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Moving Vehicles Detection in Intelligent Transportation
Systems Based on Optical Flow

LI Xi-lai, LI Ai-hua, BAI Xiang-feng

(The Second Artillery Engineering College, Xi’ an 710025, China)

Abstract: As the video vehicle detecting has a great importance to the intelligent transportation system, a
new moving vehicle detection method based on optical flow in complicated background was presented. To deal
with the hypothesis that the smoothness of optical flow and the conservation of gray intensity don’t come into
existence on the condition of shadow, boundary and overlap, a new forward-backward optical flow equation is
introduced and the Hessian matrix of equation is computed. Then the conditional number of the matrix is com-
bined with the associated matrix of Lucas-Kanade’s optical flow method to eliminate the restriction points which
are not credible within local neighborhood. Experimental results show that the proposed method helps to obtain
satisfying detecting results due to its good stability and high detecting accuracy. The results can be used as the
basis of advanced vehicle control and traffic management in intelligent transportation systems.

Key words: intelligent transport; video surveillance; vehicle detection; forward-backward optical flow equa-

tion; Hessian matrix

He T UL B 52 T8 M 45 R RE S 0E R G 0 E BT 3B B 5 A W Y O R FT LA 4y o R 22 AR
G, B AT LUK IR PR B B L AR S B R 2240k, bR O vk T b R Al AR K T
ERREGERERY, WERE R EHE  BSHER, BRELFRERT B FERMI AL
BB S AR SE R T AT FRMEM AR AT, RS sh E R I 2 B AR AR 2
AL, KSR EMRO TR, EREE YRR R SR P R
7 BR B AR A R A R R EANFE R E S 5, R B TTRAE T 0

YR EHI:2010-03-15
EE /ST ER (1981 -) 5 Wb RS A, 18 L5 AR, N SH48 X3 S (45 A BE 5 . 3 D O8] 1« 2R 30 A4R (1966 — ), 3, WL A, T2 1
BRI R RS S E AL



76 b, N S S VA ¢

%05 %

A R R R, BN S A I B AR Az 3 H 5 E AR
VIR AL BRI TR ) W R AL T a8
HERRBER, T HEEWR TAHRRY =445
WHEERFR BBEEAZRNEMERERH
FEOLT R 53 3 B AR, A A58 A B M R
A 2 s I

1 G kA 3h 450

ot R 4 R e A 52 Bl B R R
i e WIEAR 2 30 B AR B A B R A EBRT R
BBEAART - THEERE, BRT -1 BRI
23, BB — MR ERZ], B&R B RS R Y
R bR R BT E R RR—— MR, IRIEENERER A
7 B R R AE S LR AT B A e AT A SR IR AR
A B E AR, OGRS E R X R E
SRRy . HEMR A3 BiRa, B ERE R
FrrE A2 30,32 3l B A5 BT e B 3 BE ok B SR A
PIE FEERBAF, AT 2 3h B AR &AL
&

1.1 "iE-—-EEERTE

BRI MBI BT R EES N 4 K WS HE
W RILE S TRER M TR ME TS
RS2 3 T K BE <7 48 A6 I 3% B9 7 3 R i, (X
SefR I AEBA R 0 R AR SEAE 0T AL,
R 4 RE L B B R . 2B R T B B A O I O R
I(z,y,t)~I(z+Lz,y+ Dy, t+A¢1)=0
(1)
CIRYEEE:
Hz,y,t)=(z+Dz,y+ Dy, t+A¢1) (2)
Hz,y,t+A80)=1(x—ADz,y—ADy,t) (3)
X2 (2) .2 (3) 43 | #EAT T ) R IF, I B ug
KBk B, 15 3]
Al(x,y,t) Ar + ol(x,y,t) Ay o+

ox oy
al(z,y,t)
GINLYVsl) A, =
v t=0 (4)
E)I(x,y,t'i'At)A ol(x,y,t +At)
+ Ayt
oz * dy Y
+ A
al(x,ya,tt t)At:O (5)

S oo _ol(x,y,t) , _ol(z,y,t).
EXLIM TS L E ; I, EW ;

It = M;EJrAz :M;Iym —

ot : ox
al(x9y9t+At).Iz+Az:al(x9y’t+At) /?%
oy - ot ’
Fu+To+1.=0 (6)
L'+ I S+ I =0 (7)

K(6)X () FRAHETI — 5 MW T, /T LA FHH
— N F R TR, B

au+T'po+1,=0 (8)
K, I, =alb+(1-a) L2551 =al, + (1 - a)
L5 T =ali+ (1— ) I 20 Ho o H—HHL,
HRAE T 1) — J& [ 60 7 B 7 LR W (w, v) .

R kY REEsh Bkl o, 3 s 3h B
B K BE 6 BE AR VT REAH 22 A K, 14542 3 H An fe B 4L
FHEMRE , MW IS, LA 7EKE 2
BRI HLTT , A REIRAT LB 0 A9 g, 47 & 75 3]
B R AR R AT A, TR TR R AL G W A VER ,
30 R 6 T 2 TR J7 B 7R IR B B BE AR /N AN BT
HMTIABEAREM, EKEHERE T, R
EREHERTERE T WEERSITER.

1.2 Hessian %6

H1 Lucas Ml Kanade & H 9 3 F 4 59 fin AU
INZIRIBEAEE T B T R R, R
TEBE (2, y) WA Q W, AR /D —5fe i 3k 5K
BRI AR &N

minxgan(x)[Ap(x,y,t) . V'f'é—a)‘te}2 (9)
XFFFER Q W A, KT LRR N

V=[ATW?A ] "AW?b (10)
X, A=[2p(z1,31), ", 2p(a,,3,)]T s W=
diag [ W (z1, y1), =5 W (z,, )15 b = -

ap(xl’yl) ap(x,,,yn))T + A —
( a3 T 5 oA, Ap R El

BIKEE p BIZSIEI B, JE I ATW2A B HRAE (B ok 2
TOGW AR AT R R AFIEE S A, R Ay, IR
BATEB R T4 B RE A, W8 &k 86 R 2w
B, RZEATER.

R4 Lucas-Kanade Y63t 5 71 58 o F2 18 5, Ad 31
RERE ,BEEBRESH 0 NEBR R SOLRRTFE
FE T BB AR T & DA E R, X ERE
WRFELBE 0 WHEETEH R CRAR T RS
AR Q B BN ELE K ARG T B 6 T AT
E M. NI, X5 A Hessian 56 R HI B 488 Q A




E2M

FERSE B HEICE R LB 3 FE WAL R E 77

TR TEAIGRAR T R RS
XA ) — J5 FOEH TR BN 2,y KT, 7T
DEEEY

Lou+tIy,o=—1,
Lu+ILv=-1, an
BB HA

L. L.7Tu —I.
Py (12
5E X Hessian %6 %4
He {Im Iyz} (13)

Izy Iyy
Hessian % F 19 5 4 50CH
Cond(H)= || HI * | H' | = 1A a7 A in|
(14)

HH ) A s Amin 7351 B Hessian % [ 5 & KRR 1E
B/NRAEE, AT PL3E i Hessian % 9 4% 140 H0KR /N R
FI W7 7 PR A B8 E RO AR Hessian %8 B B9 4% 1
BARK, W AR AIRE T, XF A A Hessian %8 [ A9
FBRAR/ , HofARRE , TR B OE WA W HE 5 2R Hes-
sian 4B M B 25 508008 1, X L B9 Hessian & B4 B Bk
MR, TEARE, HMF RS BB 4 1 FT LU
I E Hessian JE M4 B9 & 4 EOR HIBR BN Q BIA
CIE V=%

1.3 EF Hessian SEFER R E X

Hessian J [ (9 2% 14 B0 1R 4 3t 20 ) T 2 1k 5 72
ik A AR E T, T L 4% A H0B K, X B Y Hessian %6 [
FRRBR /N, A B AT L S F) ] Hessian 4E B 31 B 4B 35
Q PN TT SR 59 5, HF 8 4% 0 L 2% 1 %Y 21 2 AR
HZARBUE, B BT

(1) HRE B E R — P B s

(2) B8 X R Hessian 58 [ Bk der (H) I
B cond (H) , R EBER «, N

H det(H)< <t

0
wix)= 1/Cond (H) % det(H)>=7 (15)

xR Q NE W(X)FFTIH— 440 .
(3) KA A B /D — B3R i =X (11) F 6
Bi(u,v).

2 SLRER

N T EUE R B A T Hessian 48 [ A9 o 3k Lu-
cas-Kanade Y6 i & 1, 7£ simulink F#HTTIHE

S B R L SL R AR AE B AN 1 BT R AR A SR
X R 9 2 18 3 5 U 23 B R 2 120 X 160,15 T/
s MBI SE i R G A 530 3% 1 O K BE AR, AR R R
SCHP R A G IR O T A R A MR R
RECTR 8 BE B AR A T ERE R R, 250
BEZA RN B S 3 EM. SR RMAE 2 s,
Bl 2a 52 38 5y 5 LA A9 — Wit , [ 2b FE X B T 2a
a2 2 p ' I PR A5 203 3 % i T E AR
B, PR 2d SR A 00 45 R B o 2 D 0 58 3 4 S R A Y
RALER B 2d FIRE T — KK BN L, &£
EfAfeT 2 BN r s s FEHEA .

GEmnhs BB

o
;
¥
Th.Img Th.lmg
Viptraffic.avi S N
V120 % 1601 R'G'B'to Optical Flow | ot

G I Flow >l C
......... ¥ (Lucas * Kanade) Vel

[]

B Box ——3»(B Box

Thresholding and
Region Filtering

Vel

| Vldeo In

Display Resulls

B 1 simulink BB FERRER

(BB H i iy —{H1E]

(dyR 25 R /8

B2 BHEITRER
3 48 R OB

WEFE T o6 R TR RE S AP B9 LA L R ekt
R R R T REEES RN ERROCR
G , Bt X Ge o6 it vk 1 BA R 300 5 A 10 3 05 K B
PR AN G 3 B P 3 R AR BN B S X — AL 5



78 bR S S )

bic| %25 %

AR — J5 M Y6, 7B H Hessian 45, 48
Hessian %[5 #) 25 14 %0 5 Lucas-Kanade J6 i 32 # A9
INALREAR G55 , A R BR T JR A8 48 38 AN AT 52 Y
YR R — 2 R T e 4Ry B
P 7 B SE B 3R B, 12016 T 12k BB A RO G T 0 BR B 1
EWIHE T EFNSEITEE . b TRwEITHE

SR A, T AL U R R R T
— BT T 1] .

£ % 3k

[1] HL Eng, M Thida. Model-based detection and segmen- [7]
tation of vehicles for intelligent transportation system
[C]// 3rd IEEE Conference on Industrial Electronics and [8]
Applications. Singapore, 2008: 2127 —2132.

[2] L Li, W Huang, I Y-H Gu, et al. Statistical modeling of
complex backgrounds for foreground object detection[]]. [9]
IEEE Transactions on Image Processing, 2004, 13:1459
—1472.

[3] J L Landabaso, M Pardas. A unified framework for con-
sistent 2 — D/3 — D foreground object detection[]]. IEEE [10]
Transactions on Circuits and Systems for Video Technolo-
gy, 2008,18:1040 — 1051.

[4] C Lodato, S Lopes. An Optical Flow Based Segmentation

Method for Objects Extraction [ C]//Conference of the
World Academy of Science Engineering and Technology.
Vienna, Austria, 2006: 41 —46.
S M Bhandarkar, X Luo. Integrated detection and track-
ing of multiple faces using particle filtering and optical
flow-based elastic matching[ J]. Computer Vision and Im-
age Understanding, 2009, 13 :708 — 725.

D Decarlo, D Metaxas. Optical flow constraints on de-
formable models with applications to face tracking[]]. In-
ternational Journal of Computer Vision, 2000, 38:99 —
127.

Horn B K, Schunck B G. Determining optical flow []].
Artificial Intelligence, 1981 (17):185—203.
Barron J L, Fleet D J. Performance of optical flow tech-
niques [ J]. International journal on computer vision,
1994 (12): 43-77.

Lucas B D, Kanade T. An iterative image registration
technique with an application to stereo vision [ C]//pro-
ceeding of the international joint conference on artificial
intelligence, 1981.

R Nakayama, Y Uchiyama. Development of new filter
bank for detection of nodular patterns and linear patterns
in medical images[ C]//Systems and Computers in Japan,

2005, 36:81—-91.

D e S e I T S S S S S o S S S e T e ST T e S o

(k3% 63 W) 1 H

H . B b, SO T R BE U R TN B A e e R B

G0 — 0 08 AL (T R 2 e T LA PO MO SRR R — A
! . S LA B ST PR A R B L %07 B T A
R IR R A o= L= 0,32 02 B A AR AR -, B — 5 O

MR KPR DR E DU B g o

H9/57 R R 2 000 P Y [ e, O A 4
PR T 5 R T BRI 5 R 2 ARAR . B ot e (1
S5 1F B 3 S B T e H 35 BE S A B 4495

WAL (52 B 45 5 43 4 R LA, S B9 E A

T T L s VLT s
2 W e - 0 L 1 B .
4 %5 R 1B

[4]

FI ] Hough A , X 6 HE B F- B 12 't 1 1 il 2%
AT AR S, I T R MR AL R A S g [S)
Wk R B PR SR AR, HEBR ML RS T A AR
ARSI R B A R AR R & LR AL PR

Princen ], Ling worth ], Kittler J. A formal definition of
the hough transform properties and relationships [ J].
Mathematical Image and Vision,1992,5(1):148 — 153.
Illingworth J, Kittler J. survey of the Hough transform
[J]. CVGIP,1988, 44:87—116.

Ballard D H. Generalizing the Hough transform to detect
arbitrary shapes[J]. Pattern Recognition, 1981, 13(2):
111 -122.

EEH. ETEY C- WEREWEBE LW B RA
BRIk [)]. AR #EA,2009(4):17 - 20.
Ching Y T. Detecting line segments in an image-a new
implementation for Hough transform[]]. Pattern Recog-

nition Letter,2000,22(3):421 —429.





