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Binary GA for Knot Optimization of B-Spline Curve Reconstruction

HU Liang-Chen, SHOU Hua-Hao

(College of Science, Zhejiang University of Technology, Hangzhou 310023, China)

Abstract: Freedom curve/surface reconstruction with normal constraints is crucial in optical reflecting surface design. In this paper a
binary code based genetic algorithm for knot optimization scheme is proposed to reconstruct a B-spline curve that not only approximates
the data points but also meets the corresponding normal constraints. First, the constrained optimization problem is transformed into an
unconstrained optimization problem by means of penalty function method. Then, the binary code based genetic algorithm (GA) is applied
to find the best knot vector after establishing a suitable fitness function. Finally, adaptive generation of optimal knot vector and iterative
evolution result in a satisfactory reconstructed curve. Since knot vector is non decreasing,and genetic algorithm may disrupt the order of
knot vector in searching for the optimal knot vector, a process is also built to adjust variables into disordered bounded variables in the
fitness function. Test results and a comparison with the traditional least square method as well as modern particle swarm optimization
method show that the proposed scheme for reconstructing B-spline curve with normal constraints is superior and effective on arbitrary
shape of discrete data set.

Key words: discrete data; curve reconstruction; genetic algorithm; normal constraints; B-spline; knot vector
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Table 1 The comparison of average error for example 1

F1 011 RFRELR

i 1 B st % iR E
VNG TN 1.063 6e-05 5.040 0e—06
[ WaRrR 4.638 8¢+00 1.018 1e+00
PSO 751k 3.853 6e-04 1.904 7¢-04

Table 2 The comparison of average error example 2

F2 U2 PR ELR

15 2 Bs sk VLR
AT 7.150 4e-05 1.183 2e-03
(CE RPN 5.864 1e-01 4.390 3e+00
PSO Jj ik 5.360 8e—04 5.951 4e—02

Table 3 The comparison of average error for example 3

=3 B3R E LR
% 3 Bs sk % VLR
AT 1.694 1e—02 7.876 2e—02
(CE RPN 6.493 6e+01 2.650 0e+01
PSO J5i% 4.302 3¢-02 7.844 8e-01

Table 4 The comparison of average error for example4

&4 B4 FERZE R

i 4 B AR IR
AT 7.135 5¢—04 7.226 1e-03
(L WaRrR 9.338 le+01 5.497 4e+01
PSO Jiik 1.243 0e-02 1.796 9¢-01
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Table 5 The comparison of average error for different parameterization method

x5 AFESBANTEFRRELL

1L el Bls Sk LI IR

72% by

e Bl 1 Bl 2 ZE Wl 4 Bl 1 B2 ZE Wl 4
2N KZH 5.68¢-06  3.46e-04  1.00e-01  1.22e-03  2.49¢-06  3.53e—02  5.4le-01  3.58¢e-03
[HEVE% 14 1.56e-05  2.80e—05  1.74e-02  2.69¢-04  6.51e-06  1.91e-03  1.13e-01  1.23e-03

B8 8.41e-06 3.47e-07 2.92e-04 1.95e-04 6.05e-06 1.51e-05 9.03¢—04 1.40e—03
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Fig.11 The design of optical reflecting surface
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