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ABSTRACT

These studies developed system as well as its algorithm which can measure traffic flow and vehicle speed on
the highway as well as road by using industrial television(ITV) system. This algorithm used the real time
processing of dynamic images. The processing algoritim of dynamic images is developed and proved its validity
by frame grabber. Frame grabber can process the information of a small number of sample points only instead
of the whole pixel of the images. In the techniques of this algorithm, we made approximate contour of vehicle
by allocating sampling points in cross-direction of image, and recognized top of contour of vehicle. Applying these
technique, we measured the number of passing vehicles of one lane as well as multilane. Speed of each vehicle is
measured by computing the time difference between a pair of sample points on two sample points lines.

I[.MB Halge] EAe A, o8, uE, AEe] 7 ¥

oflld] $-83 3 QlE AllE LHMAITY, Indu-

A4 ArsAsIee Huel 355 e strial Television)& AHE3l0] Eedate] AlA7ZE A%
o, A A=A k), AHugeile] ASA 2] "l 3t mEHEIERE ope} duln=
$o1 29w gl AAS) BER A Al SEE Agse As

* gt hy-aAbEEte) of el 74 (bwhwang @mail hangkong.ac.kr)
=EHE  KICS2004-09-208, AUAl : 2004 99 24

216



=E ) GRA A A ARGEE AF A2F 7

H3 dweEe Ahdsked ok SR, A=
2 A&} FAA2H[14], =2 FHAA2E)5-8],
a2z BEAE AT HAO-11150] M=
Al e A[12-1315} 2A)3AMI(CCD, Charge
Coupled Device)[14]E |43} ZE5H ASE Aad
< olu] Azl sl A= gich

A A4S e AEgEE AF AxEe F
$Z(loop)d] XFAR71 gk A 2EQH], o] A
2518 F928 sddde} AAjsel slu2 mid
ek o), AF F$2r} FolAE BAHe] gk
e o83k EF st #A43-8]¢ Hjt
ATE0] o1FA| 3 AR, AlFA 5] A7
AR etk 7189 AAAE WP =29 A
dHe FEAE T3l EXTES wiAe 2§
PR Aoldleng, A4l A 7R ¥
FHER A ke A9V Bskod £ v
Al ZF Auie g& FIlgoEg expl A
AEEA] ket

FZole ITV =+ CCDY FodAks ol&3l=
A2e 2FH ASALge] ARS8 s
AcH15]. SA7]ellMs o] AlxwlE o)4dle &%
2 ohz} Ut =2AblA Epxiukel i3l
dFAEE £ 2719 ASHLE dX3E, 54
& ¢ s, 2 &l Zedse MEHY
Alele] ArlE olg3ld A L5 AZIe
G EE sz g

G4t AlSA2EellA= ITVES CCDl 23 A
Azt A=lE sFssA d7] 918l Ee] Askae
£ Agsle diilel sl vlg] dAHF vay
A9 A= AR Fe zHY 29
B|(Frame Grabber)yg& AM-3le] 7% daelEs 7
w72 gk

ON RECORDING

= s [ o

S— VIDEO

/ \ RECORDER

ON PROCESSING

AT

FRAME GRABBER IN
PERSONAL COMPUTER

Video
Monitor

VIDEO ©

RECORDER

38 1. Y Alzge] 74

1. HMAE] AAH

I 19 2% deple AlSE dakAe] Alxd
2 ®AFY okelellA] ITV == CCD FhHlelzy
B ¥l odaks AFAR 1A, AN
A Al dalEs ARkt d3EiE )
wro] Fapd ITV % CCD 7hllehs 24 Ak
g Alzdle] AFdse] A7 Ayl sbssi "
o}, 2#H Z#8(Frame Grabber): o] FA}
Al F) 640HAA B[] ASE AETS 5
olel 2 WEA Jxx|& gH|E, = 256
tixg3} ol

£ AfdAde AEEEE Fol7] s Ao
640742 MEHoENE TALE 1608 T
£ Aelslzn, 8HE FHEXE qu)E = 0dA 157t
29} $xE AHE 1682 tiAE3} slka glck

o] Alxgle] Fakg 2748 Al AR Bt
A7l TS ALt glck A HA ARIEE 71
dztol]l sy doizl Ase] TIH GAES V)
& YZ(Field)olX ADHE Hz)shs Alo) S0, 2
WA Al|EE $4 BE(Field) ol tixEsie o
Aoz ne] 2F FePlelE AEshe Alo]Eold.

I. A% ¢1alE

3.1 AlEcidat 2y

7hellzte] $ix)ek WEHE Alole] WAE 29 2
ol B Ao EAle AEdGe] A= 4
o] F=As) wiAEKE, AT, =2 9 HEA
£ vlaske Rl oA dojRict Awke] EA19
ARlelle A71H 2 SHA Agel EA) ek ol
FE2 ASYHF TAEAEHLS, F XH)
o e B3 A= FYYrk ol HE A
A HFHoE ARRe &) AFAH 99
FAAE AEstn S ASSHH B A
F7F A5t =3 T4l 2 WA AEHW
of ojsix] APl mgsdo] At Y247 2
Ao AF AE & 4 W) dEel A=) AR
T AEH FE Al Aol 8iA A FRE
A& 5 Qe

A =5 AR HiMe 229 Id
Wkl 270 AEFEE Axsta, AEEY Alel
o] A" 9 Ape] o A7 AlelE Fsle Az
< o83 AR £xF AR Wt &=
& A A% sk SR AEEY Al

211




FFEAE = FA] °054 Vol.30 No4C

AT 23 20] EARE, 29 29 TS WA
454 7 A sm sk =Y ABHGE
Azpe) As) el A7He 2 AEsi,

SAMPLE POINTS

5m 10m

a7l 2. AEHs shlztel 93 Alole] WA

3.2 AF ¢ae|E

A g9 ARk AR HE A
A B e FRE ASSe dasiE ¥ A3
£ (151914 2Esie 2] &25 A&
otwelEe] ZETE 18 39 EAch o)l &
559 7 el diste] A=l

& HoIE

I NE HEHY 2NN £ 1
e LEE
| AZ HSHO REEH _I
I 218 el | ByzR
| | ——
HiRe ZoE Homl B
SR A1) gaxA(0)
RIS ARE H2mol N2t MR
e anel
Rigel 29 H2giel 2ot
weuz@) Aex)
mige |Ed Mgl NEE
PR PETEY)
| Y MY B I AmzAR

¥

l QHEZY N2 E HTHEC) J
¥

| #Y&To X v=L/EC) I

TR 3. A 45AE BEE

3.2.1 =7| xalg
1) 7123 =EAe] 2% A
Wi REe] e wEe] FAIA U AL

218

ol-g3lo] A& =AY H=AE wlaste Rl
M 1 HEAE AFE AT e
Ag7hch AA = e Hze =] H=
A& vrd $H3kq Fob ofF 2dA =<l
H=AE 229 H=AS} wlasl] 2 el ke
7Agelle AR @ w2l A . 2 el
YT Apelle A% S AL, R 95T A
Sl 1 3h& ZVAE AAGL A7l A
H AFo2HE RS 5E sk 27|x7h 449
Folle H=A A delele o] ME AHzs)
o A 71E A=A e AR ololt

) 71E3xA9] 2AHe3A

ojufgt Yoz wiHe IxX(ClEH=A)
wslsld, wi7Ee} A ysl ohd FEe] o]
ErlssiRic). o] ko] hAE 1 o]3e
AEE Brlsd Aok WAy = 204
Q 715e] wistell o3t HEX|o] wWshEgt oz
ol, &, A9 5 A7kl wepd] wisigic welA,
7] GAGNDS dke wiANe A
71 wsslels, o Wl ey 5% +
e daEEs o o] itk 271X A
A oA A" 7iE I=H XD diske,
WEFE AdsEe HEA X@1e] T1 =AY
A3t A, 71E I EAE o] g HsiAAIcL

=, 71& A=A wiFye] 2 s o
7% (18 59 A=hedl A7) st 3 a3zl
by Bt ofd Aol oA o] & e 3§
ASolE, 1 3ol AFHeE FFF ¢ UES,
XM +2, X0 £3°] 47 T2, T33] AE3F 75l
18 A=AE ZAIES dgch o] da=lEe
BEEE I 40 ZARME delEele] Ay
o2 AYA A o8 T1, T2 2 T3& 7
7t 7, 10 9 2028 AAAskgc)

K{I) : Brightness
Standard brightness X{(I)

l l | l

When When When When When When
E = X(D-3 C=X(D-2||A=X(D-1 B=X(MD+1||D=XM+2| | F=XD+3
continues Continues Continues Continues Continues Continues
T3 times, T2 times, T1 times, T1 times, T2 times, T3 times,
XD is X is X is XD is XM is X is
substituted| | substituted| | substituted| | substituted| | substituted| | substituted
for EL for C for A for BJ for D for ¥

l l I J

Algorithm of measurement

T8 4. 71F =AY AF2AI Y ZEE



i AR A7 AREE A A28 7

3.2.2 dxjals

A= WAE XY Ae2AE 7|x2
sl wjAR2RE ARRE-g ¥ A A
F2, of7eliMe 23] A2 o]Feizlck

I <L. E£ Int>Lud o, phot=1°]2kL
3lar, 2 o]9fd o pnt)=0°l2} ¥} p(nh)= 2
AelFe] ] 2AE FAshs A Folth
Inpe niAe AFge] A7 telxe IA=AE
EABLY, Ly=X(I)+1, Li=X(0)-1& =299 e
22} A} s’ME BRI

3.2.3 ezl

A2 al 2x5}A 2] 94%11*1 e Re B
¥ AFRES 1, WS 022 & pilRlde
A7A, B 3hgo) 1@%4.

AR oAl 72 bl 93 EAAES
A, AR o] FHE alL g 54
22 3, 2384 3] k] Tk & Wk g A

ZrEapskel AelE ARlsIE jl)

(1) F7kakekel A2 T

ko] -Hgg HESH 3] sl xERREl
002 =He L& AAzle AR, o] AHE
STEP 12}3 3l o)slel] 2 dwe]&e dusic)

STEP 1

pn,t)=07} FZHo= 27H0V¥ dz3te] 0a rq]o]]
£ P,H)=022 31 1 2] dell= Pn=1E ¥
o PayE B2E Al &% A4S Azt B
Aepe] RS EASHE A Holch

(2) AlZEsHkeRe] Az

AEERe] A 2 ARk Ayl e
= A% B f8ld AR A=IE, o] HEE
STEP 2% 3tz ojslol] 7 duel&S Ad=ghl)

STEP 2

P*(nt-1)=0°13, Pmp)7} Pt- A+ DEHE] 43

%3] 14 g Prn=12 31T, P*(nt-1)=
°]3, P(n,t)7} Pnt- 4+1)EHE 413 53} ¢
d dols PrnH=02 T}k o g9} g1& AY
A Aol AsiA A2 33 52 ek

3) &N A=
F7rEapEre] prn=12 Hie AL AAs=

ez o] A& STEP 32 3ty o5l 7 4%

&S dnEtt

STEP 3

Prnn)7h FZHE LR 27held ddsle] 1 wfef
£ P*nn=12 33, 27 o]9]d wolls PH*nyt)
=022 g}

A7 s Akl fgo] e
k. 2 HAFHE 28 59 ®X3) drleld=
A FAZ 23R40 AA T dle] xeie] A=
o] Asolc}. o] 59 FAAEL A& A4S
Azsid Esixjege] TN o AHE EH[15]
o] EAJ3}c)

4333333 339: 33 3333 4333333332

43333239393 33 3333: 933939200221 111111171 311553 44444554084
111

1100011111111111123534444 544444

11117111112115433544454 3448

33933 3: 1125078111111 11511 54253404454 1445

399333 2122967811111111211 9493944454 4445

0121211112221111

$933343324333337993393399399339 33333444 4434339321 11211 233933222511239 3334354 3344
33593933934333323333353333333333 53343444 4444333331 311202003032222113394934454 4444
39393 1231212111 0231
33933 11181212111 0231

11231
339333933 433332200 12: 1121 52532535911 3935559054 5448
2333333334333324 56 3 222322 33393333 43444553434

33 999: 33333 S9444
33 599 33333 55444
32
1335339333433335315221111 1112221 32 5344
393923939393344 44444559440

9993933934333336 25790999 99990a7 05323448 4444433333333
3535559530350880837093990333300 95930344 4444433593959 9999529 33333094 4444464 5443

90000000 0008000000000000000000 0000000000000 (0000000 OBAAEO0 HOCON00C00BR00 D0C]
0800000000000000 XG00000000B000 00DA0NND C000Y00 0000000 1111111 1101100080000000500
ol 7397911111111 1159 hooooa

11131111

111111111 uooononanuncm
1001117117111101100000GA00K
a 00000 1001 11111111|n1mouucwuunnono
000AGRG00000000 00000100611 1111111 11071000 0GDOG0D 000
0000000

001110101111000111110000000000 0000

990000000 0000000000ANGEA 0NAANN00ANAACAA000GA001 1131 1 030000001 1030300000
00000000 00000000C000000 000000000AN000AGH000000101101 611561000001 16060006000 OBOK

I Imeio0t1 1101

11100101
0900000000000000 17717114 11110000000000000GA0G 0T 111101 000 5000011 6000000000 2000
00000G0000000A00 1111100001000 000K 500000 oo 00000000000
0900000000000000 111131171 1101111
113111111111 111111

of 1111111311111
0000000000000001 111111114711371 000! 00OB0 00000000000

00003000 0000007 1111 000000G000000000

11

000000000 00000151160
601 01
0000000BODOBO000T 0

11111 710000000000000000DOCVO0000D
11111 000C00000000000 00ACODA0ADA0G
1

11
11

1

1

1111111310 000(
1111

1

1

11

000000000 0000K 000000000 00000CGA0 0000000
0001 oononDmmﬂnannonnoonouonunUmnmoooﬂnuﬂuunnunnum FAESEEAREE 7850 550000!
1111111000 00020000000

m
11

060000000 0000000 COOBOOBE GEOB000 000BAUO00A0BOOTD011111
3 EB050 5800000 00009950 5059000 ADORDOEA OE50053 5911 1
1

an

1
1
1
1

m
o 11111117
1111111119

1
1
1
1
1
1
1

000D00DOD 0000000 0000ADOCOCODD00000CONDADDO00A0AT11111111111

1
1
1
1
1
1
1
1

11110000060000000D

1111100000000G00D000

OGO 0D D0030000000009000000 0000000001 11111 1111111 1111100000006000000
"

nnn 111113159000000508000
1311111111 1111100000000000000
00000000000000011111111 1111100000000000000000001111 11 1114113 11 113000000000 000!
0000D0OG0O0B000 71111111 1111110000000000000 0600000060600
1117111111111111
11111111111111111
M
100000000 000001 1 11111 11 00 000000
0500000a0000001 111111111 11119 11 00 000000
11111111917
1111171111711111
1111111117311
1111111111111111 00000000 00 GOD00D00 00000000000
111111111111111 600000000 000099000000000000 0000
11111119 1111111

J8 5. AeidH A" @ 4G4 dlelE, k) 23142
A3 A8, (o) £FA 29 -

@ AFe] £2AS A2y

xR 2Y9=S prr@pta s A 1
Qo] prrmp7t FTAHHOR 191 AEH $7} 2700}
Adw PY1=10letz skz, A2de] P*myst F

2719



FFEAIS3]=FA] 054 Vol.30 NoAC

7oz 18] AEHe 4] 270ojAkd w Py2=f
I gk zeEm, A 199 AEEe] EA|(PYle] 1R
Helg whiE, A 299 =k EAPY2U) 12
HAg W7o ZEYRHEC) A oAl
2 k] &xrl ASHd shle] =YL 1/30
Zo|t}.

ST Aol A () ¢}
SR AZEAH EC)

g7 F AEHE Alole] A7l L& T
o] #AE AP Y3t ssdt & F2AEE
AEE e} A7l LE 10mE Slgch 2
d 60l Az AL FASR=H, 2™
A EC7} 1824 o]BE, &%=

Lo 0lml 601 s ]

p= -
EC —%(8)'[ sec ]

PO PY1 PY2 EC
500000000000 0000000 (0000000 CDADOTVOTO0NV 0OVOT BIICO0NS! 0 )
5000000 00000000 o

i

28l 6. AYEES AS Ay

V. AEZy % @5t

a8 33 22 AEIES o83l 1 29}
ZE AZ g e ol8sle] dxEEEE
o Aeda7) 63k EReA] 599 % 3AA
o Ao &8 ASsly, 1 A4E Flel A
o} orjelre 3027bS 19 R 3kw, 37
& AZ3 Aol

algkdz o] Az kel ez o Q(frame)
2] AlZ 23t kA 228 A4 5 ek

AZEAD Aole] A=lE L, Age] A= L ¢
A7 T(ZHEYF7] T0=-1/302F HA$l= & 74
2o x4 HEkwsh, kY] £l thg]e
2 =t

280

L __L
L @

v="r =71,

Ze e £2] wisto)] et S0 wske oA
o2 H

©)}

oj71ollA) L=10m, »=50km/h < 7% 2l@.1)
24

- L _
f= oT, =21.6

2 Fo, o] A &= Wk A@.2)2NE,

Adv A _Af
v f 21.6 ®

2 gt A 14589 2 A 248Gl Aeko)
AEtEe AldedA 2 okxsl exlg A7k,
&ro Akge HUXe gr=12 3 HEE,
2)(4.3) 027,

Adv _ __Af - _ [
oo A = 4600 O

2 o] 1uje] 4% Q3= 4.6km/hE Stk

1. A% £= AE A7

Tt %= (km/h) EC
63.5 17

60 18

1 60 18
56.8 19

63.5 17

60 18

63.5 17

) 67.5 16
63.5 17

60 18

54 20

67.5 16

63.5 17

3 56.8 19
60 18

54 20

56.8 19




XA A% AFER AS A2d 79

A7) duElEg o] 83l A=k £x=F A3}
£ A% A AR, A=k ARt Zd)
2] 2P} Qe A 1ZAYYY SRS
Fd] 4.6% (BT 1.6%)= dHck

o] T Zol7] sldiME zASlSFE A
erow ot} o] A% ZHISFE 33ujaxTF
1002 DE 37, Aol o3 H e 1
ZH9% 1.5%018K BT 2482 0.6%°15hE &
4 ek o)gRte] 37] sl B Al2FelA o]
43 TVl so=sihyuiale) HuE
(141014 A=d zAldAIA(CCD)7=F (1323
25~500=H )2} e & FheEE AME "
7t Slet

=g, A@DETE & ¢ e AAFH, $=29
AZL XS oy =3P v AEFHG Ao
2] Azl Lg A "ok EEY, o] A5 L
& gu2spe, Adex§e 11522 Fch et
LE Ak daeiSaly U=k s3]
oJ7iA "} wely, 2AE Fo)r] Hdxe =
A4S Eol= Hpie] viAlsl

AAZE JaAe] Al2EE o8]t WERS] AF,
Z A B, 3 SRS, AR
25 2 ] &= AZe] AFE daFHelE
a3 79 ZARIC

£z, Batili Flow Detector  Hankuk Aviati

Tyon uf Vehicle [ Tame-Sized Car I B-SEad Tar { ali-Sized UaF
Vehcto Paseing Count | T Ty T 1
Speed of Venicle by [ 8167 % H WY
Totad Keumiber ot Passings Xl Swwecttiedce | 1 Star Detecsan
o]

38 7. REF A% AxH) BFH Tzl

V.4 E

A, W, AEe) A okl 48T 9E
A ATV S AHEsto] Bedadel AAL
ASApPEe] & pHER Y Py 3

o g A Aadd dxeEs st
ek

JAAZ A 2 oA ITVel 23 AAZE A=l
VssiA sl $isled, el AsaE sk
Aol shdakel vzl AR viaAd g BF
A = AuxrE ke Y 2AME AL
$315ick

ITVeARE olfsle] ko] zleiulsfol| dsie
44 A=lE Fx 2789 ASHLIES AP §
ke R Ax|sha, AR #HAHEE ¥ o9,
2 g3 =g ASHA APl ARE ol
B3l x| L85 Ashe duEES e
Sk

o] 7|HE ol83l AAE dutzEAtl|A] A
o] £x & A A3 FFASeAE A ek

rgs

(1) Gloyer, B., Aghajan, H. K., Siu, K. Y,
Kailath, T.: Vehicle Detection and Tracking
for Freeway Traffic Monitoring. IEE Record
of the Twenty-Eighth Asilomar Conference
on Signals, Systems and Computers. 2
(1994) 970-974.

(2] Cucchiara, R. and Piccardi, M.: Vehicle
Detection under Day and Night Hlumination.
ISCSITA99, (1999).

(3} Fathy, M. Siyal, M. Y.. An Image
DetectionTechnique Based on Morphological
Edge Detection and Background Differenc-
ing for Real-Time Traffic Analysis. Pattern
Recognition Letters. 16 (1995) 1321-1330.

(4] Ali, A. T, Dagless, E. L.: Computer Vision
for Automatic Road Traffic Analysis.
International Conference on Automation, Ro-
botics and Computer Vision. (1990) 875-879.

(5] Malik, J: A Machine Vision Based
Surveillance System for California Roads.
PATH Project MOU-83 Final Report.
University of California Berkeley (1994).

[6) Jung, Y. K., Ho, Y. S.: Robust Vehicle
Detection and Tracking for Traffic Surveill-
ance. Picture Coding Symposium’99. (1999)
227-230.

(7] Rao, B. S. Y., Durrant-Whyte, H. F. and

281



F2EAIEE|=F-2] 054 Vol.30 No4C

(8]

(9]

(10)

{11}

(12}

(13)

(14)

(15)

282

Sheen, J. A.: A Fully Decentralized Multi-
Sensor System for Tracking and Surveillance.
The International Journal of Robotics
Research. 12 (1993) 20-24.

Dickinson, K. W., Waterfall, R. C.: Video
Image Processing for Monitoring Road
Traffic. IEE International Conference on Road
Traffic Data Collection. (1984) 105-109.
Koller, D.,, Weber, J., Huang, T., Malik, J.,
Ogasawara, G., Rao, B. and Russell, S.
Towards robust automatic traffic scene anal-
12th IAPR International
Conference on Pattern Recognition. 1 (1994)
126 -131.

Fathy, M, M. Y.
Measurement of Traffic Queue Parameters

ysis in real-time.

Siyal, Real-Time
by Using Image Processing Techniques.
Fifth International
Its Applications.

Conference on Image
Processing and (1995)
450-453.

Soh, J., Chun B. T., Wang, M.: Analysis of
Road Sequences for Vehicle Counting. IEEE
International Conference on Systems, Man
and Cybemetics. 1 (1995) 22-25.

Hwang, Byong-Won, et al.: Measurement of
Traffic Flow Using Real Time Processing of
Moving Pictures. [EEE International Confer-
ence on Vehicular Technology(1982) 488-494.
Hwang, Byong-Won, et al.: A Study on the
Real Time Measurement of Vehicle Speed
Using Dynamic Image Processing. 5th World
Congress on Intelligent Transport Systems.
(1998).

Hwang, Byong-Won, et al.. A Traffic Flow
Measuring System Using a Solid-State
Image Sensor. IEE International Conference
on Road Traffic Data Collection. (1984).
Hwang, Byong-Won, et al. : Measurement
System of Traffic Flow Using Real-Time
Processing. LNAT 2718, (2003) 296-305.

H & Ef (Hyeong taek Park) A3
1985 Folm A7)t

7 E4FEHAD

1999+ alslishw wEolEe]
EHEEAAD

20039 3€~EA S
L e M S e R S

19761 79~ ZAHRER
stk Ald Z(EA A F3h

U, dE, oldE], djd 5 kA ¥
CNS/ATM 35(53])

<FAFol gatAe], el FdAlAd, CNS/AT
M, GNSS

)

N

& Ef 9 (Tae won Yun) 3]
" 2003 EEEOiEE g
AAFET SHEEAD
2003~3A ‘ol stal
AR
<Rl FEY AlsAE,
dAk o] ~Eeo], IEEA
2 Ao

2 1 2l (Byong won Hwang) A3
19729 A= A

A3t 233D
1981 FAWE  AxgE
E4F A

19841 EANE  AATETH
E4(FEAD

» 19843 59~1985+d 3¢ )

A4 Agd i

199313 8¥~1994'd 84 FANT Al o
s

198541 84~-3A I=Foia FyAxystst
4

<BAlEel gAatAe], AR 9 sAYd, B9

A Az, aEF HH 2 Al



