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Measurement Algorithm of Vehicle Speed Using Real-Time
Image Processing
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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 algorithm 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.

Key words : vehicle speed, binary processing, traffic parameter.

=
LM E o, gt Ao Y, Ry A

« Frtgiistn ol AR 82 Dept. of Avionics, Graduate School, Hankuk Aviation University)
AR} 2004 109 1290

ol ot



2T 52 46, 98, 1lF, A 7
ofo 4 SEHT e AHdE HYuAITV
Industrial Television)& AH&-3te] F@4e] AR
AsAg] el o3 n&e 28k olug) 2
2 A wFF F AFY £EE A5 A
2H% dugEs At ok AS7HA, A
o HAEH FHAZH[-2], B2 IANAEH
[3-4], 723 wFAE g
=ik

Adg 2 nA[7-8]3
Charge Coupled Device)[9]E ©|43t= wFF 7
Z A2 ofn] Mzl o) s it

A AL e AFEE AS A2HS F
Z(loop)A 2HFHA 71 &gk A[ZFIQIE] o] A
2l 2925 A Aol sfug 17y

ik opjel, A5 £4-37} BolAlE Bo] itk

T

1
[
T
L)
ol
-
=
i

7l A
AR 02 AAG G A HATE A
A A 1 999 FAA| e o] A9} v
Wk WA ARE, o2 WAe A S WA
g2 AT o gl o= B s AR ITV
£ CCDY 94= ol&ste M2 s
5 Al=sol Al ofs) AR ATH10]. o171
A o] A2dlg ol83lel a& Rt oz}
W E2AOlN FAFl Hatel YFARE F 2
e AEAes AAEkaL #9AEHE @ v, 2
aAtole] ZgQlpeh AESHE Aol AE o
31 A} $E2 A5 dades MRt
712 2

2
A AZA 2" AE ITVEE CCDY 93 A
7t 7FestA st7] lste] sl Aslag
S Aol shasdel vl A4Sk HluA &g
o MEHY =R HFse =Y 1
(Frame Grabber)& AH838ld 7245 <agEs 7l

1. PARE] AlAY

A &9 A dudE 11
]

)
—

o aw%F vetuE ASE AT A2H
FA) S} ofejo A ITV Ex CCD 7Hgtz 5
A" IS APAZ TA9A, AP A
GaFS N gaeE Al
A3 A
7FsetA |
#Y 22 (Frame Grabber)= o] FAL
Al A 6407 00A HIT L A E WSS F
FAIZA Y 3= SHIE, & 2563 WE T
3l ") B Ao AHEEEE =0]7] 9
A 6409 MEHOE BH F742 = 160
AEsta SHIE 3| E=X]= 4HIE, = ()

571A)9] 28 ARl 16EEE Txgs)

o
ol
o
6=
o
—_ X
ACH

oo oy ©Wopl X T odp
_>n£
[~ mi
T
2 g
R =
%<
3a
=2
S
m;g
< Y
r_‘_‘\u
)
AU
orr

K
o

o>

fol

=

N

2 mx ob
R ot @ gt
;—Aﬂﬁﬂ
e
o

ol
h0
%0,
&

ON RECORDING
— Qo

VIDEO
RECORDER

ON PROCESSING

5
93
o
Q
o
]

> E-
RECORDER
‘:—= PRINT OUT
FRAME GRABBER IN
PERSONAL COMPUTER
Video
Monitor

2 1. gAY Azae 74
Fig 1. The structure of image processing system
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3334999999999 22992999, 344434 434
3354999999999 22992999, 344434 434
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0000000000000 0000000 00000000 0000000 00000000 00000000000000000
00000 00000000 0000000 00000000 0020000 00000000 00000000000000000
0000000000000 0000000 00000000 000000000000001 11111111101100000
00000 00000000 0000000 00000000 A00000000111111 1111111 1111100000
0000000000000 0000000 00000000 00000000011111111111111111100000
00000 00000000 0000000 00000000 A03000000110011 1111111 1101100000
0000000000000 0000000 00000000 00000000011001111111111101100000
0000000000000 0000000 00000000 0000000001 000111111111 1101100000
0000000000000 0000000 00000000 000000000711700000000000071 700000
0000000000000 0000000 00000000 030000001 01100 00000000001 100000
0000000000000 0000000 00000000 00000000011101011110001 111100000
00000 00000000 0000000 00000000 030000001 11011 00000000001 100000
0000000000000 0000000 00000000 000000000707170107107000001100000
00000 00000000 0000000 00000000 0000000001 017007010011 1101100000
0000000000000 0000000 0000000000000000017171107010071 7101700000
00000 00000000 0000000 00000000 0000000001111001010011 1101100000
0000011111111111170000000000 000000000111110700000000071 100000
00000171 1100007 0007 000000000 000000000000000 00000000000000000
0000011111111 1101111 00000000 0000000 00000000 0000000 0000000000
00011111111111111111 10000000 0000000 00000000 00000000000000000
0001111711111111117171 10000000 000000000000000 00000000000000000
0000711111111 1111111 10000000 0000000 00000000 00000000000000000
000071 11111111 1111711 10000000 0000000 00000000 0000000 0000000000
00007 1171111111111111 10000000 0000000 00000000 00000000000000000
0001 0711000000 0000000 10000000 0000000 00000000 0000000 0000000000
0001011001111 1110001 01000000 0000000 00000000 00000000000000000
000071 01111111 1111111 11000000 0000000 00000000 0000000 0000000000
0000010711111 1111111 00000000 0000000 00000000 00000000000000000
0000000000071 1111100 00000000 0000000 00000000 0000000 0000000000
0000000000000 0000000 00000000 0000000 00000000 00000000000000000
00000 00000000 0000000 00000000 0030000 00000000 0000000 0000000000
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Q000000000000 00003000 00000000 0000000 00000000 0000000 0000000000
Q000000000000 000000000000000 0000000 00000000 0000000 0000000000
Q000000000000 000000000000000 000000000030001 1111111 1111100000
Q000000000000 00000000000000000000000011111111111111111100000
Q000000000000 0000000000000000000000001111111111111 1111100000
Q000000000000 0000000000000000000000007111111111111 1111100000
Q000000000000 000000000000000 0002000007111111 11111111111 100000
Q000000000000 0000000000000000000000001111111111111 1111100000
Q000000000000 0000000000000000000000001111111111111 1111100000
Q000000000000 00000000000000000000000071111111111111111100000
0000000000000 0000000000000000000000001111111111111 1111100000
Q000000000000 00000000000000000000000071111111111111111100000
Q000000000000 0000000000000000000000001111111111111 1111100000
0000000000000000000000000000000000000771111111111111111100000
Q000000000000 0000000000000000000000001111111111111 1111100000
000000000000000000000000000000000000071111111111111111100000
Q000011111111 111110000000000 0000000001111111111111 1111100000
0000011111111 1117111 000000000 0000000 00000000 0000000 0000000000
Q000011111111 1111111 10000000 0000000 00000000 0000000 0000000000
o0o111111111111171111 10000000 0000000 00000000 0000000 0000000000
0001111111111 1111111 10000000 0000000 00000000 0000000 0000000000
o0o0111111111111171111 10000000 0000000 00000000 0000000 0000000000
0001111111111 1111111 10000000 0000000 00000000 0000000 0000000000
Q001111111111 11171111 10000000 0000000 00000000 0000000 0000000000
Q000111111111 1111111 10000000 0000000 00000000 0000000 0000000000
o0o011111111111171111 10000000 0000000 00000000 0000000 0000000000
0000111111111 1111111 10000000 0000000 00000000 0000000 0000000000
Q0001 11111111 11171111 10000000 0000000 000030000 0000000 0000000000
Q000111111111 1111111 10000000 0000000 00000000 0000000 0000000000
Q000000000000 00003000 00000000 0000000 00000000 0000000 000000000
Q000000000000 000000000000000 0000000 00000000 0000000 0000000000
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Fig 5. The pattern of the result of processing
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P (nt P¥1 PY2 EC
000000000000 0000000 00000000000000000000000000000000000000 00000000000000000000000 0
000000000000 0000000 00000000000000000000000000000000000000 0000000000000000000000 0
0000000000001 11111 1111111 00000000 00000000 0000000 00000000 0000000 A0000000 0000000 0
0000000071117 111717111 171111171 00000000 00000000 0000000 00000000 0000000 000000000000000 0
0000000071117111717111 171111171 00000000 00000000 0000000 00000000 0000000 000000000000000 0
0000000071117 111717111 171111171 00000000 00000000 Q000000 00000000 0000000 00000000 0000000 0
00000000711171111717111 17111111 00000000 00000000 0000000 00000000 0000000 000000000000000 0
00000000111111117111 1111111 00000000 00000000 0000000 00000000 0000000 000000000000000 0
0000000011111111111 1111111 00000000 00000000 Q000000 00000000 0000000 00000000 0000000 0
0000000011111111111 1111111 00000000 00000000 0000000 00000000 0000000 00000000 0000000 0
000000001111 1111111 1111111 00000000 00000000 Q000000 00000000 0000000 A0000000 0000000 0
0000000011171 111717111 171111171 00000000 00000000 0000000 00000000 0000000 000000000000000 0
00000000711171111717111 17111111 00000000 00000000 0000000 00000000 0000000 000000000000000 0
00000000111111117111 1111111 00000000 00000000 0000000 00000000 0000000 000000000000000 0
00000000111111117111 1111111 00000000 00000000 0000000 00000000 0000000 000000000000000 0
00000000111111117111 1111111 00000000 00000000 0000000 00000000 0000000 000000000000000 0
0000000011111111111 1111111 00000000 00000000 Q000000 00000000 0000000 A0000000 0000000 0
000000000000 0000000 00000000 0000000 00000000 0000000 00000000 0000000 000000000000000 0
000000000000 0000000 00000000 0000000 00000000 0000000 00000000 0000000 000000000000000 0
000000000000 0000000 00000000000000000000000000000000000000 0000000000000000000000 0
000000000000 0000000 000000000000000000000000000000000017717 1111111 1710000000000000 0
000000000000 0000000 0000000000000000000000000000071111171171 1111111 110000000000000 0
000000000000 0000000 00000000 0000000 00000000 0000001 11111111 1111111 110000000000000 0
000000000000 0000000 00000000 0000000 00000000 0000001 11111111 1111111 110000000000000 0
000000000000 0000000 00000000000000000000000000000711711171171 11171111 1710000000000000 0
000000000000 0000000 00000000 000000000000000000000711711171171 11171111 110000000000000 0
000000000000 0000000 0000000000000000000000000000071111171171 1111111 110000000000000 0
000000000000 0000000 0000000000000000000000000000071111171171 1111111 1100000000000000
000000000000 0000000 000000000000000000000000000007111117111 1111111 110000000000000 0
000000000000 0000000 AO0C000000000000000000000000001 11111111 1111111 11 0000000000000 0
000000000000 0000000 00000000 0000000 00000000 0000001 11111111 1111111 110000000000000 0
000000000000 0000000 00000000 00000000000000000000071171171171 11171111 1710000000000000 0
000000000000 0000000 00000000 000000000000000000000711711171171 11171111 110000000000000 0
000000000000 0000000 0000000000000000000000000000071111171171 1111111 110000000000000 0
000000000000 0000000 000000000000000000000000000007111117111 1111111 1100000000000000
000000000000 0000000 00000000 000000000000000000000000000000 0000000000000000000000 0
000000000000 0000000 00000000 0000000 00000000 A000000 00000000 0000000 A00000000000000 0
000000000000 0000000 00000000 0000000 00000000 A000000 00000000 0000000 A00000000000000 0
000000000000 0000000 00000000 0000000 00000000 0000000 00000000 0000000 000000000000000 0
000000000000 0000000 00000000000000000000000000000000000000 0000000000000000000000 0
000000000000 0000000 00000000 000000000000000000000000000000 0000000000000000000000 0
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Fig 6. The measuring process of vehicle speed
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Table 1. The result of experiments
T3F %% (km/h) EC
635 17
60 18
1 60 18
5.8 19
635 17
T3t 4% (km/h) EC
60 18
635 17
9 675 16
635 17
60 18
5 20
T3F %% (km/h) EC
675 16
635 17
5 56.8 19
60 18
5 20
56.8 19
o714 L = 10m, v = 50kmvh ¢l A, 2 (3)

S 2HH

L
f—U—TO—21.6

©)

= y3ts] =84 A9 A Al 1 5 2000 68

2 o o] Ff £x9 wsle A DEFH,
Av _ Af  Af
v f 216 ®

2 1t A 1ASRY 0 A 28PN 2ol
e Aoy 27 FAs oxE Az,
S5 078 HYAE Af=12 3Y HEg,

Av Af 1

s T T w6 —4.6%) )

2 o aujo] &% QA= 46km/h=E Hth
A7) gagEs o] &ste A £ ASs)
T, Ao AT A, ATFY A Fel| A 2y

%! 2 =
o APt e AF 1ZHUTY FEoaEe
) 46% (BT 1.6%)& Atk
o =0]7] faiMe ZHdsE sEA
Ht o] B¢ = ? 3.3 (1% 100
QAL 127
< 06%°lshE &
M B AJZE A o]
igﬂo] EH/\M] 7(]—_‘,7_%
%4/d414(CCD) 7}uﬂa} (1=
14 7HEE MY 3

—

ol

25~ 500_31]"‘9} —8—
7b A

Type of Vehicle

[ Targe-Sized Car

| hiiddle-Sized Car | Small-Sized Car

Wehicle Passing Count | 3 [ i3 [ ik}

Speed of Vehicle (km/hy | 518 | 615 [ B65

Select Davice Start Detection

18 7. 25F AS A=) AFE taZiol
Fig 7. Computer display of the traffic flow measuring

“Total Number of Passings

527

system



AT, BT, SRS, B G AR Aol A3 A SR AS dadF I

>

s

El

offt

>

>

ot

1o

N,

M

-2

o

o 2
olo

o.g ofo
ox

tlo o K
ox v X2
o e
2R

>
offt
ok
o
=2
lo
Qe
=
Ipr
Izl
fi
o A=
oS ©
=
ofN

N
_
e

ol
=

FEASAZF M= 1TV 23 AAIZE A2
7FestA 8b7] flsted, s} Hekas A2ls)
thalol sl ve] AAEE Blad 2o A
239 & AERke ASske Zdd THHE A
&3t

e

Q
<
of
o
o
o
ofo
ofr
ol
£
24
oft
g A2
™
o
o
ot
=2
=
ofr
ol
2

o 7P o8] ARl TN A
o $EE2 2T A3 BEAZ LA} 16%0120.

[1] Gloyer, B., Aghajan, H K, Siy, 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 Ilumination.
ISCSITA99, (1999).

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

[4] Rao, B. S. Y., Durrant-Whyte, H. F. and
Sheen, J. A. A Fully Decentralized
Multi-Sensor  System for Tracking and
Surveillance. The International Journal of
Robotics Research. 12 (1993) 20-24.

[5] Koller, D., Weber, J., Huang, T., Malik, J.,
Ogasawara, G., Rao, B. and Russell, S.
Towards robust automatic traffic scene
analysis in real-time. 12th IAPR International
Conference on Pattern Recognition. 1 (1994)
126 -131.

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

[7] Hwang, Byong-Won, et al.. Measurement of
Traffic Flow Using Real Time Processing of
Moving  Pictures. IEEE  International
Conference on Vehicular Technology (1982)
483-4%4.

[8] 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).

[9] Hwang, Byong-Won, et al.: A Traffic Flow
Measuring System Using a Solid-State Image
Sensor. IEE International Conference on Road
Traffic Data Collection. (1934).

[10] Hwang, Byong-Won, et al. : Measurement
System of Traffic Flow Using Real-Time
Processing. LNAI 2718, (2003) 296-305.



18

Mg HMEH

e-mail | jgseo@digipia.com

19979 F=eoistu FeHAE
EEICE A

20008 =gt tiehd
AR B F AP

2002 3¢~ @A F=aoista
Wstel AR sk EALg)

e, gAe BE

o2

o & FHo[&+)
== S eomail ¢ leejk@ttaorkr

1979 =gk distn g3
EENEIAY

1999 g=rehgfstar theked
&3 sz (A}

20019 F=regoista sk
HAAZ S (WA R)

19999 52 20019 1€: WITS(F) NdsLdEd

2001 3¢ 2001 9€: GFUITS B

20013 10€ @A) TTA A dAZA74 A

AR 1 GAA T, EFF 2, PACS, ITS

o
re
-4
rie,

g=raasts] =82 Al 9 A A 1 5 20061 6¥

= Ef #(FF&T)

e-mail : watchamp@empal.com
2003 F=deictn FFHAT
SHaH(F A}
20034 99 ~&A) F=azista
e AAFST )
B} BYY ABA, 9%
O~

Zdo], wEFaHA Z Ao

e-mail : bwhwang@mail hau.ac.kr

19729 g=adgdista FEAAs
SHFH

1981 F73Thsh tiskd dAbsst
FHFSHAAh

1984 F7ist distd HAest
IH(F kAL

1984 59 ~19304d 3¢ et dTa AddTd

1993 8¥€~1994d 8¢ TS A3t wghu

1985\ 8¢ ~&A g=daoista o

HAIF o} Oé)\ol-;ﬂa], oJAFo1al ¢

o [e] S
TG AzAE, wEF 4

[o oot 2
ol ® no
oy
4

ox, of
ro

x

d

%a
2
2



