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Research on Comparison of Intelligent Optimization Algorithms
in the Parameters Retrieval of Crystal Dispersion Equation

WANG An-xiang,ZHU Chang-jun,ZHANG Xiao-jun
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Abstract: In order to study iteration searching properties of intelligent optimization algorithms parameters
in dispersion equations of different crystal material, genetic algorithm, simulated annealing algorithm and
genetic simulated annealing algorithm were employed, respectively, to obtain the coefficients of the
improved Sellmeier equation for quartz crystal and calcite crystal according to the measured experimental
data. Meanwhile, the differences of iteration searching property,algorithm stability, computation time and
sum of squares of deviations in the three algorithms were compared. The results show that the three
algorithms are all feasible in terms of coefficients retrieval in the dispersion equation, however, genetic
simulated annealing algorithm have rapid large-scale search and strong local search performance deriving
from the genetic algorithm and simulated annealing algorithm respectively. It makes optimization results
of crystal dispersion equation parameters in inversion to be better. Therefore, we recommend using the
genetic simulated annealing algorithm to obtain dispersion equations for other materials. The
aforementioned results are of help to the study of iteration searching properties of mixed intelligent
algorithms.
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Fig.1 Experimental data and fitting curve of Sellmeier equation for quartz crystal
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Table 1  The retrieval results of quartz (o light) by a genetic algorithm under different iterations in spectral region (0.198 ~ 2.053 1 pm)
Iterations Coefficients of the improved Sellmeier equation Error Time
50 A =2.38414,B=5.894 X 10°*,C=2.192X10*,D = 2.055 X 10°* 2.65x 10" 1.0 s
100 A = 2.37658,B=6.282X10°%,C=2.184X10*%,D=1.824 X 10" 1.88 x 107" 2.6s
200 A =2.37325,B=17.298X10°,C=1.909 X107 ?,D=1.719 X 10°* 1.0l x 10" 5.2s
400 A = 2.36523,B=9.057X10°%,C=1.428 X10*%,D =1.454 X 10* 2.19 X 10 10.5 s
800 A =2.35856,B=1.031X10*,C=1.122x10*,D=1.211X10"* 1.42 X 10° 20.9 s
1000 A = 2.35743,B=1.056 X10*,C=1.057 X 10*,D=1.172 X 10* 4.65 X 1077 26.2 s
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Table 2 The retrieval results of quartz (o light) by multiple runs of the genetic algorithm in spectral region(0. 198 ~ 2. 053 1 pm)
The i time Coefficients of the improved Sellmeier equation Error Time
A = 2.35743,B = 1.056 X 10°* .
1 ) 4,64 X 1077 26.2s
C=1.057X10*%,D=1.172 X 10°*
A = 2.35647,B=1.079 X 10°* .
2 ) ) 2.66 X 107" 25.6 s
C=19.991X10"°,D=1.141 X 10"
A = 2.35696,B = 1.068 X 10°* .
3 ) _ 2.88% 107" 25.5 s
C=1.027X107%,D=1.157 X 10*
A = 2.35661,B=1.076 X 10°* .
4 N ) 2.57 X 1077 27.2's
C=1.006 X107°,D = 1.145X107*
A = 2.35624,B=1.085X 10" .
5 . 3.17 X 1077 28.2's
C=9.846 X107°,D =1.133X10*
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Table 3

The retrieval results of simulated annealing algorithm under different temperature decay factor for quartz (o light) in

spectral region (0.198 ~ 2.053 1 pm) (Metropolis L = 100 00)

Temperature decay factor  Coefficients of the improved Sellmeier equation Error Cooling times Time
A = 2.35576,B = 1.080 X 10°* . .
0. 90 » ., 2.32X10°° 132(127) 28 min 13.5 s
C=09.819x107°,D =1.147 X 10°*
A = 2.35780,B=1.078 X 107°* . .
0. 85 . 2.87x107° 86(84) 16 min 41.8 s
C=9.879X10"°,D = 1.146 X 10°*
A = 2.35892,B = 1.065 X 10" . .
0.75 . . 7.73X10° 49(49) 9 min 29.6 s
C=1.012xX10"%,D=1.149 X 10°*
A = 2.35216,B=1.133 X 10" . .
0. 65 . 8.79 X 107° 33(33) 6 min 17.4 s
C=8.416 X10"*,D = 9.731 X 10°"*
A = 2.35962,B = 9.806 X 10* . .
0.55 1.01 X 10 24(24) 4 min 31.4 s

C=1.239X107*,D =1.295X 107"
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Table 4  The retrieval results of quartz (o light) by multiple runs of the simulated annealing algorithm in spectral region(0. 198 ~ 2. 053 1 pm)
The i-th time Coefficients of the improved Sellmeier equation Error Time
A = 2.35426,B=1.135Xx10"%, - .
1 . 3.84 X 10°°¢ 55 min 43.9 s
C=8.757X107,D = 1.104 X 10*
A =2.35680.B = 1.044 X 107, , .
2 5 ) 2.91 X 10° 57 min 18.3 s
C=1.096X10"°,D=1.185X 107"
A = 2.35766,B=1.110x 1077, _ .
3 . 4.87x10° 55 min 27.7 s
C=18.952X107°,D=1.202X 10"
A = 2.35837,B=1.045 %1077, ) _ .
4 5 _ ) 3.11 X 10°° 54 min 51.7 s
C=1.076 X107°,D = 1.257 X 107*
A = 2.35666,5 = 1.092 X 10 %, o
5 2.93x10° 54 min 42.9 s

C=09.319X107°,D=1.187 X 10°*
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Table 5
region(0. 198 ~ 2. 053 1 pm)

The retrieval results of quartz (o light) by a genetic simulated annealing algorithm under different iterations in spectral

Maximum iterations

Coefficients of the improved Sellmeier equation Error Time

A = 2.3566799.B = 1.0747375 X 107*,

100 X X 2.5428188 X 107 3min 5.5 s
C=1.0099814 X 107%,D = 1. 1477769 X 10°*
A = 2.3566799,B = 1.0747366 X 1077, _ . .
200 R X 2.5428188 X 1077 6 min 49. 3 s
C =1.0099836 X 107*,D = 1. 1477781 X 10°*
A = 2.3566799,B = 1. 0747363 X 1072, . .
300 , 2.5428188 X 10°' 10 min 2.2 s
C = 1.0099845 X 107%,D = 1. 1477786 X 107*
A = 2.3566799,B = 1.0747363 X 107*, _ . i
400 2.5428188 X 1077 16 min 21.8 s

C =1.0099844 X 10*,D = 1.1477785 X 10*
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Table 6  The retrieval results of quartz (o light) by multiple runs of the genetic simulated annealing algorithm in spectral region
(0.198 ~ 2.053 1 pm)
The i-th time Coefficients of the improved Sellmeier equation Error Time

A = 2.3566799,B = 1. 0747375 X 107*

2.5428188 X 1077 3 min 5.5 s

2.5428188 X 1077 3 min 5.3 s
2.5428188 X 1077 3 min 6.9 s
2.5428188 X 1077 3 min 3.6 s

2.5428188 X 1077 3mnb6.9s

1 ; ;

C = 1.0099814 X 107*,D = 1. 1477769 X 107*
9 A = 2.3566800,B = 1. 0747340 X 107*

C = 1.0099906 X 107*,D = 1. 1477819 X 107*
3 A = 2.3566799,B = 1. 0747359 X 107*

C = 1.0099855 X 107*,D = 1. 1477791 X 107*
4 A = 2.3566799,B = 1. 0747358 X 107*

C = 1.0099857 X 107*,D = 1. 1477792 X 107*
5 A = 2.3566799,B = 1. 0747358 X 10°*

C = 1.0099857 X 107*,D = 1. 1477792 X 10~*
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Table 7
spectral region (0.198 ~ 2,053 1 pm)

The retrieval results of quartz (o light) by a genetic simulated annealing algorithm within the annealing process in
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Fig. 2 Residual curves of experimental data and fitting data for quartz crystal
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Table 8 The Comparison of three intelligent algorithms in the parameters retrieval of dispersion equation for calcite crystal in
spectral region (0.394 ~ 1. 159 pm)
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Fig. 3 Residual curves of Experimental data and fitting data for calcite crystal
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