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The solution sets of the optimization problem in automatic lens design may have extremely
large values when the balance of parameters and aberrations is ill-conditioned. This situation
prevents the process of the optimization. The ill-condition occurs when there exist correla-
tions among the column vectors in the matrix of the partial differential coefficients. We pro-
pose a novel optimization method for the amtomatic lens design. Our method distinguishes
the set of independent vectors from that of the dependent ones using Schmidt orthogonalization
method. The method derives a relationship between the set of the independent solutions and

that of the dependent ones.

‘We propose a method to get reasonable solutions from the re-

lationship using Lagrangian undetermined multipliers method. Simulational experiments are

carried out to show the efficiency of our method.
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Table 1 Diagonal elements b::, ratio D; of b::
and bi-1,;-1 and normalized elements N:, when
the matrix of partial differential coefficients is
orthogonalized before optimization of Tessar
lens.

i bii D{ Nx'
1 872. 32076 0. 00000 100. 00000
2 532. 28621 0.61020 61. 019565
3 319. 31126 0. 59989 36. 60480
4 136. 96638 0. 42894 15.70138
5 41. 93809 0. 30619 4. 80765
6 18.61743 0.44393 2.13424
7 23.13262 1. 24252 2.65185
8 0.07132 0. 00308 0.00818
9 0.10963 1.53724 0.01257
10 0.01439 0.13126 0.00165
11 0.00449 0.31196 0.00051
12 0. 00869 1. 93665 0.00100
13 0.00137 0.15791 0. 00016
14 0.00254 1.85112 0. 00029
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Fig. 1 Example of optimization by standard
IC method and normalized IC method (Tessar
lens: F' number=2.8, FL=50.0, 14 parameters,
23 aberrations).



lll-condition EyDEEILE: (Fff « KEE - BE - 80K - H5H)

Table 2 Diagonal elements b::, ratio D: of bi:
and bi-1,i-1 and normalized elements N:, when
the matrix of partial differential coefficients is
orthogonalized before optimization of Gauss lens.

i bii Di Ni
1 2018. 79026 0. 00000 100. 00000
2 394. 88925 0.19561 19. 56069
3 156. 53808 0.39641 7. 75405
4 163. 96072 1.04742 8.12173
5 55. 46396 0.33828 2.74739
6 145. 50278 2.62338 7.20742
7 31.52517 0. 21666 1.56159
8 17.47534 0.55433 0.86563
9 3. 54920 0.20310 0.17581
10 2.34231 0.65995 0.11603
11 0.03877 0.01655 0.00192
12 0.00215 0.05532 0.00011
13 0.02409 11. 22233 0.00119
14 0.02316 0.96139 0.00115
15 0.01755 0. 75785 0.00087
16 0.00074 0.04207 0. 00004
17 0.00210 2.84832 0.00010
18 0.00032 0. 15105 0. 00002
19 0.00141 4.43762 0. 00007
20 0. 00056 0. 39906 0. 00003
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Fig. 2 Comparison of the optimization by nor-
malized IC method using the distinction by &::
and N; (Gauss lens: F number=1.7, FL=
32.0, 20 parameters, 25 aberrations).

TS, BN Y ZBEHLY v A58 LU IR
% Fig. 2 1C/Rd. Fig. 21ORT &L, EH00OHE
HEAERNTS, BEEUERSELNTNE. $3b
B, HEAARDDS, ELORAS & HEL T2,
NSWEDR, ZOX ARSI R &S0 TRE
LT H &, @ PIRTAEMICH L EBNZ B,
wRic, IC & MR ) ik & DI A B
7esE LA Fig. 3 WWRd. HBSIREL &t
FiEid, IC EETaa ) XAMICHEEOAL END
DLS gix e, 2OV ab—ya VitV Y
ZF—213, BEHEESmL v X0 (9KkLv VX, F =
0.9, HELEME=98.54) T, ZEHEHMEDOAT 16 {4,
TR 17T EEBREL 2. T, IC BB A RED
MHBEHEE LT, MARSEESRLLCER N #H

W, EEikicEEL TR, (22). @)REHVTELER
105 7
104 —e— IC Method
103 ¢ ——  DLS Method(p=100)
o
c 1024 -=-0--  DLS Method(p=10000)
o
10t
g
[
S w
Y .
o
o 1077
= 1094
1044
105 T T + T T
0 2 4 6 8 10 12

Iterations
Fig. 3 Comparison of the optimization by IC
method and DLS method at p=100, 10000 (Micro-
scope objective lens: F' number=0.9, FL=
98.54, 16 parameters, 17 aberrations).
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