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Abstract

B =R FFdxe FHgH AMg Algse
Multi-sensor Al2HAA J4 JRE 5 2 F
A 9 4 dedt g4 BEdted Had A
o} object 7|¥te] F3 wyg stk ARk
Z7 4329 BRE consistency® FX3H=d
o 2y e dad e FEsy] AsAs
EAle HYE HEgs ¥ & £ Y& FFHo| F 43}
o}, o] & §138] CCDet IR BAlY) Mg 7t A
A 713} object 71 two-step 73 dRIYFL
%3] consistency9olx=, Al HHYE estimationdt
o Q4o FaoF HHAE £ Atk B =FddAc
ITS ¢ ETCS application® 913 ©|F A<l CCDs
IRY ofzt 28 FAFRE o] &3t GUIYEHE test
3o

Introduction

438 71e€ F% o8 application dlE traffic
surveillance system©l\} security system¥ #2 &
of7t glon, olE HotdlAdE multiple objectE FA
o 233ln 259 XY WF & EAdd & A
= 7l&o] 23 HA AL Aol AR 31X &L A
qHE AEL B3 {FE AFsE ITS 9o &
B.o}Ql ETCS (Electronic Toll Collect System) ¢ 2
& H$-8 »Y field of viewHle] 2] F7 #glo]
ohlg} k3o Qe Al4d WHAE AFE Lollo]
AL QAT F UL UEY A4S U5 F+ e
710l "ot a8y digkded F4 A9 F3
9ol <ld] BaF Fo UAE Lohdes RS F/

oft %9 W3}, FHPAF W Toz2 U Y
A gt oA o] fF =2 AFAAY AN2"E AR F
FRge 9¢s o,F5,49 Z7Te JteEde $£2¢
sjgel A1l & =gdME FFHole AFE
tracking 3t o] WA E &3] wdso, 2717}
ohd dFel 7wt & AF L AY ¥ + Y& X ¥
5 7189 e osaxt @

1. Problem Formulation

F/ok2t, 918 B0 robustd AMZE R AME &
F A%[2]. 23y dide) A% F o e FRE A
22 CCDAA S RAAME AHE317]2 84tk CCDAl
AME IR WA Bgstd 289 trackingd] AM&EA
gAY, F/opt 2He AW HAL, ok headlight)
of 9% 4L Hxs Al £ UdE AHYY FH
g4 Holn, o8t AN E AN F4L AREHTF
o] adaptived object segmentation CuHES F8
moving blobW& FE3A H3, olgA F5d
moving blob& %8| trackingg® FY¥FA LU}
Trackings| A& field of view W& moving object®

Z  #Y  object®  FHIUI,  occlusion®
consistency® A, AEE ¥ Q9

estimationg sfejof g},

2.Detection of moving object

2.1 Z9¥3te] robustd AA =

CCD %42 ¥R, oft 449 head light 5 1
Wke]  wle wAsiE, R 94 Afd o
intensity W3, FE3 noise FA TATL F
AR BAo 25 AL 37198 Retinex ¢unIdEL
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&3t Gl i AHE 3T} Retinex &
color 9429 Z RGB plane o ¥ pixel &3 F4
pixel #¢) HlE& A &3, dynamic range compression,
color  constancy, image sharpening, color
rendition S A#E G ALgHo Ae
gz gt (1)[31

R.(x,y) = log I,(x,y) - log[F (%, y)* I,(x, )]

I,(x,y):the image distribution

in the ith color spectral band (1)
F(x, y):The surround function
R(x,y) : the associated retinex output

* : the convolution operation

Surround function & # ¢} width ol 93] output °|
WststA e, E A7 H$AG F5E AL
3} (2).
g2 _4.
e
(9

q : width of gaussian function

F(x,y) = exp(~
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29 1. Histogram Equalization of Retinex
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% 2. Intensity adaptation of Retinex
( q=4, q=40)

2% 1., 29 2.9} 2] surround function 9 width of
o2} intensity 7t A @dse FEE AA ¢ 5
on, ARzl R ojME contrast & Y F
At Mono type 2 IR d42 Y e o3
sl AAle Agd D& intensity W3E FAA
dFEY. B dPdME g=4 ¢ width & A&
F4(3)& AH83td, CCD 9o ME 23 AE AAS
AFZE A, IR G804 A2l @& intensity
W3e} noise 8L T4 ARG (29 3).

(a)e (bl

(el (d)e

39 3. Result of Retinex filtering { g=4)
(a) (c), original CCD/IR Image(night)
(b) (@), filtered image of CCD/IR

R (x,y) =log(1,(x, ) +17°) = logl(F (x, y) * I,(x, y)) +1”°]
i:1,2,3 for RGB plane

Result, = (R, —min(R,) — mean(R,))/0.005+127.5 3

2.2 Adaptive background estimation € &
moving block & #¥]

AAYE AR DAL moving object detection &
T3 24 SRS F8 A fo Inter-frame
difference & A}l€38ld Moving object & AE3=
w2 AA temporal change o threshold &
# &3t binary 3 3= WA statistical test &

Hg3e P40 et [4105].

2} Image e
A

o

< i hash b} Estimaread backsround

B)&l
Background update

1% 4. Adaptive background estimation

£ =8dA € binary 3 WA Modified Adaptive
background estimation & Alg3lFcH2d 4)[6].
Retinex filter & AXYW  dynamic range
compression ©} ®Wo] dojit, background 2] 7J4ld]
8¢ hypothesis mask(Z¥ 4.0)9) AX 2 moving
block 9] threshold #te] A€ol oFA €ch welA
dynamic threshold value & A48t dznaZe AN

dor & darst ych(4)
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By, =B, +(,(1-M,) +a,M, )D,
M, (x)=F(D, ) & (~F(D,))

(4)
F(X) = {1 I X(x) [>Ty

0 otherwise
Ty =median{Localmean (X)}+ o(X)

3.Tracking of Multi-Target

Multi-target2 tracking Fcd ol detect®
regiong® B3 Z B 99 AL Fla,olE
measurement® 3}, KL, PDA, KL-IMMPDA filter%
& 53 Tracking® 33 Wio] F2 AH&H
Ak, a2y ol WHE 59U Objectd REAHQ
detection®] ®°] 714 # ZA$ trackinge] 1A
2o d7AME 98 dd g e ¥5g
e WY #o] Fastnz, adHQ tracking
M= £89 measurementEo] FY objecty
A = Qlojof g} kA 2 AT 2
99L& 12} measurement® 5t A Z& objectE
ol o] & trackingdti, ¢ H HEE T3 £
7} #BAE JtHok & object® AATI, region
estimations §3 F&e AT WAE AL FA3)
7} two-step tracking algorithmg A|¢tghc},

f o mo >

Iy 5. Divicied region in same object

3.1 Two step tracking algorithm

AL L2 E L object based trackingS FH T},
AA FZE New object search®} Object search step
o2 FAET New object search stepoll e 2}3e]
occlusiond #&slx, 24 A4, £X measurement
9 regiondEE 38, ol& T3 B objectd

grohl S53tA €.

(Cmage )
Preprocessing
-

Detection

Search

Object
registration

.
Measurement
Search

test Wehlcla Image
Object
termination

a9 6. Block diagram of two-step tracking

th& dA9l Object search stepolAj+ 2}%2) region

estimation 715& #7k8hed AVANH $5E object
of W A AF FAS 3ot AXel AHSA A
e PR - |

3.1.1 new object search step

New object stepl A1+ 73418 moving blob detection
ZIH7.(a)E B olvl TEE objectE: AT
BEo sy H2H new objectd BHE A4 HA
T2 7.(b)). Z new object’} 7FRI X %= region
AEE ¥ 407 5o] measurementd FFE %
Absar, olwf g4 Y <olA BHE measurement
7t 24 4o 50%ol4 E#Y w consistencyE ¢
At (28 7.(c). False alarmo] 93} A7 regiondl
AAME T4 4% stA 2 measurement?t Vb
Bzl R g%, missed detection® st 3
frameold A& FAFT}(2E 7.(c).4%¥ region)
Tracked ¥ new object®] measurementE &3 7
Ho| A2 524 new objectZo|tH2¥ 7.(d). A
< WAE 5F new object& & FAlsto
consistency, velocity7} §%3# 3% objectZ 5%
o}, o]l#l¥t test step & application =l ZF &
2780 UL F 3den, 2 AYelMe @ oz
At o] 5 el AFUS MUSGEE Y.

(&

2% 7. New object Search step

3.1.2 Object search step

Object search step® New objectst T2% Wd 9o
& A@AA SEH Object?d regiond Wal WA
o}, Z#y Object stepolldE <o AlE&d GAS
o7l Al A9 region? estimationdtE 7]%0]
Z7t5 v, o]2] & region estimation® E3 Y w&
objectzte] REH HAF <& YElE occlusion
2 59 object?] measurement’t ¥-AHE Ao o
FME FY objectZ A LA trackingS s
Z F A 8).

3.2 Occlusion reasoning
Two-step tracking® & gnaEFL objectd
tracking@ Aol IAIHQ GAE Fo2M, regiono] A

- 361 -



A& occlusiond ZHSoE EE&HOEZ tracking® F
83l™, occlusion FEE Hold object’t A9 ID
2 tracking@ B & A& 4 32 YL ¢ F UG
(24 9).

Y 9. Tracking under occlusion condition
(CCD).

4. Conclusion

A Z7A 44 94& 9% Moving objectd] A
region detectiong $}%t, CCD/IR Multi-sensor
systemT @] Bad HAAH2], Multi-target tracking
2 Fo) o AFsHch

249 10. Tracking of moving object in IR/CCD Image .

S8 AXNHUE  Fs& Adaptive
Background Estimation® Al43% moving object
detectiond & WS 4 A7), Two-step tracking
algorithm& 53 71€9] Waoz s4sr] g 54
W&k object® occlusion ¥ E¢H3 measurement,
missed detectionol] ¢]3] 2A3= consistencyS 3
At AAHQ tracking® Ao} WRF AFYEL
7vedtAl 8ttt Multi-sensorE AM&-%+ application
system 19 1134 22 FXE /At gy
Future workQ.Z¥ 3 HRE B¢ F AM49 =E

Retinex&

registration®& % Y A% &< g € CCDs
IR G4el A 2alg sk did a4 wy Agdo] ¢
t}. Multi-sensor systemolA @ A FA4L
Decentralized fusion ¥4 $& F3 23 Ay
AMEE 4 9lth

vehicle data

Vehicle Recognition

v

t— IR sensor Vehicle data

3% 6. Block diagram of tracking and registration
algorithm
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