20064 9@ T35
=z 2006-43T7C-9-9

Py B4 7]

o 7|8k

=2x A 43 ¥ TC B

H9s 69

WE BUHE Alzglel] #d 24}

( A survey of traffic monitoring systems based on image analysis )
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Abstract

A number of researches on vision-based traffic monitoring system have been carried out. Most of traffic monitoring
schemes belong to one of two categories: analyzing of entire traffic scene and examining of local region. However, the
proposed methods suffer from severe performance deterioration when applied in different operating conditions because of
the loss of robustness. This paper is aimed at surveying various methods proposed and analyzing the advantages and
disadvantages of these methods. Also we propose and investigate appropriate approaches to solve the problems in specific

applications.
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Fig. 2. Flow of vehicle detection using background.
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Fig. 4. Example of vehicle detection using BMA,

(@ t frame, (b) t+ 1 frame, (c) motion vector,
(d) motion vector(after vector median filtering),
(e) detection result.

a3 3 i FAE o8 X AS o, qE ZAY Aelol A5 5199 g9l Hed 7 3l
(a) AL (b) HHZ P (o) ARk © B2, Cucchiar™e Z#Q Hol2 A 29 9
(o) olzlat, (o) 24E 2T a5 A7 Zaelel ojx| ARE AT AT dALS
Fig. 3. Example of vehicle detection using background, A
(a) input image, (b) background, (c) subtraction, s ] e
(d) thresholding, () detection result. ZHY olnrt A A A= FAHY WY
) (motion vector)E A&3t= Aotk §3Y WEHE &
X]' 05]9_'3 Z'“}]ﬂ" O]‘EI"O'IX]D:], o(:)]g:} 7]}:\]} —’F’ﬁ(region— % Zé_@' %}ﬂa%(block rnatchmg algonthm BMA)‘%
based tracking)ol A F&89 o8 oA 2% 44L& olgdts Aoz, Stefano[%]i’—} Bartolini’”-&  BMAO]
FASHA ") ajd 9GS o) &3t AFE HESE os ex9 WMEE A=stn WE 294 FE (vector
719 A dde 29 3% 2k 28 3NN dian filten@ol «laﬂ e AAsn RS
Aoz FAE Fee MR HE 37 9 ga 999 gzean BMAE 433 AW 2ol
Aoz FAE FEE oFE 37 dHeld 1™ Bt Al z}ol(mean absolute difference, MAD)Y A
39 Uehs 22d A% 99 99 7 44 #3389 2A AT 2 (normalized cross correlation
A3 +8€ 5 sl function, NCCH)E ol &3t REEs} & 258 2

cEg £39 MHE AN + Aok 4QF 4@

2. &% =8 0l8sic A A A PSt Qe ARY 852 ovisil, N 25 2
94 Aueld 399 A2 ol TAAN 4 1z yeag,

BE olgste] A HEY &tk Y FAE W :

2 ox ZYYEHe Brle W Adsel §4 MAD= % YIP(,y)— Q)| ®)

R AL BEIHE Aolth AQE wed o1 X

3] WL ol gl YANTYEG 2 F9g S Pe) Q)

349 Jdoz AGshe dolnt. =

A= %‘—1 ]o ]’ °ﬂ \D} NCCF= \/EP ooy EQ w,y) (4)

$49 AT olgse A BRAE e

A@zE 4 Zdddd A7 EA8A g 9 T8t AF FdGvitt AF 24 2719 HF A

(1061



r
o
oo o2 L

ok ﬁ: ar dr

=
Al i

I8A4 ARE o]&3std AFL A
Tzomakas™= AR o] 28] dojx
T qAE Htdl

(@) (b)
38 5 @A ¥y,
(@) 3 J4 (b) olF FaHAX: 63)
Fig. 5. Shadow regions,
{a) input image, (b} binary image(threshold: 63).
E 1. Lee™7} dMokst J2IKle| B8
Table 1. Shadow types proposed by Lee™.
28R R =73
% oyl o A L 34e
Lay 294 3 At 2 o]ojA L ¥4ga)
i~ ) 8
3 a"A SH gAY A3 F 99
y agxt a8 Ao A8 YR 4% 99
ZHagx w2 Ay &9 oz
. EA% dAe] QE o5 A
PR ATE B e
FEG @A [a-A} ofd oFEE 9y

2ot W& ZLHY AL 2B ZA

(1062)

OlEf= 9

Q

=

ARE A

i,

L o0

|
L&Z']

=

1=

2l & AH&-3t

o 2

&
ot o

2~
T

4. BE J|4t X1H HS

=29 79k 3% A% 718e Koller™ ™o ofaf Aot
HA Kollere 32H 2H#e) oA d4S 224
ot 18 63 o] YFAS gatar, Al o
3 AFe FHe gk Kollnig™'e o|xgd oA
A& AHESHA] g3 G 7187) H&-3t
Agagith. T3, Mukerjee™= 213
YA 22, vAgA Az 7HF A
e FE AEstn -3

Jolly™= W% ¥ ul(deformable template)d ©]&
dted A% JAe Bastn EFatgen, Suliva™

7t 502 49 A9 129 FRE o] &3}y
lFe AEsn FHd9 £ Tal's 5% &3
W(active contour mode)™& o] &3t ke 7
ta ot '
i

LA

>
ol

7

o8

(o)

o,
e i
o} ox oo

oz

=
=2
=
o]

>l

=

[~]
o
=

Ir

L.

Wi

Wy o
o o
)
Ol

2l
52
p

2

N
=

&2
flo

4

3
ot _ﬂ,

o
e

k)

2 AAE 227t obd AGE A A
o f&3tt.

o K
)

sedan mini van
3% 6. Kolle®™7} A3 Af2k @ o] of
Fig. 6. Example of vehicle model used by Koller®"®,

pick-up

5. ORt Xt HE

PRES] AFAME F7 At g HAyue o
F3 Stk 2y 2% 2UEE Axdoz Algsd
W F7h3} ofzhETk ope} ofzto @ WAHE A7ty
A £43 45g dehdo g g 2y 7ol
B YAET 2ol ozt Aol W AF AL v
$ oYk a9 79 $E 9ASe e AR o
24 E4o] TEA UetE gaSolm, olaE 94
£ FoA optoz WAEE Azl A=W o
Aolth o)A ThFd GRS UG & glong,
oRZF R AEe vige SA4d wed A AF
71 o] efel e},

Cucchiara® 9} HHAAP1E ofzt odabel e H2E



20064 98 XMXZEE =X M 43 A TCEH H 9

=H

CHakst ofZt A4t
Fig. 7. Various night scenes.

7.

% A2 AF AEE A e Fel diE ol
s A AES AHE olgeld WE5E 3
Fot1, AEd T AETY FEEE o83 AxT
Ae AEFAG 2T Ao AF AES dlste
712 A% A7) FE] YN, E Az A 3
o A2E olgsted AFe B

6. Xt =4

A% F4 7Ige 29 79k F2(model-based

tracking), 9% 719t F3(region-based tracking)® &
A 718t A (feature-based tracking).2 EH& 4
Ack. 2d 7uk 242 4doA AFd 2E 79k A
2 78S guigtt 99 7 F3L 14AA
ol &3te A% HE 7ol 28
A AEE o]&3te A= AE 7IHel

1o A ZEYelA HAEE AFl
ey HEFD AFe AN
Aoz YiE Kalman ZH

e 29 2de 7ML Kilger™ol o8 4
Atk Kilger™e #4) A% 944, &5, 4% F,
A4 (plausibility), Kalman @Eejo] 93 oj&d thg
zH4 E£EE5 o] &3t AL FH3
t o& 493 P ke 49E A A 9A
2 BAstn, B AAd F3 Aol givtd AEze
7 AFo g AA}AY FH9 FEE dF YAVt
F4 99& YouAY, 334 o3 ZasHe HaA
o] AR B} ow AL FRIFE

7b3 7Hee Kilger™®el 718 2350] Rol: &
Fo A% HE gAY @ AAE HET F U 99

(1063)

73

2 sk A z3

FE(reasoning)°ll 93l A

7¥ FA oA

(constraint) & Fil

e EAE

9tk Veeraraghaven™ e 728 $4% 49 59
g Azl E29h ol doubA] ¢, A2 d9ge
A71RT Holx uk ojiFe] MY F FHol & yi¢
agFolghe Aok 20 E Fu FH4H

=4 79 33 78S AHEF Coifman™e 349
Tl =(gradient) & °l &3t EAMZYES HEsa

Kalmam BEE o|83t] FH3ftt . 2449 5
#7 99¢ Holud 1Y ARE o3}

° o=
(e}
£ #3

)
m ©

E orlo 4n ox
ok

9 8% o] szt
AA F5HE 34l HEE Yehez Y
3 abgrol Ao wEkA Rd 27)7h v2A vebd
F Adok Y ZR G9E AAEE e M E
A8l7] & HAo) X HA F9& AAste] HAbe
o3 AA J4E EAse JIHEYG 2HHY 5 Q)
o AN, 35 G99 PABIEE AR Hojle A
F 49& #aslr] AHo. £ oY =7 4
Arsle 7IHe 3A Z2AAY &R A s
AN g o2 3 BYHI A2"dS AA3
7] st @ol AHEH AT

T8 JAe AARIE 7He 35 949E 28 9%
Zo] ook wyor MAste] AdstA €. 1d
oAA oA} FAY ABE o] &35t
#dsta, 23 9b)e FH 99 W
dhate] Atk a1 29 9oE A

sl

Lo
=

= #HE

I 8 ¥
Fig. 8. Perspective transformation.



74

==
Fig. 9. Setting of local regions.

9. 2L dodo My

Aol ofF 4L
At HAA(FH)AA
A9 JHE

A4 9 ¥y A

=
y T

719 o]t
a3 Ya)st

0:1.9.

S =

EFE 3 7AA 4
A L

Hlaste] $E8 AEstE 7

Arbele 7o Lais

e 34‘20}%15}
o) zt Apdwict Aol X
% 129 AR E Wgsto] 2}
i Mlchalopoulos a8 9c)¢ 2
AN WA E o] &ate] AFE 7423}%

ulQl Atuoscope Al &#e
Mantri*e 2] £ & Qe 5 o
gt AARoR RIS YA E B
2 9(hidden markov model, HMM)<
o83t Z s4E 2 YA AFFor TEIY
o}, Tseng™# Znule Z3 9)x)e) Al F7 GAHS B
Aate] zabgs B AlFt 94 a9 108
o =5 A HAANA Azt whel TR G
oJul gt} AR AR AR s

A4l 54
o2 MAFo] o] A HWEtoF D Z Jiy

]

.

o —
oyl u}.E:r_u.
32

o

2
<

2o A2 g o3 dIHE S BN F
et

Michalopoulos™®= zH41e)] 43 ¢} -‘:r 7he] AR A
oa] AFe £EZ Azagont, Zu"e e 5
B AAAE At = g AFZ G4Hepipolar
plane image, EPD& A8, o] A1 83t 4ddA vt
ERd zhake) A8 AAE FE3 S22 A %3}““3}

AFZ G ALk FAH 71ge ol s
]EH§[3][4917]- Zﬂol'o}?\it} O]O:‘ZH[‘B] Mlchalopoulos 43
] jax},] ‘_E'MO _—gLJ,].x-l og xﬂy{d
F7tste] e BReAAR, oz

R3] $latel A
stk oz e
Fargen, 19 11
Lol NFT 94

S ZHEHZ ALHd

(1064)

et A

Ol ¢

a8 10, A37 HAk
(@) 2 HAab () MB7H g4t
Fig. 10. Spatio-temporal image,

(a) input image, (b) spatio—temporal image.

slope = velocity

EL ME
11. Velocity estimation using EPI analysis.

a8 11, EPI 240 28t

Fig.
&3ttt

© 2 Fathy?e
w2 o} A

9 Arete 7
71l HlsiM A £=71 9
z].k]oﬂ }\-] 14 s‘ﬂ—fs} nE

A zwo}u

-

é%”f& @43 ®Ast)

| &8t CIAFEHITS 71&
AN E B2 MR Ax" ngd Fhvgg

AA HS5E P izt wF BUEZH 7leo] di)

_Lzlo}gaq. o].z]n]- 0110]% i}ato]] /\4;‘(]% 7}‘]1]3]_0]]

A Ae] Aol FoBe AEd = 7)Y talA
E B AT o2 AYTH gxo)= Aol
=9 A% AN E WAL A7) oz o



20064 98 HAZ =3

(o]

A ey 2HHL sdels At
'&E}. Fste st A At Al (2}
= 719 o2 Smith™”9} Batavia®e= 35
(optical flow [59]° olgsted] gHol AFL HEET
24890 Betke®™ P Zaq] zjo]E o] gate] 2}
e 7A%5 9 Bertozzi P& 2H L TS o] &
sto] AEFE HEIAR, HAYM FvHE o] &3t A
£ A3 VHE ﬂl‘&ﬂ?}l‘:‘r[m}m.

ITSelA %W HAHE o] &3t A 7lg Fol
H3EH 24 7)&olt HERS AA de) L X
o] }”}D} t27] e Z7tnit AlgEHE WME
AA Jle2 Aozt Bk FA FuloA AAE 7
e dqx AR o gy a4 Hyn

ﬂ-‘{)“ oo

0&#

ol

bt

27
/_\_'

et °lﬂ rir

L
>,
A
o
fu

tlo o

o o
24_1{

e

X

ok
BT

rok o o

e oo o
U

)

5»
o
T

b

=)
L

o
Jo o
et

i Ao

o mn w

bt 2 i

ofl
I

ol
-

£ R 2 e

i
15

oo

=1
o
o
L.

A

=

T o2

2ol dlgk ¥
AEE E2o Al AR
T2 7hede Axse Aeolth oA £V}
0 AAel A Ansl wmao] AA
v F71 71eo] "Hastth 13y o
£ AR &, di7] doju £3=
Me 25 998 HABE 7IHR

=

E‘°l

=

e

oz

==X H 434 TC #H

(1065)

M9z 75

o 9% AL wdol Thed AA e B¢
T 718ol &7HAY Aol

2. WAIZ HH&

AR FolA Az ks g&dte AlzddAE
4" AFEe olF Aol FosEE, IF 9Y
HArpteze 787 ofdth wEbA @ A|2H
e HA Ggel tigh BAle] BFHort Eg o
&g st ﬁi{% Aol oz EFHoOF &

d Hsd A4 2 %X#ol

Ny S

2] EHTOH Qigoz 244 szt Ws o
g solete B xse] AFAA} o,

o7

3. At EX|
TE2E rYHYsE
ME AFEEA AL HAE AT

AL AFEFS B

g7 9l
Aed 4

t} A3 ARE Az %’M% FAREAA EHA
44 AZE 53l

a3 12 clefsl nEs AN
@ Eld, b) =, © Alst dhAl
@ =& WXZ, (e} 8, () ZEA}
Fig. 12. Various traffic scenes.

(@) tunnel, {b) snow, (c) severe reflection,
(d) urban intersection, (e} rain, (f) shadow



76 dd =40 J|2Ha

VL8 E

gl =2 FAelA AFE HESID

AEdte e 1Y did 1@ o
oA AHEE F Sle 7IHe EAE

4 BRE olgatd 2 JAL B e o
B2 AME AMLsE 71Ed O 98 7R
ARE 7K ok a25A4 Mg U@ EAE
4 RABRE ol &3t /ML 74T Jvety A
stol] NIz Ao 7R Rolh F347 ofry
A2l 71gel th2m, 2t §Fe et Hel )
Yol getd 4 Stk olgg ook I o E a1¥
12904 HRlth 28 12& 89 WE, T2t 4, 33
s AAE B2 ouoE 3 2t &4
F FRE B o3 BE Ao AL A
3 A&t FHE, g% uF FHE S
g ofHo}. gifie r|gdAe R A A
stete] dAsta, AREe X whA AHgAsF &
< 7188t JEE g=steor gk ey AlgAb
AL HA3EHHA g 2A FAE Mg
7 71ME BE7lE 4A gk s dellM o
78 0¥ 7HES dAlst ZF 3HE A A}
30d A8 AL HagletHA % A W
Sl Aol FAHE /M2 F4E F s Aol
o ael3 sttt s bk AHeste A,
Aol shvetel & o2 ulg ELAY A8 o
o FHeE AHgste AE 4% A4S A% iy
T Qo B3, A Aavtez 4es 4A BuEx
23 B A dis) dFste «oSskA] £33 gl
e dagE Beto] N&A R o] Folx ot}

B o Md rfu of

_?_l:

.
s

x

tlo
=

f

nE 2UHZ ALH E ZA

OlEfZ 2

o

P '5‘—_-|

Ho

(1] ol=#, “ITSY 712 Mdd Il - 9 7 5
WA AbFeE R, A28, AbE. 22-26%, 20014
54

2] B=d, “ITSY @A A%z A di3rdzz st
3)%], #2884, A5z, 22-26%, 20019 5¢Y

[3] oz, drdel, “AlF3 43 Ao 93 ZAF
AF ZYEHFY A2 A=A LZE
o] 2 88 A31Y, AllE, 1534-1542%F, 20043
114

[4] Z. Sun G. Bebis and R. Miller, "On-road vehicle
detection using optical sensors: a review,” The
7th International IEEE Conference on Intelligent
Transportation Systems, pp. 585-590, October,
2004.

[5] Z. Sun, G. Bebis and R. Miller, "On-road vehicle
detection: a review,” IEEE Transactions on
Pattern Analysis and Machine Intelligence, Vol.
28, No. 5, pp. 694-771, 2006.

[6] V. Kastrinaki, M. Zervakis and K. Kalaitzakis,
"A survey of video processing techniques for
traffic  applications,” Image and Vision
Computing, Vol. 21, No. 4, pp. 359-381, 2003.

[71 Y. Park, "Shape-resolving local thresholding for
object detection,” Pattern Recognition Letters,
Vol. 22, Issue 6, pp. 883-890, June 2001.

[8] N. Friedman and S. Russel, "Image segmentation
in video sequences: a probabilistic approach,” In
Proceedings of the Thirteenth Conference of
Uncertainty in Artificial Intelligence, pp. 175-181,

-

August 1997

[91 K Karmann, A. Brandt, "Moving object
recognition using an adaptive background
memory,” in V Cappellini(ed.), Time-Varying

Moving  Object
Amsterdam, The

Image  Processing  and
Recognition, 2, Elsevier,
Netherlands, 1990.

[101C. Stauffer and W.EL. Grimson, "Adaptive
background mixture models for real-time
tracking,” IEEE Conference on Computer Vision
and Pattern Recognition, pp. 246-252, Colorado,
USA, June 199.

[11] G. Bailo, M. Bariani, P. Iljas and M. Raggio,
"Background estimation with gaussian
distribution for image segmentation, a fast
approach,” IEEE Ingternational Workshop on
IMS 2005, pp. 2-5, March 2005.

[121D. Gao and J. Zhou, "Adaptive background
estimation for real-time traffic monitoring,” IEEE
Proceedings of Intelligent Transportations
Systems, pp. 330-333, Oakland, CA, USA, 2001.



2006 9 TXESHE =X M 43 FTCHA S =

{131M. Kilger, "Video-based traffic monitoring,”
International Conference on Image Processing
and Its Applications, pp. 89-92, Maastricht,
Netherlands, April 1992.

[141 M. Kilger, "A shadow handler in a video-base
real-time traffic monitoring system,” IEEE
Workshop on Application of Computer Vision,
pp. 1060-1066, Palm Springs, CA, USA, 1992.

{15] S. Gupte, O. Masoud, RRK. Martin and N.P.
Papanikolopoulos, "Detection and classification of
vehicles,” IEEE Transactions on Intelligent
Transportation Systems, Vol. 3, No. 1, pp. 37-47,
March 2002.

[16]D. Koller, ]J. Weber and J. Malik, "Robust
multiple car tracking with occlusion reasoning,”
Proceedings of 3rd European Conference on
Computer Vision, pp. 189-196, Stockholm,
Sweden, May 1994.

[171Y. Jung and Y. Ho, "Traffic parameter
extraction using video—based vehicle tracking,”
Proceedings of IEEE Intemational Conference on
ITS, pp. 764-766, Tokyo, Japan, October 1999.

[18] O. Masoud, N.P. Papanikolopoulos and E. Kwon,
"“The use of computer vision in monitoring
weaving  sections,” IEEE Transactions on
Intelligent Transportation Systems, Vol. 2, No. 1,
pp.18-25, 2001.

[19]1 B. Maurin, O. Masoud, and N. Papanikolopoulos,
"Monitoring crowded traffic scenes,” Proceedings
of IEEE 5th International Conference on
Intelligent Transportation Systems, pp. 19-24,
2002.

[200H. Veeraraghavan, O. Msoud and NP.
Papanikolopoulos, "Computer vision algorithms
for intersection monitoring,” IEEE Transaction
on Intelligent Transportation Systems, Vol. 4,
No. 2, pp. 78-89, 2003.

[21]1C. Jiangwei, "Study on method of detecting
preceding vehicle based on monocular camera,”
IEEE Intelligent Vehicles Symposium 2004, pp.
750-735, June 2004. ’

[221X. Ji, Z. Wei and Y. Feng, "Effective vehicle
detection techinique for traffic surveillance
systems,” Journal of Visual Communication and

Image Representation, Vol. 17, No. 3, pp.
647-658, June 2006.
[23]IDM. Ha, JM Lee and YD. Kim,

"Neural-edge-based vehicle detection and traffic
parameter extraction,” Image and Vision
Computing, Vol. 22, No. 11, pp. 899-907,
September 2004.

[24] BHAIA|, oldA, BFode], “mF YAl A= A

(1067)

77

2 71Hell B3 A7 A3 G A2 L el
of #3 YIAF UE =EFH, 159-164%F, djA,
19993 24

[25] R. Cucchiara, M. Piccardi, and P. Mello, "Image
analysis and rule-based reasoning for a traffic
monitoring system,” IEEE Transactions - on
Intelligent Transportation Systems, Vol. 1, No. 2,
pp. 119-130, 2000.

[26] LD. Stefano and E. Viarani, “Vehicle detection
and tracking wusing the Dblock matching
algorithm,” Proceeding of 3rd IMACE/IEEE, Vol.
1, pp. 4491-4496, 1999.

[27] F. Bartolini, V. Cappellini and C. Giani, "Motion
estimation and tracking for wurban traffic
monitoring,”  Proceedings  of  International
Conference on Image Processing ‘96, Vol. 3, pp.
787-790, Lausanne, Switzerland, September 1996.

(28] ]. Atola, P. Haavisto and Y. Neuvo, "Vector
median filters,” International Conference on
Image Processing, pp. 177-181, Kobe, Japan,
April 1990.

[29) C. Tzomakas and W. Seelen, "Vehicle detection
in traffic scenes using shadows,” Technical
Report 98-06, Institut fur Neuroinformatik,
Ruht-Universitat, Bochum, Germany, 1998.

[30] D. Lee and Y. Park, "Robust vehicle detection
based on shadow classification,” The 18th
International Conference on Pattern Recognition,
Hong Kong, August 2006.

[31]D. Koller, "Moving object recognition and
classification based on recursive shape parameter
estimation,” 12th Israel Conference Artificial
Intelligence, Computer Vision, December 1993.

[321D. Koller, K. Daniilidis and HH Nagel,
"Model-based object tracking in monocular
image sequences of road traffic scenes,”
International Journal of Computer Vision, Vol
10. pp. 257-281, 1993.

[33] Kollnig H and Nagel H, “3D pose estimation by
directly matching polyhedral models to gray
value gradients,” International Jourmnal of
Computer Vision, Vol. 23, No. 3, pp. 283-302,
1997. .

[34] A. Mukerjee, S.P. Palanisqami, R. Gupta, Em
Kumar and GP. Kulkarmi, "Vehicle tracking in
image sequences,” Intemational Conference
CAD/CAM robotics and factories of the future,
pp. 304-316, Coimbatore, India, December 1998.

(351 M. D. Jolly, S. Lakshmanan and A. K Jain,
"Vehicle segmentation and classification using
deformable templates,” IEEE Transactions on
Pattern Analysis and Machine Intelligence, Vol



78

18, No. 3, pp. 293-308, 1996.
[36] GD. Sulliva, KD. Baker,
Attwood and P.M. Remagnino, "Model-based
vehicle detection and classification using
orthographic approximations,” Image and Vision
Computing, Vol. 15, pp. 649-654, 1997.

f371]. Tai, S. Tseng, C. Lin and K. Song,
"Real-time image tracking for automatic traffic
monitoring and enforcement applications,” Image
and Vision Computing, Vol. 22, No. 6. pp.
485-501, June, 2004.

[38]M. Kass, A. Witkin and D. Terzopoulos,
"Snakes: Active contour models,” International
Journal of Computer Vision, Vol. 1, No. 4, pp.
321-331, 1988

[39] B. Coifman, D. Beymer, McLauchlan and J.
Malik, "A real-time computer vision system for
vehicle tracking and ftraffic surveillance”
Transportation Research part C, Vol 6. pp.
271-288, 199. '

[40] D. Beymer and J. Malik, "Tracking vehicles in
congested traffic,” Proceedings of the 1996 IEEE
Intelligent Vehicles Symposium, pp. 130-135,
Tokyo, Japan, September 1996.

[411AH lai and NH  Yung, "Vehicle-type
identification through automated virtual loop
assignment and block-based direction-biased
motion estimation,” IEEE Transactions on
Intelligent Transportation Systems, Vol. 1, No. 2,
pp. 86-97, 2000.

[42]L. Wixson, K Hanna, and D. Mishra,
"Mlumination assessment for vision-based traffic
monitoring,” 13th International Conference on
Pattern Recogmtlon, pp. 56-62, Vienna, Austria,
August 1996.

(431 P.G. Michalopoulos, “Vehicle
through image processing: The Autoscope
system,” IEEE Transactions on Vehicular
Technology Vol. 40, No. 1, pp. 21-29, 1991.

[44] S. Mantri and D. Bullock, "A neural network
based vehicle detection and tracking system,”
Proceedings of the 27th  Southeastern
Symposium on System Theory, March, 1995.

[45] J. Kato, S. Joga, J. Rittscher and A Blake, "An
HMM-based segmentation method for traffic
monitoring movies,” IEEE Transactions on
Pattern Analysis and Machine Intelligence, Vol.
24, No. 9, pp. 1291-1296, 2002.

[46] BL. Tseng, C.Y. Lin and JR. Smith, "Real-time
video surveillance for traffic monitoring using
virtual line analysis,” Proceedings of IEEE
International Conference on Multimedia and

AD. Worrall, CI

detection video

g ZUEHY AL

(1068)

#E A

Oz 2

Expo, pp. 541-544, 2002.

[471Z. Zhu, G. Xu, B. Yang, D. Shi and X. Lin,
"VISATRAM: A real-time vision system for
automatic traffic momtoring,” Image and Vision
Computing, Vol. 18 No. 10, pp. 731-794, 2000.

(48] o134, olthZ, uredel, “A|F7r FFEM &%
AAZF oE 1451_ Az 7]%" ;ﬂx].:'-zﬂ—;;] =5 ]
A374, SPH, A4z, 11-19%, 2000 7€

[49] o]t} 5, atd e, “d E7Y AT B4 24
o AN NFAHE FHE AE 719, A2
3 9 A" 2 ol #E YN LR
347-352%;, AT, 20004 1€

[50]M. Fathy and MY. Siyal, "Measuring Traffic
Movements at Junctions using Image Processing
Techniques,” Pattern Recognition Letters, Vol.
18, pp. 493-500, 1997.

[B11M.Y. Siyal' and M. Fathy, "A Neural-Vision
based Approach to Measure Traffic Queue
Parameters in Real-Time,” Pattern Recognition
Letters, Vol. 20, pp. 761-770, 1999.

[52]SM. Smith and JM. Brady,
Real-time motion segmentation and shape
tracking,” IEEE Transactions on Pattern
Analysis and Machine Intelligence, Vol. 17, No.
8, pp. 814-820, 199%5.

[53] PH. Batavia, D.A. Pomerleau and CE. Thorpe,
"Overtaking vehicle detection using implicit
optical flow,” IEEE Conference on Intelligent
Transportation System, pp. 729-734, Boston, MA,
USA, November 1997.

[54] M. Betke, E. Haritaglu and L. Davis, "Multiple
vehicle detection and tracking in hard real time,”
IEEE Intelligent Vehicles Symposium, pp.
351-356, 1996.

(551 M  Betke, E. Haritaoglu and L.S. Davis,
"Real-time multiple vehicle detection and
tracking from a moving vehicle,” Machine Vision
and Applications, Vol. 12, No. 2, pp. 69-83, 2000.

[536] M. Bertozzi, A. Broggi, A. Fascioli and S.
Nichele, "Stereo vision-based vehicle detection,”
Proceedings of the IEEE Intelligent Vehicles

- Symposium, pp. 39-44, October 2000.

[57]1P. Barham, X. Zhang, L. Andreone and M.
Vache, "The development of a driver vision
support system using far infrared technology:
progress to date on the darwin project,” IEEE
Intelligent Vehicles Symposmm, pp. 545 - 549,
October 2000.

[58] D. Ranzato, “Vehicle detection and localization in
infra—red 1mages,” IEEE 5th International
Conference on Intelligent Transportation Systems,
pp. 141 - 146, 2002.

"ASSET-2:



2006 98 MxtZeE =EX M 43 A TCEH N 9 &

(59]BKP. Hom and B.G. Schunck, "Determining

optical flow,” Artificial Intelligence, Vol. 17, pp.

185-203, 1981.

HYR, 9%, ALY, TEAA, “AFRE Y

AYE o] 8% AF MIW FZ5 Wi AR

3 =T, A24R 2%, 309-314%, 1987 3€

61l HA %, HE, “OF 97 AFLE o8 &
#F Howel Q) dx3Ags =84, A2249,
113, 2432-2438%;, 1997 11€

(62] #4449, AT, $AE, 714 ¥ HIH F
de] A& d=xZdl=x8ts] =74, A4H, A3s,
125-130%;, 20043 9¢¥

[63] ol& %, “AAEa HET G E&HQ HEH
29 HE &R AHA 2 e F3HAFEHA
B33 =84, A10Y, A5E, 87-93%, 20064 11
|

(60]

64] 255, 288 “$Ad A AAF RAH 3
2ET 3 49 AEe o] &F AF Wzw ¢

A d32%E =EA, A3 13, U-100%,
19983 1€

[65] T. Zhao and R. Nevatia, "Car detection in low
resolution aerial image,” Image and Vision
Computing, Vol. 21, No. 8, pp. 693-703, 2003.

[66] S. Hinz and U. Stilla, "Car detection in aerial
thermal images by local and global evidence
accumulation,” Pattern Recognition Letters, Vol
27, No. 4, pp. 309-315, 2006.

[671H. Kim J. Lee, S. Kim, J. Ko and D. Cho,
"Ultrasonic  vehicle detector for side-fire
implementation and extensive results including

j ol of 3
1998 73 8| et
A 24,
CEE LT
MA} 29,
cELLE]
: 2ha} &4,
20014 ~20061 23| hshin AAARE FAL
20019 ~2006 SIthstin A FEBRA R AL,
20049 ~2006% oSt @ FE I TIo] FoHR AL
PACERERE L L PRI A

2006~ A Heka mFSF- AAZAL
<FHAIRO} | AFEY, ITS, AL, 1512
2 T2 aYY>

SR
Axpg s

AR 8

M A2 N

(1069)

78

harsh  conditions,” IEEE Transaction on
Intelligent Transportation System, Vol. 2, No. 3,
pp. 127-134, 2001

[68] TM. Hussain, TN. Saadawi, S.A. Ahmed,
"Overhead infrared sensor for monitoring
vehicular traffic,” IEEE Transaction on Vehicular
Technology, Vol. 42, No. 4, pp. 477-483, 1993.

(69] TM. Hussain, AM. Baig, TN. Saadawi and
S.A. Ahmed, "Infrared pyroelectric sensor for
detection of vehicular traffic using digital signal
processing techniques,” IEEE Transactions on
Vehicular Technology, Vol. 44, No. 3, pp.
683-689, 1995.

[70] HH. Cheng, B.D. Shaw, ]J. Palen, J.E. Larson, X.
Hu, KV. Katwyk, "A real-time laser—based
detection system for measurement of delineations
of moving vehicles,” IEEE/ASME Transaction
on Mechatronics, Vol. 6, No. 2, pp. 170-187,
2001,

[711Y. Zhang and R.Q. Hu, "Development of
automated accident detection  system
intersections,” 8th International Conference on
Applications of Advanced Technologies in
Transportation Engineering 2004, pp. 153-157,
Beijing, China, May 2004.

[72] Y. Zhang and LM. Bruce, "Automated accident
detectio at intersection,” Technical Report,
Mississippi Department of Transportation, March
2004.

an
at

g o Ef(H3Y)

1979d A dgu [R5 s

A E4.

g asr)led A7 2

. Az e AL £
University of California,

. Irvine 7] 2 AFE 37

AL 4.

19903 University of California, Irvine (Post Doc.).

19903 ~1991 Innovision Medical Inc.

19913 ~19293 34 T4 74

1923 ~3dA Z3digtn AR s ag,

<FHARor ¢ AFEMA, HRAA, ITS, AH3=

19814

1989



