9k B HEAt wel AL 71879 Ho|E A& o = ol 4 9)
E 9k P9 E HAEste] g kS i A¥E vEe = WHE ARk
T Fe o188 s 749 28 Wele vl Hrk o)y B =29 A4S v 2ok 23 e A AEe
g 4 I 2 S HA8 CCTVERS ol&stel iL o) gafo] 2o o) ARE HHE WS 28y,
53E S4se P 18 #E38] drso] gl 7 o} 7o 3] 8K Clustering) 2 A& 3]7](Linear Regression)
T AFENME AF5F S H3 CCTVRd Wl == £ A&t 2] Fejoll BtA A3A o E A Al
91l 7H¢e] A14d(Counting Line)s 5 2E AA st S AET F e S Atk 22 3 s B
WA S ARESEATE Al 3 A Al9(Counting) =R AotslE e AY Ay @ o wE AT
at7] sl AREEHE G W 7P Mo R, A HEH H71E AABIGLH, viA O Z 4= B =5 Z
BE 7)es ol&ate] A& Akl o] AFAS et 25 get
A =W g AlgsiAl vk ey o] WA g et
E2 5 vt e Zed] wh Abgo] ddo] FEoE A
TS AR okt WARR ] A, B34S 2 3] Il. Hotst= HiH
NMe= 28] dR7E FerE = FAHC ATHTE 1(c)
x) & E=wollA AgkelE W2 B2 wE CCTVE/dol &
CCTVYA<s &3l A5se tHadd =29 JHE ARE W, WA T CCTVE el A%e 2 Aol

T2 1. CCTVEA| LiEk 20 SEl. (a) 8t ZOZ AR Q2 HEY (b) 3 ZOZ 2|22 HEY (o) B BOZ X192 HEHe] =20
2L T2 AM)0| BE A EBSK| Fats B9 01 5 A

Fig. 1. The shape of the road in CCTV videos. (a) Normal case (b) Partially occluded cases (c) An example where the horizontal
counting line (yellow line) cannot cover all lanes (the rightmost lane)
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Fig. 2. Overall procedure of the proposed method
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(c)
FOIT CCTVEAOIIM A2k HES 0|2310] 75 JIPAlet A= Wdsk= 2. (a)
H) (c) Y 1A R=(PGM (z,y)) (d) TH TIRAIE XIZ(AGM(2,y))
Fig. 3. The procedure of generating accumulated Gaussian map using vehicle detection in a given CCTV video. (a) Input CCTV
video (b) Vehicle detection result (blue dots) (c) Pointwise Gaussian map(PGM'(z,y)) (d) Accumulated Gaussian map(AGM(x,y))
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Fig. 4. The procedure of applying clustering and linear regression to a given accumulated Gaussian map. (a) Accumulated Gaussian
map (b) Binarization of the accumulated Gaussian map (c) The result of clustering (d) Visualization of lines obtained by applying
linear regression to each cluster
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A

(d) HofH HTMS = CCTVIEA S0 AlZsist 2
Fig. 6. The procedure of finding the line (blue line) that represents the principal direction of the road and the counting line (yellow line) using
the linear regression results and the accumulated Gaussian map. (a) The results of linear regression after removing small, uncorrelated clusters
(b) The line that represents the principal direction of the road (c) The counting line obtained from the principal direction of the road (d) Visualization
of the obtained counting line overlaid on the given CCTV video
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Table 1. Performance comparison of the fixed-height horizontal line and proposed method

Fixed-height horizontal line
Method Proposed
1/5 of the height | 2/5 of the height | 3/5 of the height | 4/5 of the height | 5/5 of the height
Accuracy (%) 40.45% 81.64% 93.30% 92.06% 85.36% 96.03%
F 2. CCTVYA Wl E=27} & oz Xl 20| thel DAE =0| g2 ARSSH 8 Al dieksh 2ol M Hlm
Table 2. Performance comparison of the fixed-height horizontal line and proposed method for partially occluded road
Fixed-height horizontal line
Method Proposed
1/5 of the height | 2/5 of the height | 3/5 of the height | 4/5 of the height | 5/5 of the height
Accuracy (%) 36.08% 84.18% 91.14% 86.08% 72.15% 96.84%
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Fig. 7. The examples of the counting line obtained by applying proposed method to various CCTV videos
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