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Comparison between five-lens system designed with PSO
and five-lens system from ZEBASE

Qin Hua, Wang Ligang, Zhang Jinghua, Lei Chengxin, Han Kezhen
(Department of Sciences, Shandong University of Technology, Zibo 255049, China)

Abstract: Particle swarm optimization (PSO) technique is applied to design a five-lens system. The
optical merit function composed of spherical aberrations, an image distance, distortions, field curvatures,
comas and light dispersion values, were employed as fitness functions of the particle swarm algorithm. By
using this function automatic searching for the optimal design, a simple five-lens system was carried out.
Comparisons in terms of spherical aberrations, distortions, field curvatures, comas and light dispersion
values were performed between a five-lens system designed with PSO and a five-lens system from
ZEBASE. The result shows that spherical aberrations, distortions, meridional field curvatures, sagittal field
curvatures, sagittal light dispersion values of a five-lens system designed with PSO are smaller, and
meridional light dispersion values, meridional comas, sagittal comas of a five-lens system from ZEBASE
are smaller. The example for a five-lens system design using particle swarm algorithm indicates that PSO
can overcome the shortcomings of the modern optical design software which highly depends on an initial
structure input by the user and can create arbitrarily search ranges of structure parameters, which is an
important step towards automatic design with artificial intelligence.
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Tab.1 Structural parameters of both a five-lens system designed with PSO and a five-lens system

from ZEBASE

r d
No Ne Nc
(2) (P) )
1.0 1.0 1.0
41131 ;5374327864 41146.56962657 2.438 40 6.0000 1.52054 1.525712 43 1.518 247 20
14.665 96 14.9925 14.960 60 15.274 2 1.0 1.0 1.0
2.997 20 5.0000 1.717 36 1.7346730 1.710 365 93
13.495 02 13.2450
59.888 12 64.935 1 6.858 00 4.0000 1.0 1.0 1.0
_38.511 48 _38.6100 7.721 60 8.0000 1.575010 1.584 777 79 1.570 920 89
Inf(aperture stop)  Inf(aperture stop) 5.486 40 8.0000 1.0 1.0 1.0
Inf Inf 1.879 60 4.0000 1.0 1.0 1.0
18.379 44 20.000 0 1.803 40 4.0000 1.717 36 1.7346730 1.710 365 93
~32.626 30 -30.4878 5.334 00 8.0000 1.64049 1.647 899 29 1.637 244 80

1.0 1.0 1.0
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Tab.2 Scopes for structural parameters of a five-lens system

r [300,500],[8,35],[8,35],[8,35],[30,100],[-70, -20], [Inf, Inf](aperture stop), [Inf, Inf],[10,50],[-65,-10]

d [1,5],[10,20],[1.5,3.5],[4,10],[4,10]1,[4,8],[1,4],[1,4]1,[5,7]
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Tab.3 Aberrations to be corrected and its
target values

Aberrati-
’ ’ ’ ’ Xt/ . XS/ ’
i, .6 B
.
arget 0 55.092 6 0 0 0
values

H A8 18 N i1y, 1, 1y, s, Fe, s, Fe, T, Or, Oa, ds,
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(Xg, Xz, ===, Xn)= (r1,ra,F4,¥5, 06, Fg, o, g, d;,dy,d3,d,,
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R | P A e R 5 e R 2 ]
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— R AET ], RN REORIE — E B AE 4k B 4
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LN b BEE PR RE AL SR 24, RAE
K FREOLAL SRR T v Bk AR A %k 500, 2% ) A+
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BT LIk T —RIfbgs 5 1538 T E b S5
rAd BEE, E L H Ry d EdiE T OB 1 PSO
BRI REEWE d EPER 15.274 2 S8 H AR
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R GG 1S PR AR 2 AT LR . R T A X
FREGR T, SCPHE ZEBASE ) 5 F 8 R SRR
KFRGE Z, MiiH PSO BILMR RN 5 RGN
RGP,

FKAFNHT RGP H5R2% Z 9Bk | WA K%
HONRPITURN, RGP MEREBRILRAZ ZH
BRI, RGP RYAHXT G AR Z8 4 L R S8 Z (A X
BN REE 1 L BAREAR 22 0.006 9%, JiT A3k 22
FIET AR TR UL, RAE P IR T RS Z,

x4 BNFHEZLITNS FERSES ZEBASE H 5 FEERSMIkE RIGEERTLL
Tab.4 Comparison of spherical aberrations and image distance generated in five-lens system
designed with PSO and five-lens system from ZEBASE

P 1.0 0.85 0.707 1 0.5 0.3 I’
Lo’ (2) -0.1387 -0.1877 -0.1749 -0.1101 -0.0443 55.092 6
Lo’ (P) -0.104 6 -0.0515 -0.036 4 -0.0228 -0.0097 55.044 8
q'(%)(2) -2.37 -1.71 -1.18 -0.59 -0.21
q' (%)(P) -2.30 -1.66 -1.14 -0.57 -0.21
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@, ISR AL B(X)= D, GAF, KA IR

SRR/, B g=1, A, R Z 1) &(X)=0.0129,
R4 P Y O(X)=0.1526, 2% Zh TR % P,

K6 RAGP HRS Z MK L KRHEUE, U
& oy M &z, TR ENKRGEN &y H, R4 P
TR Z, M0, X TREERGIELN oy H, RS
ZIMTRE P, MTEFCLKIER &' Kl [,
RGEPILT RS Z, M TIEAEZNEN &', 745
ZIRTREP,
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Tab.5 Comparison of dispersions for meridional rays generated in five-lens system designed with PSO

and five-lens system from ZEBASE

Pl
Ohax
1.0 0.85 0.7071 0.5 0.3 0 -0.3 -0.5 -0.7071 -0.85 -1.0

(2) -0.0125 -0.0327 -0.0334 -0.0231 -0.0118 0 0.0053 0.0044 -0.0031 -0.0120 -0.0143

o (P) 0.0953 0.0460 0.0209 0.0049 0.0004 0 0.0009 0.0044 0.0238 0.0698 0.2109
(2) -0.0119 -0.0290 -0.0288 -0.0190 -0.0092 0 0.0049 0.0065 0.0048 0.0012 0.0022

0.8 P) 0.0821 0.0395 0.0179 0.0042  0.0003 0 0.0018 0.0063 0.0241 0.0620 0.1722
(2) -0.0121 -0.0264 -0.0251 -0.0156 -0.0071 0 0.0042 0.0075 0.0099 0.0100 0.0127

orort P) 0.0691 0.0331 0.0149 0.0035 0.0003 0 0.0020 0.0068 0.0226  0.0534 0.1390
(2) -0.0138 -0.0239 -0.0213 -0.0118 -0.0046 0 0.0032 0.0078 0.0141 0.0176 0.0210

o P) 0.0487 0.0233 0.0104 0.0025 0.0003 0 0.0018 0.0061 0.0182 0.0396 0.0960
(2) -0.0166 -0.0228 -0.0189 -0.0094 -0.0029 0 0.0023 0.0076 0.0160 0.0211 0.0235

o (P) 0.0266 0.0127 0.0054 0.0012 0.0002 0 0.0013 0.0044 0.0125 0.0257 0.0594

R6 AR FREEXZITHS HIERS%S ZEBASE 1 5 HE RSN K S & REUE (D )Xttt
Tab.6 Comparison of dispersions for sagittal rays generated in five-lens system designed with PSO

and five-lens system from ZEBASE

P P
Wrrax e
1.0 0.85 0.7071 0.5 0.3 -0.3 -0.5 -0.7071  -0.85 -1.0

(2) -0.0084 -0.0053 -0.0032 -0.0013 -0.0004 (z) -0.0054 -0.0103 -0.0139 -0.0178 -0.0201
1.0 1.0

(P) 0.0212 0.0192 0.0167 0.0124 0.0076 (P) -0.0013 -0.0049 -0.0074 -0.0100 -0.0115

(2) -0.0072 -0.0047 -0.0030 -0.0015 -0.0006 (Z) -0.0150 -0.0174 -0.0192 -0.0209 -0.0220
0.85 0.85

P) 0.0099 0.0093 0.0083 0.0063 0.0040 (P) 0.0011 -0.0011 -0.0027 -0.0042 -0.0050

(2) -0.0053 -0.0035 -0.0023 -0.0011 -0.0005 (Zz) -0.0147 -0.0157 -0.0163 -0.0169 -0.0171

0.7071 0.707 1

P) 0.0046 0.0046 0.0042 0.0033 0.0021 (P) -0.0001 -0.0013 -0.0021 -0.0028 -0.0031

(2) -0.0029 -0.0019 -0.0012 -0.0006 -0.0003 (z) -0.0088 -0.0086 -0.0084 -0.0081 -0.0079
0.5 0.5

P) 0.0013 0.0015 0.0014 0.0012 0.0008 (P) -0.0012 -0.0015 -0.0016 -0.0016 -0.0015

(2) -0.0013 -0.0008 -0.0005 -0.0002 -0.0001 (z) -0.0035 -0.0032 -0.0028 -0.0024 -0.0021
0.3 0.3

(P) 0.0003 0.0004 0.0004 0.0003 0.0002 (P) -0.0010 -0.0009 -0.0008 -0.0006 -0.0005
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{HAMRAET N GO b RGE Z (97 F il Xt (1
X E KT 0.1 A 194, Thiix 19 ME K Z 8k
TEOCH PRI ER 4 . — b OO Z I 4 R i il &%
TR, AR HAGOG TR 0 1l A3 B fin 3 22 R 1) A
BOCHR R E D IOGR S, i IR IE S 0o 2k
(AR 22 0 1% T E 2
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Tab.7 Comparison of meridional field curvatures
generated in five-lens system designed
with PSO and five-lens system from
ZEBASE(D light)

Ohrax
P
1.0 0.85 0.7071 0.5 0.3

(Z) 0.0065 -0.0502 -0.0888 -0.1248 -0.1437
1.0

(P) -0.4514 -0.3527 -0.2742 -0.1859 -0.1291

(Z) 0.0866 -0.1266 -0.1522 -0.1741 -0.1842
0.85

(P) -0.1096 -0.1039 -0.0934 -0.0752 -0.0600

(Z) -0.1520 -0.1684 -0.1757 -0.1776 -0.1753

0.707 1

(P) -0.0163 -0.0347 -0.0422 -0.0431 -0.0395

(Z) -0.1942 -0.1798 -0.1631 -0.1389 -0.1204
0.5

(P) 0.0038 -0.0163 -0.0253 -0.0279 -0.0254

(Z) -0.2002 -0.1653 -0.1326 -0.0910 -0.0616
0.3

(P) -0.0054 -0.0187 -0.0226 -0.0199 -0.0142

K8EARAP SRS Z WM THE22(0D )X,
RGP 1 25 ME2EET e KA /2 1.0 L. ONpe 20 1
B2 0153 1, MRS Z 96K 20K KHE =
1.0wy0.85h e 201 -0.022 4, TF 25 TR B 2% 1H

REPBRILMENT RS 240, KRR T RS Z,
ARG ZFFEEMEN KA I KE'2 =0.0017, &5 P
FHE 20170 PR Y Kt '2=0.068 4, FTLIN T4
ERE,REPELTARS Z,

*8 AR FREXLITH S FERS% S ZEBASE
H5RBERGMFFEE(D K)XILL
Tab.8 Comparison of meridional comas generated
in five-lens system designed with PSO
and five-lens system from ZEBASE

(D light)
Wrnax
e
1.0 0.85 0.7071 0.5 0.3

10 (Z) -0.0134 -0.0048 0.0003 0.0036 0.0035

(P) 0.1531 0.1272 0.1040 0.0723 0.0430

(Zz) -0.0224 -0.0139 -0.0082 -0.0031 -0.0009

0.85 (P) 0.0579 0.0508 0.0433 0.0314 0.0192

0.7071 (Z) -0.0183 -0.0120 -0.0076 -0.0036 -0.0014
(P) 0.0224 0.0210 0.0188 0.0143 0.0090

05 (Z) -0.0094 -0.0063 -0.0041 -0.0020 -0.0009

(P) 0.0047 0.0052 0.0052 0.0043 0.0028

0.3 (Z) -0.0033 -0.0022 -0.0014 -0.0007 -0.0003

(P) 0.0007 0.0010 0.0012 0.0011 0.0007

KIRRGE P HRSE ZWiKKRGMh (D J6)XF
I, RE Z MFT 5 PF0 sh 2L X Xs'2=0.406 1,
xO RNFREREITHS FIERS%S ZEBASE
5 FERERSGRISN K7 # (D 5)3F Lk
Tab.9 Comparison of sagittal field curvatures

generated in five-lens system designed
with PSO and five-lens system from
ZEBASE(D light)

h Winax

™ 10 08 07071 05 0.3
Lo (@ 0039 -0.0737 -0.0999 -0.1274 ~0.1440
(P) -0.0106 -0.0385 -0.0586 -0.0790 —0.090 7
ops () 01258 -0.1461 -0.1608 -0.1756 -0.1842
(P) 0.0101 -0.0104 -0.0247 -0.0386 -0.046 3
070y (@) 01481 -01577 -0.1639 -0.1602 -01718
(P) -0.0013 -0.0145 -0.0231 -0.0307 -0.0344
Lo (@) -01238 -0.1222 -01196 -0.1151 -0.1113
(P) -0.0184 -0.0230 -0.0247 -0.0247 -0.0236
o, (@) -00820 -0.0746 -0.0665 -0.0561 ~0.0486

(P) -0.0254 -0.0243 -0.0216 -0.0167 -0.0124




2730 oGk A2

% 42 %

R4 P Wi BTN BREL Y Xs'2=0.031 6, &40
PILT RS Z, NERPEFXLATLIEN, RGP
25 MR G X' /N T REG Z 1 25 NIRK
i, IF B PR RS 1.00m~0.3wm 37 HY 0.850m .
0.707 1hpe . 0.5he A1 (4 5K 2K 375 1 AH 25 — A £E 2 P A
B, Wi, XTIk RG, R4 P KRILT
AYZ,
LI0RARGK P H5RS Z A E 2 Ks' (D k)
XFEE o AN 25 NIRRE =X LR T LIRS, R4 P &
T BT AL OGN R B 22 /N T R G Z IR £
2 MGG IEGF M, 258 P 1 25 1R
22 i RKAH 2 1.0wmd .Ohy 40 A9 0.0212, 245 Z 1Y
IR E 2 e KIE N 1.0wmd.Ohyy A8 79 -0.008 4, 5
4t Z WOk 25 22 PP R AL 2 Ks'2=2.599 1x107*, &
gt P iyl R B 22 1 PR e X Ksy'2=0.001 7, M3
gz e I R T LR 1, RE Z 4T
RE P,
* 10 AN FEHEXZITNS RER%S ZEBASE
5 HERFEMIMKE £ (D H)3ttt
Tab.10 Comparison of sagittal comas generated in

five-lens system designed with PSO and
five-lens system from ZEBASE (D light)

Wrax

1.0 0.85 0.7071 0.5 0.3

(Z) -0.0084 -0.0053 -0.0032 -0.0013 -0.0004

1.0

(P) 0.0212 0.0192 0.0167 0.0124 0.0076

(Z) -0.0072 -0.0047 -0.0030 -0.0015 -0.0006
0.85

(P) 0.0099 0.0093 0.0083 0.0063 0.0040

(Z) -0.0053 -0.0035 -0.0023 -0.0011 -0.0005
0.7071

(P) 0.0046 0.0046 0.0042 0.0033 0.0021

(Zz) -0.0029 -0.0019 -0.0012 -0.0006 -0.0003
0.5

(P) 0.0013 0.0015 0.0014 0.0012 0.0008

(Zz) -0.0013 -0.0008 -0.0005 -0.0002 -0.0001
0.3

(P) 0.0003 0.0004 0.0004 0.0003 0.0002
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Fig.1 Optical path layout of five-lens system from ZEBASE and

optical path layout of five-lens system designed with PSO
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Fig.2 Optical path layout of five-lens system from ZEBASE and
optical path layout of five-lens system designed with PSO
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Fig.3 PSO run results for five-lens system
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