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Development of the Computer Vision based Continuous 3-D
Feature Extraction System via Laser Structured Lighting
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ABSTRACT

A system to extract continuously the real 3-D geometric feature information from 2-D image of an object, which
is fed randomly via conveyor has been developed. Two sets of structured laser lightings were utilized. And the
laser structured light projection image was acquired using the camera from the signal of the photo-sensor mounted
on the conveyor. Camera coordinate calibration matrix was obtained, which transforms 2-D image coordinate
information into 3-D world space coordinate using known 6 points. The maximum error after calibration showed 1.5
mm within the height range of 103mm. The correlation equation between the shift amount of the laser light and the
height was generated. Height information estimated after correlation showed the maximum error of 0.4mm within
the height range of 103mm. An interactive 3-D geometric feature extracting software was developed using
Microsoft Visual C** 4.0 under Windows system environment. Extracted 3-D geometric feature information was
reconstructed into 3-D surface using MATLAB.
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Fig. 1 Line shift of the object surface caused
by the light interference.

0P 2 Jx %29 FAol7} Yol Al Bt e}
A, 4z o] B o sl G4 FEBAY uFE
Fom dold TzH B4 wolBe &Y
.

oleig 4BWAZT Fol%F AP S 17
o] 2544 02 FHshd g ok

Zi= g X(dw)l+ F X (Ju)+ gy eeeeeeens (10)
Z= a X (dul+ 8 X (Jug)+ y -eeeeeees (11)
Zy= g X (JwP+ F X (Ju)+ 7 eeveeeen (12)
Zo= a X(Ju)l+ B X (Ju)+ y covveeeer (13)
Zs=a X (JdusP + B X (Jus) + y eeeeeeees (14)
Zs = a X (Jul + B X (Jug) + g wveeeeeee (15)

A(10)~(15F B2 QWSS | AFFY
YA e Moz 2(16)3% o] RHE 4 Utk

[Z*] = [LUu*] [M] <eveeoorneerersmnmerssnninannes (16)

YAt A o) fatel Tk gol Mg TE 5
ek

M] = {[Au"‘]T [du*]}_l [dut]T [Z*] <veoeeees (17)

(3) ZH0[0] O[SAl THAH FOIO| T2t AL
S Q4 ESAIZ RO[0) THE B4 B

—161—



2 E1 AR A 24P A25 19999 49

P 7/ Y
YA ‘

N H
WAL/
ot w7 P
V4
= v
(a) (b)

Fig. 2 Calibration of the geometric offset
caused by the moving object.
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Fig. 3 Samples of 3-D geometric primitives.
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Table 1 Calibration errors of sample points (x, y, z unit : mm)
No. Original coord. Image coord. Error
X y z u v l4x1 14y I4E |
1 25.0 0.0 3 266 240 0.1 0.1 0.1
2 0.0 | -50.0 23 320 352 0.1 0.1 0.1
3 -50.0 25.0 43 438 182 1.3 0.8 1.5
4 —1000 | —75.0 63 559 418 0.0 0.0 0.0
5 750 | —25.0 83 134 301 0.1 0.0 0.1
6 100.0 25.0 103 67 177 0.0 0.0 0.0
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Table 2. Estimated heights for two laser structured lights using the correlative equations

(z unit : mm)
No o Left side laser structured light Right side laser structured ‘:li'ght
up Aduy, Ui Aug
1 0 | 316.1413 0.0000 | 320.2742 0.0000
2 3 | 308.6815 7.4598 328.4653 8.1911
3 23 | 264.4405 51.7008 374.3351 54.0609
4 43 | 218.2189 | 97.9224 4222908 | 102.0166
5 63 | 171.9696 | 144.1717 472.0194 | 151.7452
6 83 | 120.3684 | 195.7729 525.1218 | 204.8476
7 103 65.1136 | 251.0277 578.8116 | 258.5374

Fig. 4 Image after thresholding of the pen-
tahedron.
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Fig. 5 Image of pentahedron after line thinn-
ing from two laser sources.
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Fig. 6 Image of a stair type primitive after

line thinning from two laser sources.

Fig. 7 Front view of the pentahedron image

generated using MATLAB.

Fig. 8 Image of a stair type primitive before
calibration.
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Fig. 9 Image of a stair type primitive after
calibration.

Fig. 10 An original image of carrot.

Fig. 11 Structured line image of carrot after
thinning.
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