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Abstract

With the rapid increase of vehicles, various traffic problems, e.g., car crashes, traffic congestions, etc, frequently occur in the
road environment of the urban area. To overcome such traffic problems, intelligent transportation systems have been developed
with a traffic flow analysis. The traffic flow, which can be estimated by the vehicle counting scheme, plays an important role to
manage and control the urban traffic. In this paper, we propose a novel vehicle counting method based on predicted centers of
each lane. Specifically, the centers of each lane are detected by using the accumulated movement of vehicles and its filtered
responses. The number of vehicles, which pass through extracted centers, is counted by checking the closest trajectories of the

corresponding vehicles. Various experimental results on road CCTV videos demonstrate that the proposed method is effective for
vehicle counting.

Keyword : traffic flow analysis, vehicle counting, centers of each lane, trajectories of vehicles, intelligent transportation
systems
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Fig. 1. Result of lane detection using VPGNet[9] (a) Driving environments (b) CCTV environments
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period is exploited for finding the closest lane with each vehicle
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Fig. 5. Results of the center detection (a) Case of smooth flow. (b) Case of traffic congestion. (c) Case of Complex road form

WS Aok WA, A2 F9 A4 420 Bew 9%
9 NEE FF37] 8 U AUE B9 20
CCTV $4:& A1 BAsg0m, w4

¥R e
)
Ll
_;
Hir
o
®
S
Ry
™

9
>
N\
e
i
>
fo
o fIf
o
)
i
i
=
0
Ng
m
e
i
_);1_5
of
=
i3
=

=3
ZE|(Moving Average Filter)E ©]-8-3} —ir%% Ak Al
o5 AAT

B 1 kif/?
S.=— S, (2)
g N S|

A714 59 S= AAE A5} 9B NSE
NE o)E=HF FE ) 7|2 Vel ks 3233 A9
¥

N5 2 AR vt AR R B2 FF A7
£ AR 9AY N5 Wekgo] PoIH SO vl
WREL AVTFORM AFU I 45t st 47 A

e 9 AR 5 03 28 A B8
= e 3_7]7} 1091

BN 29 0 AERE oA ol AP 2
Holn A2H FQ Aol TG A7 vl B3l
b olele #5402 e das A vl 29 209
oE WS WA A9 oF YU A 98

c
>
o 1o O o A rlt we -y

EE
o] ID(Identification)E f+A|5le] SEA G| o5 &
Ak 1207 448 DS Ao 7t e o)d 914
Al A7 vwste] Aol AHS FHAT A 5
e kel AR 94 o 34 A4S BARE Al
o 4 (3% EA ZARH 7 He ARE Lo EA
z59r)
C = argmin | L,— P| ? (3)
o714 L3 P 247 AEE A A 919 wat
Aol 9A1E oJujshel, Heby o= 298 He) WEE

Sjel gk, w3, AQksHs WY e F4H
A4S /10T RTY WE YIS 54

L A2 Ade) 4EE e 4ol

AN (z,y,) o (2,y,) = A2 2 AH 2 Al 5



88 HrE 3= A5 AlS, 20209 1€

(IBE Vol. 25, No. 1, January 2020)

T2l 6. K| FN 7|£2 0/83 M2 SN BX Y (1) A A LTI, (b) HF 2T

S oo

Fig. 6. The process of vehicle counting using object tracking (a) The algorithm of vehicle counting. (b) result

Ae) Frolth, B =Rl A A% AR AL 20 =2l
vk 27181, 19 62 Fal Ak A BAY 5
4 H4S R

2

[\

M

. 4 ~

o

A o

A

& =RollAE Akt
EQBAHNAN AlFsh= 52709 CCTV 7z 299
GAHNG A3 tE Aol AFE3E PSS 320x240
s8] A715 7 s 99, W AS, Ae g7] 59
ohersh W 4 oY 7 B2 YJEE s
Alstsle WHS Python® 2 T3 oM, i7-6850K@
3.60GHz CPU$} NVIDIA GTX Titan X(Pascal) GPUS A}
stk

el A5HE 8 AL

Al

1. A28 ¢ XM H2E o

i

21

M

Arete A2E ¢ AR AE e TS A
27 g8, £ =gele RN, wiAg AAN A% A
A 7k AA) AE g o4 HE 4RSS v
gtk A% B7F AR E A8 S (Recall), 42 = (Preci-
sion), Fl-scoreE AHE-3l o™, thaa} 7Fo] AXbe 5 9l
=3

TP
Recall = TN ®)
TP
Precision = TP+ P’ (6)

Precision X Recall
F1=score =2 Precision + Recall (0

&]7]4] TP(True Positive)i= 2 A 7}},_1 HAES 20 7 o
53l 7%, FP(False Positive)= A AR Ags 3
o o]

o &3t 7%, FN(False Negatwe)—?_’— AA el A

T 1. =08 HiZ IO AR AlZ4ar J|HE ZHE| Z4E aiiS 0|25 X2 £ XM £2M ZIF M H|D (32t 81)

Table 1. Performance comparison of center detection results using optical flow[15], background subtraction™!'”!, deep neural network

based object detection""

Method Optical flow based!' Background subtraction based!"®l'”] Proposed method
Recall 0.7488 0.8204 0.9594

Precision 0.5324 0.5740 0.8494

F1-score 0.6223 0.6754 0.9044
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Fig. 7. Examples of the lane center detection (a) Lane center detection using optical flow. (b) Lane center detection using background subtraction.
(c) Lane center detection using deep neural network based object detection
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Table 2. Performance of the proposed vehicle counting method A-1.
Straight road form(left to right) A-2. Straight roadform(right to left) A.
Straight road form B. Complex road form

Group A-1 A-2 A B Total

Recall 0.8828 0.8808 0.8820 0.6615 0.8710

Precision | 0.9079 0.8729 0.8942 0.9556 0.8973

F1-score | 0.8960 0.8768 0.8881 0.7818 0.8840
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Table 3. Performance comparison of center detection results (night
time). A-1. Straight road form(left to right) A-2. Straight road form(right
to left) A. Straight road form B. Complex road form

Group A-1 A-2 A B Total

Recall 0.7260 0.7483 0.7350 0.3333 | 0.7038

Precision | 0.8689 0.8661 0.8677 0.7778 | 0.8634

F1-score | 0.7910 0.8029 0.7959 0.4666 | 0.7755
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