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Development of a Remote Object's 3D Position Measuring System

Kang Park*

ABSTRACT

In this paper, a 3D position measuring device that finds the 3D position of an arbitrarily placed object using
a camera system is introduced. The camera system consists of three stepping motors and a CCD camera and a

laser. The viewing direction of the camera is controlled by two stepping motors (pan and tilt motors) and the

direction of a laser is also controlled by a stepping motors (laser motor). If an object in a remote place is selected

from a live video image, the x, y, z coordinates of the object with respect to the reference coordinate system can

P

be obtained by calculating the distance from the camera to the object using a structured light scheme and by

obtaining the orientation of the camera that is controlled by two stepping motors. The angles of stepping motors

are controlled by a SGI O2 workstation through a parallel port. The mathematical model of the camera and the

distance measuring system are calibrated to calculate an accurate position of the object. This 3D position

measuring device can be used to acquire information that is necessary to monitor a remote place.
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Fig. 1 View of the 3D position measuring system
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Fig. 3 Mathematical camera model
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Obj(p) : squared sum of residual function

P : calibration parameter vector

Ri(p) : residual function

fi* : measured image coordinate of target point
fitp) : calculated image coordinate of target point
nout : number of measured target point
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g calculated coordinate of target points
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Table 1 Initial and final values of the calibration

parameters in camera calibration

Calibration Initial i
Final values
parameters valucs
To(mm) 0. 5.4468
T.{{mm) 20. 24.3796
Related
. T(mm) 425. 421.9370
0
T O (deg.) -0.01 0.4813
O (deg.) 0.01 -0.7529
O Adeg.) -0.01 0.9442
Fipixels) 1190. 1178.26
Related flpixels) 1100. 1072.29
to k(mm) 0.1 0.0742
Camera k.{(mm) 0.1 0.0819
Model upixels) 359.5 326.78
v pixels) 242.5 209.71
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Table 2 Initial and final values of the calibration

37 i parameters in camera system calibration
5 . : v including driving system.
5 ! o Yme Calibration Initial .
] % ahe oS ©800 Final values
3 9 ; o 01000 parameters values
4 . BEEY 41200 T(mm) 5. 5.0744
I 4
> -1 ~ “ ‘ Ty 10. 10.1733
¢ Related {mm)
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) . . : to
T O ddeg.) 0.01 0.4984
-3 ; 4 (deg.) 0.01 -0.1264
-3 -2 -1 0 1 2 3 & {deg.) 0.01 -0.0940
u-u* (pixels) T{(mm) 0. -4.0393
.. . 7,(mm) 24, 23.7465
Fig. 8 Residual errors between measured (u* v¥*) Related
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with a fixed viewing angle. T.” 7deg)
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(up, voyi= A ofvjx| o] FAlghs ddglory, o Related | filpixels) 1072. 1065.54
o)e] grue ol dol 4 E QY WA Yol A A o | kmm | 01 0.0806
[ A e e e Camera k. {mm) 0.1 0.0796
Fig.82 W AE £od wdo] ofdt Ay (u, Model |y (pixels) 326.8 327.05
vy #E g FAY #Angher, voe A s U vi(pixels) 209.7 209.60
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Table 3 Initial and final values of the calibration
parameters in the distance measuring system

calibration.

Calibration . .
Initial values Final values
parameters
D, (mm) 291. 289.3
D, (mm) 26.4 27.37
41" (deg) -1.5 -0.63
85" (deg) 0.8 -0.03
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Fig. 11 Errors between measured (x* y*) coordinate
and calculated (x, y) coordinate after distance

measuring system calibration
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