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Abstract

In this paper, according to the detection and tracking of the moving vehicles at junctions, a rapid method is
proposed which is based on intelligent image processing. In the detection part, the Gaussian mixture model
has been used to obtain the moving parts. Then, the targets have been detected using HOG features extracted
from training images, Ada-boost Cascade Classifier and the trained SVM. At the tracking part, a number of

. key points on the image of the vehicle were identified at first. The center of mass of the object and the edges
G U" were used to obtain these key points because these points are primarily important and more common in

tracking rigid bodies. Then, these points were tracked in consecutive frames using definitive adaptive
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procedures. Also, the Kalman filter has been used to estimate new locations when the detector is not able to
detect the targets. The major advantage of this method in comparison with the previous methods is its
resistance against vehicle's overlapping and changes in Illuminations, so that the detection accuracy is 90.80%
on overloaded traffic scenes and 88.75% on the tracking vehicles.

Keywords: Detection, Tracking, Ada-boost, Kalman Filter, Vehicle tracking, Deterministic Methods
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(Figure- 1): vehicles detection complexities in traffic scenes

oolaiwl 8590 gdoslo -Y

ot ooy 02,58 sl (s e sleesls
» o Yo cr LAZ VYA slwl 39 (2P9=9 L;me‘,ld

3 Occlusion
4 Real Time
5 False Alarm

Y4 2l Volelivan Jle

2P JeSy o Caase olralr (SSz 5ol Gl
Pl Oloj y9me o Comad gl Y g X jgom0 93 50 olasl
lmoy o) 5 st ln pisl (nl os— e
Qg oo dilelw ol Cgllae o Slos .5 )lo il
2 gy G3S BB g lal ansas Alle S
Bl oyl el o0 (HMM) " G5 o o Joto
oy adss Ay o alize glaslasg, o)L8, lagSl
Slesliul bl 5l s g s o o390l HMM 6,25
@lolid 1) e glaslaygy 6y (2l Bl (2,5
3 =l LSt ol s Wy oo ailel—s (] .S o
90515 9 Lg)3s5 j9y0 9 yge SIS > e lojla]
slossas_wo 2 fi{& le.@é‘d_le) ksl_asji]\ UJ_»fo
99 Qsle ‘:L"bé‘«.bﬁ) LS)L““‘)K”"T LS‘)’ ‘) ol crb__w)yi
5 b3 n sl Sol, L 52 U G9ls e slags;
SIS drngi (g3 oo« ST

Jlosgr 526 4 amg L [15] e o iz
@Pns by psNl dyels has —wldeasa
2Ol 9 nlea 53, 5l Sl sla Sy (sl
S et 3 35995 2 338 (53 ST 4y Sl
LJ"‘ 6‘)? M])SAJK J.AJ.,.; )l oolawl L» ‘u] )| o .J.S‘o.).i_..u)
S oo Bl jo 1y lagyes Slelbl Gl (9,095 5l ddlais
Syl ©)jg—oas | lrg,095 b, LUl ey
N

6oL Gl Sz yyde> G ry—al b, Ll
5o olelbl ols cws jla by Saon cpl o3l w)ls
Rolal 495 (Gamgd polal 4 (Gamdm sLis (05 pgal
o3lail (o y0 lag 095 0L £455 lag 095 ol IS >
55995 Ol 65 B Al 4 4z g 9095 jall ks (S
5 g8 T Slogun 5 (0 5 W) USS Gpgo 2l 5o

! Hidden Markov Model (HMM)
2 Training Set


http://dx.doi.org/10.18869/acadpub.jsdp.13.3.79
http://jsdp.rcisp.ac.ir/article-1-510-en.html

[ Downloaded from jsdp.rcisp.ac.ir on 2025-11-04 ]

[ DOI: 10.18869/acadpub.jsdp.13.3.79 ]

Lbj)ég.‘; ‘S}Lw)&»m -y
15 3,50 2ot e Ll s, 51 i o panagloi
52055 3l ST sl g, (A sbar 05 (g3l IS
[17] el al> o g5 Jolis

o oo 0dpel Yo )8 C e S Css Al e yo
I 3525 o] 4 5y055 o oo Jlol aS e e
s 3 g 55 55 s iy 5 00 e
Sloasd oy ol b olos Tao 8 (os)ly Ay 5o
Omt 9)095 3929 pac b 9929 b odd (ow)ly J5 dl> e
R 4 5,055 (55, ST Al SO Y IS o 05
Jaiol o5 ool (OIF JSmd 0 sl 00 00
il Al o) oad et e Gl o] o 9,045 8429
J8 Aol ol sl (2) ¥ US= j0 5 (=058
3l9) Cowl ol (s iio lag 1093 Joxe g 0dd (o)l
(482

oS i glog 095 (g5le IS AT gz dllie ol o
45 9y Caledyd g Sl 00nd () BlISe (g A

ot DLl ol () Olpreds 039 Gy (e Il

SN S

andys el

a8 (ow)lg

5).)95 ‘S}Lw)mi Glolw ‘gLval 3.1.?Ja 99 (Y —J.i.w)
(Figure- 3): The two-step Vehicle Detection Strategy
w35 S 5l b cole (sl il s ()
S 1) J)M u>'>‘9" [y oa; oolaz_wl F(GMM) ‘5»..5}:
Ooy9el AdaBoost o, bawgs 458 Jla —as sla S5

B3 015l e can gl g ol ez 5l (5 003k dlold
S5 wlie Lyl g jg, calide Slel—w o0 )l
8] dmaslie S (rizmen Sl 0B ()l ppled
sleaieny Gul yo oadplonl Glaiagh nlow b (soleining
el ol oolaul i o lailinl 5 SRen HBsls golass
el psl—ai 59y » sl Jloel 5l A
ol e 9500 et sl 595 3l S
Sl w58 cnl slagion et 5 S sl S5
At @bl o S e (gl ol d5-Bos el oS
JLERI QLQ._MT playl oS > gz iz 0 Sy
ONan 3L b oy, Olpwi g azg b as Slacee—ud
9 S el dig) il S5 a0 5 pote ol
e B leay )15 pl Llaisd A G‘;] sl iilay,
Sy g b oo B 5 Sllns @2 (59 -5 8
RV PR g L VL EQRA TP SRRV Y-Vt [RVIES
S 0 s el 8 i bt Sy 45 |, i Las

1,5 Geetd )00 9929 b 398 0 28 @bl o (atiie
Gl s 9 e (6,US slaad yns b oo
Gl ST b oaolis J3lo g iy L 5l LS oS
(V) JS—s 0 FOD &L [16] o8 cpuni | Lag 095
D5 oo odnlive
lag,095 (55Le, 80T Jos FOD &ols s 1 oy

DS 0 D)ge

ol pgai ;o FOD ‘SJ’L»)LS.{Z:T daa (Y - )

(Figure- 2): Field of Detection in the original image

4 Gaussian mixture models(GMM)
3 Haar-Like Feature

! Field of Detection
2 Hypothesis Generation
3 Hypothesis Verification

Y4 2l ¥ ol 1Yl Jl



http://dx.doi.org/10.18869/acadpub.jsdp.13.3.79
http://jsdp.rcisp.ac.ir/article-1-510-en.html

[ Downloaded from jsdp.rcisp.ac.ir on 2025-11-04 ]

: 10.18869/acadpub.jsdp.13.3.79 ]

SBS slddizo )3 g y39d (L) 9 ST H3 (lubg ) ol yuuds & s Polie (b9 ashl

A0 1 Sl oS 5 (oS Jo 3l ool

S o 2 lg

A 4

ol s S 51 5Kz sS ol i

¥

SiP9r90 b Kles

4

HOG b 559 LADABOOST i 595! Jlos!

awd b el

\ [

g y395 (53w 5T (sl

9
“ | s

;095 (5 3l LCST

gy995 (55w, bl Consi (g glodnig :(F - )
(Figure- 4): The diagram of the vehicles detection.
0]

e ol 2 s des il g cnl 5o
J—S 2 e 1ol @55 il )ly O 45 Wig B o
S (2P O g g o0 dumlie g jei b X, wax
GBlyzil 51l VIO Aols 5 a8 10 X, Sy e
ol S o] Jow glgreas woyls 13 T s last il
9 el ot QLU JeSoy e aS talilony 093 oo
J—Sy by 5 Sl 4 425 L s o il
390 (Slyjod Wi
Eh 0 azg bad>pe 10 00 i 2 ()9 iz
4 1355 o0 (Slwyigym (V) daly Gk 5l & TSl
slogis $lp s S eaighie s sy My,

2% :(1_a)a)k,t—l+aMk,t )

3 o) el 0650k 25 e gy cnl 5o
el 00l 48 5 L

Gelate (om355 g A 09790 JuSg 45 J 90,0
il S S0 y50 Albiwl 51T Bl Glie (sin 0523
Ky pSolo b plp (oSibe b syos (S S oK1
g oo dml adsl lls S g ol JeSy

gl g 095 pol—ai wiel (2lei o 3l ciloass
Dgad 50

S S Joe sl o Ll )5 ip99 (g

S e @bl gl il el g as )8 colw ol

sla Sy sl sl

psl 5 (HOG) jlocmgz (lasl 5 pl S ssmin

&5, 5 log )53 § 00l muwlg lras,6 AdaBoost

Tl st 00 oolai |

Dgad 50

™19 e Ol o w2 Uhe) 2l 5o e (e
L aS" Ada-boost g SVM wdad oS 5 laugi o5 e
i3l oadigl il (355l gl JTHOG sl S
93995 1€ 9 9)09% Ahwd 90 4 S oo (g ol oy
Log o9 (53l 8l 3 e 5 Wigion Mt
Y

&l ST (g, ol slednig (F) S 5o
sl 00l o0ls Lis lag 045

S P weS Jowo -)-Y

Slr S @55 Nz S 5 liemS S S Je 0
Vi o Voot soJ—Sy polie 35 Jas
[18] o9 oo ooliu

k
p(xl):Za)i,txn(xtﬂlui,ﬂzi,t) M
i=1

Okl 039 O 55 @l Slaws Kb, opl yo
oAb g el o g Ei,t g His Ol > (55
Mgt oloy 4o bowsS a5 5 53 (g5 Gmabi b)lgsS
w5 s ded Ll (eSSt me S Sy
Wy oo ()94 Sy

ollssS 5 Sl (osS @l Slas (i
Sl olawy ailebes (pl jo w05l oo s Tayl jo ooyl &yl
o8 5 5l 50 s adgl il lg b pwsS &6

4 Learning Rate

Y4 2le VoLl iYas Jl

! Histogram of Oriented Gradients (HOG)
2 foreground
3 background


http://dx.doi.org/10.18869/acadpub.jsdp.13.3.79
http://jsdp.rcisp.ac.ir/article-1-510-en.html

[ Downloaded from jsdp.rcisp.ac.ir on 2025-11-04 ]

[ DOI: 10.18869/acadpub.jsdp.13.3.79 ]

i(x,p)= > i(x,y’) )
x'<x,y'<y

Ghol poa Sy polis i(x7,y") o o a5

Sl ez gl (x,y), (x )ii) das yo

e S ) T (e gex Glsiea ) s(x)

O ygody ).;\f g_i) 0 l) 6x.o.?u P wu‘y M‘P N
oS dlins (F) Wolas

s(x,y):s(x,y —1)+i(x,y), ()
S(x,—l):O

ii (x,y):ii (x —1,y)+s(x,y),
i (-1,y)=0

Sl Sy e Bl oo (srex pug—al (A L
00l 33,85 g mex lodlai b g ce s |y Sloa s
2,5 duwlo

Lad
=

STy gl dwlo 0920 (A — JSC%)
(Figure- 8): Computing the integral image

il (@) Aolae O jgos A JSKS
S(1)=A; S(2)=A+B; S(3)=A+C;

S(4)=A+B+C+D; )

Sypoa D fdatnse 55 sl Jusly ggomme Dy50 (nl )0
Wl welgz dwlze (F)

D=[S(H+S(D]-[S2)+S(3)] ("

e b S -Y-Y

Olgsas a5 Jlaal slo Shy 3l degesme S () S5 0
S8 eolai il 5,50 Lg)l_.i;j Al 4 699,5 s S
[19] .ol oas osls olis 0,8 oo

sasi by S g diged :(B - &)

(Figure - 5): Examples of Haar-like features.

i o Jedias 5 )0 aS ola Sy ggeme
ol lo Jibatns o sloJuSs ggomme 5l 055 0 )18

Sl 00 03lo uL“*-’
—
N |

92995 p3lai 69y » et sl Shg pS 4 (P - JSL)
(Figure- 6): Extraction of Haar-like features on vehicle images

Ly s b Ol |y Jloa—i Lo S
P95 &5 pg—ai Sln Slee Siled g8 So 5l eoliil
Gl S a8lg;0 0,5 s w5 go 00l | roz
U og g0 dummlone (o202 pg—ad Sl ookl by jloa
b Gl Gl 2L
9 G dmwlxe sl (o058 (02 e
51! i sbacgozo )y polis gaeme I,
i Gl S5 o dlre gl (ored pgal
g oo 0dalie (V) JS& 50 azsl sllae 098 o ool ul
Sl S gyorme Jols (X)) 3hi ;3 oresd g
olxe &gt 45wl (X,1) Abb car Caoms 50 5 UL

Dl oo iy ya5 (V)

(2,1 ) adaii 1 roms yygoai (¥ - JS5)
(Figure- 7): The integral image in point (x % )

2 Cumulative Raw Sum

! Integral image

LS W1 S POV | o VAR [V



http://dx.doi.org/10.18869/acadpub.jsdp.13.3.79
http://jsdp.rcisp.ac.ir/article-1-510-en.html

SBS slddizo )3 g y39d (L) 9 ST H3 (lubg ) ol yuuds & s Polie (b9 ashl

[ Downloaded from jsdp.rcisp.ac.ir on 2025-11-04 ]

: 10.18869/acadpub.jsdp.13.3.79 ]

AO

S9d (0 0saline (559890 Jlosl 5l S 2 slaplSe
I8 st 10,68 Jlesl ol s pylez G 50
4,0l 20 oSl e o cdl_io 45 jeboylan 3 )ls
(63,130 0 ALl il 0ol lag 095 o (g5l S il
Lol tcoml 0l 00ls sl 9,095 oliiilay 3blis 51 &
Gloaseib slasd Gz gy 90 y0 aS cpl 4 axgi b
ol Rl Sz pa—w ) ) il 3L Tl
od—ds oolaiwl SVM sdia b G 5l oliil slo auseis
b bag,095 pslal glytcnl 5l o &5 i 3 oy Sl
Jlsyl SVMunail G 4 lagpos5 pslai « 7y,
iy 5,055 SYM sl ] cylidys 5 59—e
Shass oy, nl b oS oo s ) (218 005,055
V) Jesz 0 b oo ials o b oliil slojadeis
D oo 0ddline 1,03 aw ! Jlasl gl
45 99— on odal—ia (1) Jgur @l (o) 2 b
L s GMM 5 HAAR-LIKE (la S515 cuS 5 5l ool

ooliil GMM 5l a5 b} asy Eepni GMM 5 HOG
Byl 5lo s 88 g e s Ll (6 gl 0= g0l
S ¥ ewyS Joe oolizwl b aS el )] ol cpl e
e ST a0 5 o oollidh oS e 3lolie lot
5 <85 Gl cel ool g 09d oo Jlosl 3blie nl 59, 2
Er Ohey ol b pmizen b waleS (loy Cee
Seplaazg b pgomes b oo (rols oli il e i3
o9 Ll ) o258 GalosT g (59959 slopld
S Sy &S ol il g il oo b (5,8 pplid Gl

A ilisa (55 Ll S5 4 Eor 5 HOG

Ada-boost suaal ¢ HOG sla S5g 5l eolaiul .aisuss

RS P9y 99 4 S (B3l 25 Bl (6 i gl
SUS 50 SVM sdab 5l as 500 ¢ toils alys
aalgs rals Uas aseis &5 s9-i oolaiwl Ada-boost
b el o oSl sl ley Gl el cnl Lol il
Ada-boost wuaal g HOG slo Si5g 5l Jdo cpen ag
D¢ oo ooliiul ag 095 (s5le KT g
b, aalsl o dag,ogs ol LT 51
Sy elem s (o Lol slag o>

Y4 ole Vol iYad Jo

HOG b S349-Y-Y
el pgal Siog Sy jlocuar obslS el S
B el jolaieds peal Jhlon 9 4Ll ol j0 &5
Rle andei5 Caz 201 55 g, cnl 5l 09,000 IS 4
Lol oau ool ).:5La.) B OOL:.J?

Sezge apbol S slacgzr &l ) ol 5o
BJ..M.SM}J e L_A_.ol 5&4‘ 09_.‘\:‘;0 w)lM ).)9_.4) e
sy aje8 Lawg Wlgi o IS a5 ol ) HOG
255 g (54 (pbol S b 4

ol 558 Sl plp ;0 HOG sla S
et ol g IS Liales 5o s o 5es ¢ [22] axas
asaa b HOG sla S5 OSyl—wsan lp sl
5 (G ladiges) 9,095 gl d—wo,ly=> L Adaboost
oas ool hjsal (shie slodiged) 9,053 & yygmal YO
Adgs 5,095 Julol a5 Sl 5l ate sladiges .ol

= 1t

(&

1N

() s sLadiges 5 (W) Corta sladiges (A - JS3)
(Figure- 9): (a) Positive images; (b) negative images

35'—,«45&" %u}o_w)»)s(\’)k}i_w)&

Sloslaiwl b pgo (gt 5o Cawl ool oals lis ooy s

5999 >

P g 50 Cowl ol gzl S ul (S e 3blie GMM

! False Alarm
2 Deterministic Methods for Correspondence


http://dx.doi.org/10.18869/acadpub.jsdp.13.3.79
http://jsdp.rcisp.ac.ir/article-1-510-en.html

[ Downloaded from jsdp.rcisp.ac.ir on 2025-11-04 ]

[ DOI: 10.18869/acadpub.jsdp.13.3.79 ]

Gl 6,5 bl i b baehd (55, o3l I8aT o2 o8l Jlasl @l () -

—Jss)

(Figure- 10): The results after applying the detection algorithm on films with different illumination conditions

il al glapis )9Sl Jlas! g :() - Jgu)
(Table-1): The detection algorithms results

N Ll oley | oldl ausess I SN VWIRCIRVE S I LR B
. . 90 sl ST )
(False Alarm) | (Miss) Cuw ol (Hit) 24,095

A, V, Y AR YAY \PVY \AF- Haar-like
Qoo AN \Y¥ \Y# VPAY AP - GMM + Haar like
Qe V,0 ) 4y \2A \74Y \AZ - HOG + Adaboost
1) <Y VY V2O V740 \AF- GMM + HOG + Adaboost
A <qY Al 'Y VPAQ \AF- GMM + HOG +SVM|

4 Cost Function

! Deterministic Methods for Correspondence
2 Statistical Methods for Correspondence

3 Proximity

LS W1 S POV L L VAR | W



http://dx.doi.org/10.18869/acadpub.jsdp.13.3.79
http://jsdp.rcisp.ac.ir/article-1-510-en.html

SBS slddizo )3 g y39d (L) 9 ST H3 (lubg ) ol yuuds & s Polie (b9 ashl

[ Downloaded from jsdp.rcisp.ac.ir on 2025-11-04 ]

: 10.18869/acadpub.jsdp.13.3.79 ]

(Yool oylS0n 3 jlaks) (5, oot (1Y - JSC2)
(Figure- 12): Motion Constraints(Yilmaz, Javed, & Shah,
2006)
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(Yilmaz, Javed, & Shah, 2006)
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(Figure- 13): Flowchart of tracking the targets
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