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Three Dimensional Geometric Feature Detection Using
Computer Vision System and Laser Structured Light
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ABSTRACT

An algorithm to extract the 3-D geometric information of a static object was developed using a set of 2-D
computer vision system and a laser structured lighting device. As a structured light pattern, multi-parallel lines were
used in the study. The proposed algorithm was composed of three stages. The camera calibration, which determined
a coordinate transformation between the image plane and the real 3-D world, was performed using known 6 pairs of
points at the first stage. Then, utilizing the shifting phem;mena of the projected laser beam on an object, the height
of the object was computed at the second stage. Finally, using the height information of the 2-D image point, the
corresponding 3-D information was computed using results of the camera calibration. For arbitrary geometric
objects, the maximum error of the extracted 3-D feature using the proposed algorithm was less than 1~2mm. The

results showed that the proposed algorithm was accurate for 3-D geometric feature detection of an object.
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Fig. 1 The
structured lighting system for 3-D geo-
metric feature extraction.
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Fig. 2 The sample chart for camera calibra-
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with laser structured light.

Table 1 Computed and actual coordinates of sample points for camera calibration (X, Y, Z unit :

mm)

Node U v z Computed X Computed Y
(Actual X) (Actual Y)

1 239 255 100 (8:8) (g:g)

2 239 269 80 (iijj (gi(l))

3 178 285 60 é::g) (:::(3))

4 201 228 40 252 égg)

s 288 202 20 (Zigjg) (:232(5))

6 271 288 0 égig) -_(:;::g)
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Table 2 Estimated heights of sample points using the correlation equation based on the central

projection plane

Real (Z,) and estimated (Z.) height of sample points (mm)

Order of laser
light (projec- Z,=0 Z,=20 Z, =40 Z, = 60 Z, = 80 Z, = 100
tonangle) | 'y vy lz| v |z| v |z|lowlzl own|zluow]|z

2nd (58.84°) | (255,116) | 0.0

(255,127) [ 17.0 (255,140)

379| (255,153) [57.2| (255,168) | 77.8| (255,184) |97.5

6th (61.92°)

(255,179) | 0.0 | (255,191) | 18.7} (255,204)

394 (255,218) 160.1] (255,233) 80.4( (255,248) (98.7

10th (65.00°)

(255,239) | 0.0 | (255,252) |20.3| (255,264)

39.4| (255,278) |160.1 (255,293) 180.4| (255,309) {99.8

14th (68.08°)

(255,297) | 0.0 | (255,309) | 18.7] (255,322)

39.4| (255,336) |60.1{ (255,350) | 79.1] (255,366) | 98.7

18th (71.16°) | (255,352) | 0.0

(255,364) | 18.7| (255,376)

379| (255,390) (58.7| (255,405) | 79.1| (255,420) | 97.5
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Table 3 Estimated heights of sample points

projection plane
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using individual correlation equation of the

Order of laser Real (Z) and estimated (Z.) height of sample points (mm)
light (projec- Z.=0 Z.=20 Z =40 "Z, =60 . = 80 Z. =100
tion angle) | (U, V) |Z | (U, V) |Z | (UV) |[Z| (UV) |Z | (ULV) |Z | (U, V) | Z

2nd (58.84°) | (255,116) | 0.0 | (255,127) | 19.3| (255,140)

404/ (255,153) {59.8| (255,168) |80.3| (255,184) | 99.9

6th (61.92°)

(255,179) | 0.0 | (255,191) [19.7| (255,204)

39.71 (255,218) | 60.1| (255,233) [80.6] (255,248) | 99.7

10th (65.00°)

(255,239) | 0.0 | (255,252) [20.9| (255,264)

39.5( (255,278) | 59.8| (255,293) | 80.1| (255,309) (100.0

14th (68.08°)

(255,297) | 0.0 | (255,309) [19.7] (255,322)

39.9( (255,336) | 60.4| (255,350) [79.7] (255,366) [ 100.1

18th (71.16°)

(255,352) | 0.0 | (255,364) |20.8{ (255,376)

39.3| (255,390) | 59.8 (255,405) (80.5| (255,420) | 99.8

Table 4 Results of sample points of the object (b) in figure 5 from 3-D geometric feature

detection algorithm

Image Laser . . . 4JE
S;:)“;ie coordinate b:‘;“l‘:: displacement Re*(ﬂx“;’rd;a‘e ES‘“‘;‘,wY‘,"’,"Z’fi)mm SQRT (X=X ) +(Y—-Y')

U, V) (4V) ’ ’ +(Z—-Z')) (mm)

1 |42, 215) 8t 51 (=350, —20, 770)|(-362, —18, 77.8) 12

2 (260, 214)| 8t 50 |(=350, —15.0, 77.0)|(=373, —153, 76.5) 24

3 |260, 239)] 11t 31 (=150, —15.0, 46.0)|(— 148, —15.7, 47.3) 15

4 |77, 238) 1l 29 [(=150, —300, 460)|(—15.7, —289, 45.8) 13

5 |60, 271)| 15t 5 |( 150, —150, 60)|( 145, —162, 63) 13
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