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vehicle tracking and identification. However, the traditional vehicle detection algorithms cannot effec-
tively maintain a balance between accuracy and real-time performance. In this paper, a new moving
vehicle detection algorithm based on improved adaptive pixel segmentation is proposed. The initial
background model is established based on multi frame interval image, and an evaluation method of
background region change is proposed based on the spatio-temporal variation degree. Based on this, an
adaptive updating strategy of learning rate is formulated. By setting a trust interval, whether the cur-
rent background model needs to be updated can be adaptively determined according to the current traf-
fic conditions and pixels whether are in the trust interval, thereby the accurate and fast detection of
moving vehicles are realized. The performance indicators of Recall, Precision and F-measure of the im-
proved adaptive pixel segmentation algorithm in different scenarios are 0.929, 0.864 and 0.888, re-
spectively, which are higher than the traditional adaptive pixel segmentation algorithm, and the pro-
cessing time of the algorithm is 88.37 ms, nearly 10 ms faster than the traditional adaptive pixel seg-
mentation algorithm. It basically meets the requirements of high speed, high precision and high ro-
bustness of vehicle detection.

Key words: intelligent transportation system; vehicle detection; pixel-based adaptive segmentation;

time-space variation degree; trust interval; background model
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Fig.1 Vehicle detection algorithm based on real-time traffic condition and adaptive pixel segmentation
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Fig.2 Results of different algorithms for detecting moving vehicles

iz ] vibe 15 B B AT A2 40 R DU ek 2 T 7S R R
G AR TR — ZE 55 AN 5] 5B 43 A7 76 30 O 7 2 B
%, H vibe BRI TF K, N R R LB 1 22
K B 2 Ced g Fk F 52 B 22 3 R B0 A H S N AR R
Oy ENF R R S5 5 AR T LUE IR
FEARIE T 32 sh 42 90 00 57 v K I sk S B A
X HGaK 4 AT kAT LA B 3 T S A a2 3 R i

IR

Origin image

JeHiEE
Optical flow

W e 224> 25

Fiame difference

1A 38 AR 2R o # 193z 3l 5 AR A U 58 7% RE 0% fR
IRz 3 H ke i 58 Bk, BA SR 1z dh
G0 ) Ve B P

3 ) 0 OB R 2 Al e R AR A 2 52
2% Yy S L AT Xk OS5 I IR AT 23 A o A T 4 AR P
3 PR

TEBIF R AT OB A 28 S0 693 30 F i




1460 W5 Bos

% 36 &

Vibefs £
Vibe algorithm

EXHEBE
algorithm of this paper

(@) AKX

(a) Rainy weather

(b) Multi-vehicle detection

(QEZS /] (c) JERZR AL

(c) Illumination change

K3 AXRERGSET 4 BRI 4

Fig.3 Detection results of four algorithms in complex scenes

N ER iz 3h B A ik I & s 48, O ik B A
D 7 A2 50 B AN T, T 22 VR H B T B W s
T B4, vibe HE R JE 71 () fi bm 15 A I 5% AR
SCHR M R A MR I T A SR AR AR
22 BRI Hh G UL L WT 22 1 | vibe A RLAG I 245 SR
WA EE ST, T a5
PN B0 Y O R SRR 55, 06 Tk L T 259k
vibe Y 35N B 58 HE MK I A2 Bl ZE A, 1 AR SC
P Y By SRR S AR B3R WA~ 3 5 v i il b A I
iz B G A, HM R b

HR 1 AT, A SCR VA AE AN [F) 3 55t vb A 0 1Y)
P HETS #7 Recall, Precision # F-measure 43 5l K
0.929,0.864,0.888, Xy T HAMAZ I 55 1% . gL 4t
13 2 AT, A SCEE VL i AR BRI H] Oy 88.37 ms, 1L
4t PBAS 5335 1012 5 MU PR IE 10 ms, BEAE T
B b 17 T 3 T N PR AR A Y SS Il A E . ZE AR L

F1 STHRMNEREINFERTRMUERIERXTLL

Tab.1 Comparison of five detection algorithms in three sce-

narios
7k Recall Precision F-measure
B RITR7S 0.698 0.659 0.678
Wt [i] 2% 43 1% 0.498 0.548 0.599
Vibe 15 #4 0.746 0.752 0.761
4 PBAS 0.869 0.817 0.831
AL 0.929 0.864 0.888

M 2, FEM R &M T X5 A1 7 3 5132 3 A b
ARSI i), AR T 1% 58 PBAS B AR SCRT $ 1%
JIT FHRF TR 5 ) JHG A o FH 5002 AH L R ST 4 43
% Recall, Precision fl F-measure 38 #5 3 N
R

x2 AERMNEENFHLERE

Tab.2 Average processing time of different detection al-

gorithms (ms)
7k A 18] / ms
JG 112.88
it 2% ¥ 40.72
vibe 571 78.83
&5 PBAS 98.76
AR ICH 88.37

T AR AR SCERE I A A MG 585 O R A T IR 2 R
S DL T B PERE . R A 58— T 5 % 1Y 52 e A0
PEATSEH . BT AR SCRR  HE — WU Y A ) 45
BN 4 Fos R R 4 A e T A 4
1B b s Bl R R 2 1 O 18 55 S A
FSE:S YANE Sin R ES - RS 5% 5 B PSR R TN
Bl 4 DUA R RO IRAR AR, JCig
o AL A R P 2 A s R R R A R R Y
0 A ST B 1 A R R JHL v R 5 R ARG DU Ok
BE— 2 X 4 7 A8 5% 54 AR A I 1Y 25
BEATGETT 45 2R 2 W AR 305 vk B A 0 v A 3R 0k )



5 10 1] P

i 2 T SE I S AR LA A 3 B8R 23 ) 432 Bl 2 A 1461

0. 827, M & T S Uik 125 L T 2 72 | vibe A5 Y ANl 1% 5t
PBAS J5 % 1Y K DU #E 5 3 43 9 24 0.606, 0.432,
0.579,0. 746, Ui B 4= 3 A0 18 B 8 il BA 22 il
AR A SO 5 H A 4 Fh o 3 0 2 G T sk SR

4 PG 1S R 7 P R R A ) 4 2R

Fig.4  Detection results for different vehicle speeds

at night

5 SO

B T 53T N TARE Y O kb A7 X e 2Z A0
AR 5T YOLOvV3 B [ i AE#6 I Jy kb
1 PASCAL VOC #4f 2 b #4717 % b, A6 I &5
Rz 3 pian, WE 3 HTLIAEH . ET YOLOvVS
1) 77 5 7E Recall,Precision J7 #5438 45 19 R 2L
AFE R A e T RS Rty T, AR SO R A
B R X LT YOLOV3 1 2 4 K
W J7 ¥ R T CNN LR B 2 2 Sk 64T A sh AR 1E
PRI, L0 2 25 b NI 2 0k B 5 2 BB, AU 2
GPU R HEA7 I, 17 FL 75 2R 48 80 e K i il
7/ = S N D0 S T N IR v o | N 1 L 2 S o
TESE R B A R R 2 i A Rk A Lk
FIRH

*3 H5ETF YOLOV MUEEREEEXS L
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