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Optimization of Optical Systems with the Real-coded Genetic Algorithm
Incorporated into Escape Function

WANG Ze-min, LU Li-jun
(Department of Precision Mechanism s Shanghai University , Shanghai 200072, China)

Abstract: To reach the optimal design of optical system, the binary coding of standard genetic algorithm
was changed to real coding to improve its robustness and calculation efficiency, and an escape function
Then the

improved genetic algorithm was applied to optimize a fisheye lens and a catadioptric panoramic image

was incorporated into the evaluation function of system to avoid falling into local minima.

system. The imaging performances were simulated by raytracing calculation with Zemax and optimized
with CODE V for comparison. The calculation results show that the optical system optimized with the
improved algorithm has better imaging performance than which optimized with standard genetic algorithm
mixed with escape function or optimized by CODE V. The study confirms that the proposed algorithm has
satisfactory robustness and calculation efficiency in optimization of optical systems.

Key words: Ultra-wide-angle optical system; Optical design; Aberration; Genetic algorithm; Escape
function; Robustness
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Fig. 1 D light ray of the ith field angle passes through the

last optical surface and focuses onto the image plane
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R = 20050046 A% = 19;

ZEMEER = [—2.-84.181,—16. 484,

—17.009,—77.251,—18.256,—57.451,46. 509,

—10.306,—17.395,7.9,3.373,19.5,1,12. 85,

1.2,1.34,2.571.1.781];

ZEMETR = [2,—78.179,—13.483,

—15.008,—71.249,—16.556,—51.449,51. 511,

—7.606,—15.394,12.1,5.375,21.82,2.2,15. 87,

2.3,3.36,4.573,2.7837;

Za E TR = [FIRME. ERE];

FhEE LR 4 tS = InitializeGA (19, bounds, FUN’,
eval_Ops,[le-4 1]);
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[Initpop] = InitPopGray(FhEEHC, — #EHI F0 5
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end

WG R BE K E = Ones(1,K ).
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Fig.2 The flow diagram of the algorithm
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F1 ERFAIAFEHERFENAFERSE/mm
Table 1 Parameters of radius of optical surfaces and optical spacing of the fisheye lens/mm
Optical surface ¢ 1 2 3 4 5 6 STO 8 9 10
Reference design 54,45 18.26 74.25 14.01 16.48 81.18 oo 48.51 —8.31 —16.39
Radius(R;)  Optimized by CODE V= 43.26 16.74 91.09 15.24 18.81 214.8 o 75.32 —8.13 —14.83
Optimized by MERCGA 52.40 16.82 73.08 16.74 16.44 82.83 o 46.88 —8.65 —16.83
Reference design 1.60 13.86 1.40 18.81 3.37 9.00 2.35 3.57 1.78 37.22
Distance(d;) Optimized by CODE V. 3.45 13.45 0.90 15.59 6.10 7.87 2.35 3.96 2.29 39.16
Optimized by MERCGA 2.18 15.82 1.42 19.17 3.56 9.98 1.73 4.57 3.06 32.13
*2 BRELFNIPRESEE
Table 2 The value of merit function and its component of fisheye lens
Field angle 10° 25° 40° 55° 80°
Q.n/ Optimized by CODE V 7.8 10.0 14.0 20.0 38.5
(X107*mm) Optimized by MERCGA 5.5 9.9 16.0 24.7 45.5
Qw/ Optimized by CODE V 7.4 8.0 9.1 11.0 15.6
(X107*mm) Optimized by MERCGA 4.7 6.4 8.6 10.9 36.5
Qir/ Optimized by CODE V 1.6 3.5 4.2 4.0 2.5
(X10*mm) Optimized by MERCGA 0. 81 1.7 2.1 3.2 14.0
Quin/ Optimized by CODE V. 14.9 18.0 23.7 31.2 33.4
(X107mm) Optimized by MERCGA  14.4 15.3 17.0 19.9 28.4
Q/ Optimized by CODE V 6. 34
(X10 *mm?*) Optimized by MERCGA 5.69
O Ay i}, % 2 Jy CODE V fl MERCGA {k {£ % H 0 7 # i
5 s} - N B A i H b Q st (D HHE T 45
TONp e s T WA LA Zema 6 BF 6 9 61 B 62 R 58
3 PAT LR AR 22315 Wl 5. & 5(a) (b)) 4r BIR
‘E 18 /\/—/\—\/\/\/\ % 1 ¥y CODE V il MERCGA {1k i% 112 &t
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N S P 6 0T R IR R S R B 4L
0 2 21 6 8§ 10 12 14 16 18 20 TR o e B R R R IA KR 2y =a et
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Fig. 4 The distribution of merit function value to the
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Aperture ray aberrations of the fisheye lens on the image plane at different field angles
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Fig. 6 The optical scheme of the catadioptric panoramic
imaging system
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Fig. 7 The distribution of merit function value resulted from
the optimization with SGA, MESGA and MERCGA to
the catadioptric panoramic imaging system discussed
3 MARHEEESE/mm
Table 3 Parameters of pre-group mirror of catadioptric

panoramic system/mm

51 a; /2

as

Reference design 52.47 —49. 81 0. 349
Optimized by CODE V  61. 96 —82.34 2.2
Optimized by MERCGA  53.63 —46.79 0.1

1 MERCGA X iZ 4t Ui & st iR R4 &4 20 WAL
eI T A3 2 B PE A R BB e A T k. RS A T
CODE V #l MERCGA fli fb & i (4 3% f 6 %5 & 43 &=
. W Zemax XF 1538 19 31 B g 42 50 U O 2 & G ik
TR A% 22118 1 8Ca) . (b) 4> B Sk FH i & 36 3
13 4 iy CODE V #1 MERCGA 4k ¥ 3t.

R4 Tessar YREENFEEMEZRFNRZFERS E/mm

Table 4 Parameters of radius of optical surface and optical spacing of Tessar object lens/mm

Optical surface 7 1 2 3 4 5 STO 7 8 9 10
Reference design 7.24 13.71 —17.21 3.89 —27.52 oo 6.61 —6.65 22.81 —20.27
Radius(R;)  Optimized by CODE V7,23 19.11 —24.61 3.60 —21.14 oo 7.26 —6.35 31.43 —19.91
Optimized by MERCGA 8.01 16.34 —19.88 4.99 —23.64 oo 10.3 —6.37 16.86 —24.77
Rreference design 3.20 0.89 2 3.21 0. 20 2 4.64 0.10 3.21 20.84
Distance(d;) Optimized by CODE V. 3.44 0.52 2 2.27 0.1 3.45 4.77 0.11 3.34 21.31
Optimized by MERCGA 4.87 3.37 1.67 4.87 0.55 1.32 3.98 0.28 3.71 12.88

x5 MEHEERGRENTNRBRESEE
Table 5 The value of merit function and its component of the catadioptric panoramic system
Field angle 25° 37° 48° 65° 80°
Q.» Optimized by CODE V 3.0 6.7 10.5 16.6 21.7
/(X10"*mm) Optimized by MERCGA 2.8 3.5 4.6 6.8 9.2
Qi Optimized by CODE V 1.8 4.8 8.5 16. 6 26.8
/(X107 *mm) Optimized by MERCGA 3.8 4.0 4.2 4.8 5.4
Qi Optimized by CODE V 6.4 9.5 12.5 15.7 21.3
/(X10"*mm) Optimized by MERCGA 7.2 10.7 13.9 17.3 22.8
Qi Optimized by CODE V 18.6 18.7 18.7 18.7 18.5
/(X10"*mm) Optimized by MERCGA 14.2 14.1 14.0 13.8 13.5
Q Optimized by CODE V 4.77
/(X110 mm?) Optimized by MERCGA 2.51
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Fig. 8 Aperture ray aberrations of the catadioptric panoramic imaging system on the image plane at different field angles
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