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Abstract This paper argues that how to compute the center position of the knife in the image obtained by CCD
accurately is a key issue by introducing the principle of laser scanning system. In this paper, a new method based on
NURBS curve interpolation is designed. The experiments show that the results computed by this method are stable

and the errors are controlled below 0. 1 pixel. Thus, the errors in the height direction are less than 0. 02 mm.
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Fig.1 Prototype sketch of high precision 3-D

profile measuring system
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Fig. 2 Tooth model image
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Fig. 3 Principle sketch of laser scanning system
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Fig. 4 Laser-knife image
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Tablel 1 Results computed by the polynomial fitting method (unit: pixel)

v 1 2 3 4 5 6 7 8 9 10 11
90 | 365.407 365.422 365.418 365.460 365.442 365.500 365.437 365.419 365.574 365.400 365.552
190 | 364.240 364.155 364.141 364.381 364.207 364.221 364.258 364.175 364.630 364.233 364.261
290 | 363.054 363.158 363.167 363.120 363.225 363.110 363.147 363.161 363.177 363.186 363.152
390 | 362.079 362.271 362.051 362.243 362.073 362.056 362.166 362.184 362.226 362.059 362.000
490 | 361.472 361.454 361.465 361.448 361.475 361.474 361.466 361.476 361.422 361.299 361.592
v 12 13 14 15 16 17 18 19 20 Avg. 13
90 | 365.470 365.633 365.506 365.388 365.431 365.458 365.390 365.481 365.488 365.464  0.246
190 | 364.287 364.348 364.259 364.279 364.120 364.362 364.303 264.315 364.300 364.274 0.510
290 | 363.095 363.113 363.128 363.233 363.181 363.174 363.097 363.016 363.174 363.144 0.220
390 | 362.077 362.085 362.038 362.072 362.200 362.039 362.033 362.085 362.193 362.111 0.274
490 | 361.550 361.571 361.458 361.640 361.555 361.318 361.560 361.499 361.471 361.487 0.325
*®2 {EFA NURBS ZiItEER (S .KK)
Table 2 Results computed by NURBS method (unit: pixel)
v 1 2 3 4 5 6 7 8 9 10 11
90 | 365.443 365.446 365.445 365.472 365.458 365.488 365.460 365.449 365.497 365.441 365.482
190 | 364.265 364.279 364.253 364.281 364.246 364.255 364.287 364.231 364.307 364.266 364.288
290 | 363.071 363.136 363.136 363.146 363.156 363.102 363.163 363.134 363.129 363.129 363.115
390 | 362.130 362.118 362.110 362.179 362.125 362.113 362.143 362.138 362.180 363.118 362.114
490 | 361.474 361.454 361.465 361.448 361.475 361.473 361.466 361.476 361.422 361.499 361.487
v 12 13 14 15 16 17 18 19 20 Avg. 13
90 | 365.479 365.502 365.493 365.427 365.468 365.268 365.443 365.474 365.480 365.465 0.075
190 | 364.280 364.291 364.286 364.302 364.234 364.316 364.280 364.265 364.281 364.275 0.085
290 | 363.154 363.140 363.151 363.159 363.125 363.132 363.144 363.129 363.126 363.134 0.092
390 | 362.128 362.133 362.088 362.120 362.141 362.089 362.103 362.135 362.131 362.127 0.091
490 | 361.489 361.517 361.462 361.504 361.494 361.420 361.505 351.495 361.474 361.475 0.097
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Table 3 Results computed by polynomial fitting and NURBS methods (unit: pixel)
1 2 3 4 S 6 7 8 9 10 11
Fitting | 443.818 443.780 443.825 443.904 443.998 443.722 443.896 443.909 443.660 444,124 443.746
NURBS| 443.883 443.852 443.896 443.895 443.891 443.884 443,927 443.904 443.848 443.913 443.903
12 13 14 15 16 17 18 19 20 Avg. 13
Fitting | 443. 885 443.728 443.427 443.634 443.698 443.836 443.675 443.832 443.794 443.804 0.696
NURBS| 443.896 443.887 443.835 443.882 443.871 443.902 443.870 443.904 443.869 443.886  0.093
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Table 4 Positions and gray values of knife pixels in
13 th image (v=90)

u | 361 362 363 364 365 366 367 368 369
h 25 48 98 171 227 248 230 154 73
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Fig. 5 3-order B-spline curve and control points

18 1 7 5 A T AR A 5G9 A IR, B AT 4
fil £ B TR o AR T 19 8 B, BEAR 4 42 1 T0AR0IK B

E7E TR 6 TR 2 A B K BEAE B9 2 A 1 0 R B
E o TR ERLAY 7 kW1 LUK 22 o TG K BE (L5 06 T 48
YR AR B AN G EUAEAE AR . FEA SO,
5 F NURBS 35 19 H 92 B AR RS . B,
B AL 7 7 225 BOL T PR R SR BRI &
Wi, T LAAR 8 O T0 8 3R RUK BEAE M e v B, 38 i
/0 A 545 A TH A, B A DR, 68 il 4 8 0 B B X
A3 A T, AT D 2 3% MR 7 2 ) ) O T AR 3R LY
. XFR 4, BB TAHE T
0.0146 0.0281 0.0573 0.1000 0.1327
0.1450 0.1345 0.2247 0.1631
I 5845 B B9 rp O B B R A, S5 R ISR 2,

5 & ik

B F NURBS B £k A 18 47 1 Joy &8 4 1 ¥, BT LA
f# F§ NURBS 3318 96 7] dh0 0 &, BB 9 B AR 6 )
BRI R . T HL @it b A SRR 5 T, U
B NURBS s EE HHE LTI 0L B R E,
HEHKREEREO. I MREUT . X TFARS,1
MERRARE 0.2 mm W& E. H I, NURBS #
RE % K B 2 SR RO & B IR 2 I FE 0. 02 mm PATF,

MNT A A% ot % v 7 0 O
& X X W
1 J. P. Kruth, A. Kerstens. Reverse engineering

modeling of free-form surfaces from point clouds subject
to boundary conditions [J]. Journal of Materials
Processing Technology, 1998, 76:120~127

2 Abdalla Alrashdan, Saeid Motavalli, Behrooz Fallahi.
Automatic segmentation of digitized data for reverse
engineering applications [J]. IIE Transactions, 2000,
32.59~69

3 Giovanna Sansoni, Matteo Carocci, Roberto Rodella.
Calibration and performance evaluation of a 3-D imaging
sensor based on the projection of structured light [JJ.
IEEE Transaction on Instrumentation and
Measurement , 2000, 49(3) :628~636

4 Yan Qingjin. Numerical Value Analyse [ M]. Beijing:
Beijing Aviation and Spaceflight Publishing Company,
1991. 206~215 (in Chinese)

5 Yue Kaiduan. Research on theory and applications of
high precision three dimension digitalization in reverse
engineering [ D]. Xi’ an Jiaotong University Doctor’ s
Degree Thesis, 1980. 20 (in Chinese)

6 Zhu Xinxiong. Free-form Curve and Surface Modeling
Technology [M]. Beijing: Science Publishing Company,
2000. 145~167 (in Chinese)



