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Real-time Displacement Measurement System for Multiple Moving

Obijects Based on Image Processing Technique

Sung Wook Kim

Department of Mechanical Design, Graduate School

Pukyong National University

Abstract

The paper introduces a development result for displacement
measurement system of multiple moving objects based on image
processing technique. The image processing method adopts
inertia moment theory fqr obtaining the centroid of the
targets and basic processing algorithms of gray, binary,
closing, labeling and etc. To get precise displacement
measurement in spite of multiple moving targets, a CCD camera
with zoom is used and the pecsition of camera is changed by a
pan/tilt system. The fiducial markKs on the fixed positions
are used as the sensing points for the image processing to
recognize the pcsition errors in directions of x-¥
coordinates. The precise alignment device 1is pan /tilt of
X-¥ type and the pan/tilt is controlled by DC servomotors

which are driven by 80cl196Kc microprocessor based contrcller.
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The centers of the fiducial marks are obtained by a inertia
moment method. By applying the developed precise position
control system for multiple targets, the displacement of
multiple moving targets are detected automatically and are
stored in the database system in a real time. By using
database system and internet, displacement datas can be
confirmed at a great distance and analyzed. The developed
system shows the effectiveness such that it realizes the
precision about O0.12mm in the position control of Y-V

coordinates,
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Table 1 Configuration of the vision system

Items

Models

Spec.

CCD-Camera [K-642K

¥ [mage pickup device @ 1/2" [T
CCD lmage Sensor ‘
= [mage pickup device  Hor-
6.54mm / Ver-4.89mm

® Resolution ! Hor— 470 TV lines /
Ver—- 350 TV lines

m Standard subject illumination
120 Lux (f1.2. 3000K)

o Video output @ VBS 1V p-p,
NTSC

camcorder

CCD-TR315

m Digital zoom © 180X

8 Optical zoom : 18x%

Horizontal 280 lines

' Frame-grabber

board

Bandit

Integrated VGA Card and Video
Digitizer

® Display 1600 x 1200 in high
color or 1280 x 1024 in true color
w Simultaneous NTSC/PAL
Interlaced and VGA Qutputs

® SGRAM-hased VGA Configuration
controller features 3D acceleration
m Double buffering for tear—free

displays

Photo. 2.17 Photo. 2.2, Photo. 2.3 24 9432 ey A
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Photo. 2.1 CCD camera Photo. 2.2 Camcorder

Photo. 2.3 Framec—grabber board
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Fig. 3.4 Recognition procedure of the observation point

¥ ool s A% el gue el da A3 dolrE

S I61[71810911101113]

3.4.1 94 A (Capture)

CCDAtd etz £E dola= gGAatdlolHE= ZUHPPCH 44
A oju]A] mewEee] wuo] AujdelHz At HeHol
He 23 a7 4448828 A for Bole I o

3L} TVelM Bz Gakat 2o} o) dole & gaA g ar]AsiA

_26_



to PCHl 28] 2 t}A] 7

©

o & o] 43

o vhepuiel,

Eo

T
3.4.2 2ol & (Gray)

A4

-

[ils]

&

il
o8

n

ol
=

Ho

of
L
_OD

\mo

ol
L3

ol

~
=

i
W

e
o

=5

=

=
Q

A7
b ool

=]
i

=3

G:Green, B:Blue)
O

[

f—

|

A
A7 YT AT oY

l

=

AFE 2R A=
)gwﬂo

[o]
L

<

4.2 RGB(R:Red,

=

X
gl Alo] dof o]

sy
=

2E o

eloll Wol of &-#rt.

el el zztel

2 7€t RGB 2

13

3

| sk,

5

Hel
o
o

o

T

T

e}
7

J|
R

a

oh.[9]
(3-1)

I

T

1

g
=

. A4S RGB Al A]

g
P e 2 F4E ALS

0209R+0.587TG+0.1148
5 2] Aol 1H}o] E(byte)®

j -

[

G, B

R,

——
o

al

o Weorn 2 el "ol Fig. 3.5

A
- 27 -

|

!



Fig. 3.5 Color image and gray image
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Photo. 4.2 Installed observation points in the experimental apparatus
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Fig. 4.8 Labeling image after press sand
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Fig, 4.9 Imtial data and comparison data
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Table 2

Pixel accuracy

Pixe‘lwrnumber mnm accuracy per pixel

1000 0.25

1500 0.2

2100 0.1667
2700 0.143
3100 0.136
3500 0.125
4000 0.119
4500 0.114
5000 0.111

over 6500 approximately 0.1

Table 294 & + Ax
A4 sl T E

Fig. 4.102 Table 28 Z2ej=

number)2-

0.05¢1

Pixel accuracy

02501
02k
mm 0.15
accuracy
per pixel 0.1

0 bl Fn L
1000 2100

3100 4000 5000

Pixel number

Fig. 4.10 Pixel accuracy graph
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Photo. 4.4 Image before Photo. 4.5 Image after
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Fig. 4.11

Three targel points before movement
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Initial Data ; Comparison Data _
Mum | Dimensions Centrold all Num | Dimensions Certroid -

i
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Fig. 4.14 Initial data and comparison data
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