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A study on tracking of multiple vehicle occlusions in road
images using Kalman filter and vehicle feature information
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ABSTRACT

This paper is about a proposal and implementation of a system that can segment and track vehicles using the
Kalman filter and the information of vehicle features when there is occlusion of vehicles in road image captured
by a fixed camera, When tracking vehicles, the most prevalent problem is vehicle occlusion. While many
methods suggested for vehicle occlusion have used the distance between the camera and vehicle along with 3D
models, none have completely eliminated occlusion as the first image appearance is processed to the second
image. The resulting disappearance can not solved.

In this paper, a solution is shown for continuous vehicle occlusion in a fixed camera schema using the
information of vehicle features using the ratio of width and height of tracking box and the distribution of a
vehicle in the tracking box. In this system, AVI files, which are sized by 256 x 256 and captured 15 frames/sec,
were used for the experiment. The experimental result showed the method of the information of vehicle features
is better than any other method.
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I. OIS X2t #5 AlAY

2 RO o ARk 2 Alzde) 4L 1Y
2-13} ek wix, i gake dgEle] Eolek
FesRE Age FEs Ao AAYRE
e A% ¥¥(Vehicle Segmentation), X}3F -3
dld deizl ARE rjAz zke E-dle 2wk
F2(Vehicle Tracking), mlA|mto @ elojla] odeiz]
RS P xf Fdebyed Teke 2%
sl}rle] SZ(traffic parameter extraction)3-5o 2
g vk
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e BAL o7 ZEAZE dE 5 A
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Tracking
Mode

J8l 2-2. oF A% Y 2" T2

2.2 R =g
WA ZAHY S (oy) o dF Hel Belew =¥

g fienAeld) HEE AES) A% A AR
W F shke, F A RE s} g v
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e BEE Folck oA de AH A¥
g FIAR Sl w7 Ge A 86K &4
ol BAE EMY o G wlasA =HW,
B9 Aolellre A AR AAHT WA
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M (x,y
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y= graylevelgt if | f,(x,3)- fi(x, )1 =86
- 0 =z °l9 FH+
@0

o714 6 & E=A|(threshold)ele} dy (ny)w 5
ZHE (xy)old F game] misls Ael7h 1 3
Folld o t}E FASelul FEx] 6 o 23 HAE
olA 7zt HAde gray levelgts #2844 Hri.

94 - My (y)elA] gray levelghd
713 2E FHAES B #2d daE usy]
t}h o] W, F Fabe] o] AR qlx 27
& 0o o8] AdAE e ld vl 4R
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gray levelghg& 713 Q482 F££ zhge Az
wARRlc) ubg oz olefil @ AEE Ajo] Al
A R HEZ Hu, |59 AAE $% It
HPe My (xy)ehllA gray level® ¥ 4-97 mE
8- H9E YAl wlE] ARl 829 o B
t} AL £E 7 dYEL B2F FAERs zlolth
H|E o] uhg-e- A} A Aol EAFE T
A ARE 74 & FE glod) o] uhge At
o] oditollA] dol gl LEe] AAlFog £4
e A%E g 7FedS vk

2.3 t§Z ojolx| Xzl

2.3.1 slAEI TR

FAe e A wr)(pixel intensity)] ol
2 E(bar graph)elr} xFHL k4] W et
Wi, y&e 2 sk vzt A el vehe
e veldch 94 slAs T gake] gl
B2E R 83 ARelr] =3 A §
feful(contrast) AR T WESET 3Ivt
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EOdd 4 gk 3 gefLelr) ] 2=
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bi-modal dlAETF oA Uepdr) FAesle
E g oA Arhd B {43 &F Wt o)
vlAlell SJaix] ARgEe(R) = e delEr) o]nlR] ¢
actual dynamic range+= gray scaleglol] €vh} g2

gray levelo] #4914 ql=Alel o)) vheolAich

7 2-4, FemEod R

2.4 EAETH HE

2T Eddde] U o HAg s givk
LS W, e ZAYL e EEE Y
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£EIWE e A 2234 ol bl 4 Sck

255

H,=)nh
i ; i (2'2)

w714 His= B4 ellA] mst i o] A =gt
FlAE TS veldc), i 2] W]+ 8bit gray level
RAW imageol|4] 0~25571A] jehdch

W3 SlamTde) AolE Fes Al YaEe
2 ok A} (239} o] ol AHer)

H.
dl,.1,,)= 2 (D =H (D) 03

714 Iz Edake ZAdE hels, d(d,
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i), d|agaE) Ale] FelA AFE FEF F
e A9} §le AY AAAE dAze s A3
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2.4.1 X2 Fx
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M AHERE] BAEE FH3] SEe] A
He|g AMslgich 2wt deje Pejo 7R0t 4
Fog AHY slom, AYAa"dA E He
=9 E¥7h heAlglela WolEle Al Y
ZHRAIEE S AU g Al 2 5ol
HAe debde] 2 4934 gk 2T AR A
A (occlusion)& #F3l7| A8t Alge] EASE
ol-g3l Algg FH3rk

a8 2-5. o AR 4 A2d 72

2.6 5 Le

2.56.1 ZHa T He
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EE/ 2 gElS) A B AR o) 4% FAY vE A% A A AT

(recursive) doE]Solch &7jA ke AZHE e
Wch 2t gele)e A ol &(prediction), &3
(measurement), A (update)®] A 714 DARZ ot
froiAlel.

di& A e ohe Al Al e xe F
A 3 2319 AL 81" Py S AEste @
Aelck ()& ol 3Ae E] A A} ol F]
A kL& vehdek A 2 2xte] FEA
He Salon TP & 4 247 ek

P = E|:(£k __:Ek Iﬁk _;k ) :l
2.4

& DA ol Rl Al welsh Ae 3
Rofel TR 9o ol dehie e 2t
7k A @5)% 4 (26)2F. FoiAlck

Xeoy = f En) T, (2.5)

Py =R + Qe 2.6)

7|4 f Folal Iin o odlE ol We

A2d2) 2d ZHe(model noise), Qx = Wid] F
B4k ek Y Wl ohE A 2NLE B
Lik2)=

z,=Hx, +v, Q.7

L 57 W], He A el 54 Hea)
o8] #HAE el #& 3] (observation
mari, Yt &9 04§ vehio, g g
weol 24 94 V= w[Aleuncorrelated) = %ch
a1 7p &t

niz o g A @Al &4 @AM T
A 2Aghe viskog A wEje} A 4 eaf
& A=E gon il $oE s o
= 4 (28), 4 29), 4 2103 3t

K, = Pk(-)HkT[HkBt(—)HkT +R, I (2.8)
By = -KH]F,, (2.9
Xy = Xaoy T Kelzy = (Hex,)] (2.10)

2.5.2 HOEEH Qe M
o] A9 BAL el = HA¢ 4wt
vEIES Ak Zlolck AW AEL b &
RE(motion segmentation module)oll4] 2 o]m|z|
alc} ©]$ 285 A4ME motion estimateEolrl.
FAEE AR g et #3353
7141 A Wel & AR Aol
A B =Y £5 mdea] ARR FAE o
3}z
L B4 52 sk e i og gk
Aol $-5 detujele] AT Wt A
717 etk
2. Z47be] S BERe| S QA A% F4
dAE AS & e §5 5
Aol 253 2 o 4 (21D, 4 (2.12),
4] 213)2.2 ®¥Fct

Xin=1/2a,A8 +v, At + X, .11
Vi S GAL+Y, (2.12)
. =0a,=a 2.13)

aelz AR SAE ekt AEENE o)
gatenl slold] vhe Al 2e] T okl 4 219)
s} A (2.15) & v

X Y
Xk = vxk Yk = vk
a, 2.14) a, @.15)

2 =Fe diate] Ha gle AAH] xR 3t
g Ax"H R 1 $xe), &5, a8l JlEeE
A g Adsle] o)kl og Al 4 gr).

2

At
Pin 1 A T Py 0
Via |10 1 Ar | v, |+]|0|w,
ap 0 0 1 |a 1 2.16)

Py
z=[ 0 0]y, |+v,
aq, @.17)
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HEE, v FAEL JIEEE, a8l 4= B
HEL $iAlel fqF FAo] A=y AE v
Wi gick wdh 2o Foile v 54
Ager oyE WAAE-& Jehilg, JEEE Y
ehllE Aol Ade] wy i ﬂlléﬂ TR 2R RA
el 71l o2} Zix) 39 ARE fdelA)e
AFe] 715 ouish, v o nlalR| 2 g
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THeE U 7 YRR olE AlAglgos A
2i5lA i, Axgle] BXo] wlel 43 =gy
T ok Zab gejol| AH4FE gL AEg F
Asled] AMHE vheo #ate] xyel $ale
FHEF ol4slr} @t Welo) HLsl= A5 3
7] W&l A714 $2le XHAR Bl 7leet
712 gck AL - AuiAalst 24 wpRa)
of 2l AHeisir}

e AR A Aol @3t Aok

Xpu =AX, +w, (2.18)
24 YA et Rk

z,=HX, +v, (2.19)

Weer Al2=gle] 24 33elw, Vs &

viepie] A2 wate]w 7h-Ael J.%_Liﬁ 7}4:14
3 7R},

P(w) = N(0,0Q) 2.20)
P(v) > N(O,R) (221

a2l g WelE o e AR oE 29
Wl Mgk

7 = X . = Vi
* v (2.22) v (2.23)

AREe o Auie) che Ausle) BAE he
e HaHEﬁx—; 3 geist 2470 BAE vehile 3
A1 919] Ao wehy chest ol 4ol & 4 ek,

1 1 05
01 1
00 1

A=

(2.24)
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Fk - {x,YEA
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Rf = width

Vieight (3.2)

Aepe 4% o 2 Akt W olslAg o
£ 3 % ARse) 323 9 A3 229 A9
Ml A fe) ulgg Wk

229 A Y49 48 pu e s, o)
WA A SE pueoleh RIS Theh Ro] A
& bl 4 slek

P* = Pear
Drox (3.3)
e EAEE g I8 3-1dA BRe] 5%

Aealn] 7ol olgsle 24 BoxE o4l 7

74e) BB 9 & ek

Height

a7 3-1. A 54

A4 F e k] Qle JAES gray levelghs
4 ti3 3 Yo AL v whE o8k o] F
AL Aeo] Fhvfell) Asle Bt AHH 2 A
Aledl o] BAL ae] =)ol Alwgle] dA%t
HES ZAE QleiA] o]E BALE AHEYR 4 ol
th R& 2o AMgElE whag] yold #old
WEEHA R 2gke] A9ef AAe] doid A
9] u)go] tlErke o|& o] AMEE HAel):
o] BEAlute g ©l ekt Ao deolwt ARk
E& FRape] 2Esly] g Pl & 346
AHESIE drdd Aepresh A% o) yae) o
&% o] AMgEHA Hot.

3.2 dA MejollM xigk S3 HE

EZ2o|A AEe] FL b szl s
ZA%Ee A Y Ao sddk AR explicit
occlusion @ 23] A-&elle FEES] ehd Fo
ak AR AR Z2AuEe Aol 7 WA= implicit
occlusion 08 Z7[of] AeFEe] Wt Ao Z i}
3 F ReEjEls Agelth sRTe R 27)HE vt
Ae7kA] Ald ZA PAfe]l do= 7Ageltth o
2 A2Hl9 A% A9} F A 79l A&
=} wkAake] a3 @l S804
7} sk wEb 919 BAlEe AHEale olE
AE & 4 gk AgEe] Jelde A3 A

Z .84 Tol: 147
RY: PY: 092057

E .57 F°]:105 .63 %0]: 83
R*: P*: 0980.54

R*: P*: 0950.76

Z .84 %0): 169
R*: P*:0.890.50

X .58 Zo]: 129 E .80 o] : 130
R%: P*.0.830.45

RY: P* 063062

38 3-2. 7 A% 54 A R e P e o
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v AladelMe wdd xgkeg QlAlsb
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wox FelEw Reler] A Ayl AHelzh=
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o] vehte A& & - UL Eolet wold v
o] ¥E wdd Ae] At elE2A vehdel ol
ol-g3hd A-2-¥e] ZHAe] Yofuirjats Z7d <l
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9 2L o3 s B9 HEEE HAF
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HERE W] A viehle sl 232 A
FEe AR W] Vel de A%E BT
2 9k

gle} zo] ozl A}gg HAE 8] R o} Pg
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Bbg g 5 9ok
o T 2] A4 R > 051 P ) 092E 2%

w25
& A% 3R] dohd AS-: R (051 =&
P 0929 7o

ol 0] YARE Aele) Flol VI
Fol w9 At A Ahe] Yol AP
& B g S ek

V. AJAH T A o8

4.1 og &4
Computer : Pentium II 333MHz PC
Video Camera : Digital 8mm camera
od4} Bx : ZiemaxA}¢] Megapeg board, 15 frame/
sec
A oAb Al Ok =2 (e FA, ek AR
ded
256%256 8bit gray level AVI <A}
AY A ARES S #d 50 km/hot
S& E2lA Zgsigdct shleRe] Fele SMA
Zellx] #edrigicl 9 de] A% 4 T2
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ol dak #A] Bole algke] GAERA o]
e Al 3] Ao HEE FESIL o AR
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2pe] ARE FAZH FRoE xep 24 upas
BAsle] S3e] Ha 9le-& BeiFgint
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Aeke] 7t AREE sl Qiok

0;(p=1..K)=f(C,F.R,P) @.1)

714 n& AR WEI, K& -23e]+& blob
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Multi_Vehicle_Track()

l y
Back_Inital();
BufferQ) = Back_Inital();

Vehicle_segmentation()

{
Vehicle_seg = Bufferl - Buffer0;
get_vehicleFeatur(Vehicel_seg)

int Vehicle_center[2]; /| A= £4]
float PixelCircle;
float WidthHeight;

Adaptive_backgronnd()
{

if ( diff > threshold )
BufferQ = Buffer2;
}

1
Vehicle_Tracking(VehicleFeatur)

{
kalmanFilterQ; [/ X 917 34,45, 3

Occlusion()
if ( WidthHeight > 0.51 )
{

if (RatioVehicleBox > 0.92)
ocelusion = 0;
}
else
occlusion = 1;

!
1

) 27] 973 H= AR
// bufferOs]] wj7azbs 41
Bufferl = GetFrame(); // ¥} frameS Bufferlsl] 94
Buffer2 = GetFrame(); // wiZ3A=}F $13F W) frame 1%

/I #Kdiffernce) o]v|#] 7]

J/E
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HistogramInital = Histogram(Buffer0); /7 s|Ae]»]A] &2
HistogramCurrent = Histogram(Buffer2); // @z]¢]n|4] 3]2~8 23]
Diff = |HistogramInital - HistogramCurrent|;
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4-63} F29} )

B 2. AR R AR

Qcclusion
Image| Car | C(F4#®) | R* | P* au

1 x:208 y:91 0.87 [ 095 X

1 2 x:131 y:65 0.5 0.97 X
3 x94 y43 0.81 | 097 X

1 x:222 y:125 | 0.82 | 094 X

2 2 x:131 y:74 057 | 097 X
3 x:94  y:60 0.77 | 096 X
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4 29} 3 | x:117 y:128 | 093 | 065 0
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