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Design of 20 mm~200 mm zoom objective lens for polarization imaging system

CHEN Xin"?, ZHEN Shenglai'’, FANG Jian'?, TAO Shanjing"?, YU Benli"’
(1. Information Materials and Intelligent Sensing Laboratory of Anhui Province, Anhui University, Hefei 230601,
China; 2. Key Laboratory of Opto-electronic Information Acquisition and Manipulation
(Ministry of Education), Anhui University, Hefei 230601, China)

Abstract: The zoom objective lens is an important part of the polarization imaging system. At present, the
zoom objective lens on the market is relatively expensive due to the use of more aspheric surfaces. In order to
reduce the processing cost of the polarization imaging system zoom objective lens, a 20 mm~200 mm zoom
objective lens for polarization imaging system was designed. By using positive group compensation method
and Zemax to optimize the zoom system, the final system used only 7 spherical lenses to achieve good image
quality. The modulation transfer function (MTF) is greater than 0.3 at 120 lp/mm, the distortion is less than
4%, and the cam curve of the system is smooth without breakpoints. The system tolerance analysis results
show that the tolerance range is set as follows: the aperture tolerance of the lens surface is 2, the thickness
tolerance of the lens or air center is £0.02 mm, the inclination tolerance of the lens surface center is £0.025°,
the lens assembly and adjustment tolerance is + 0.025 mm, and the lens refractive index deviation is 0.002. The
tolerance setting conforms to the component processing and system assembly and adjustment process, which
has a certain reference value to reduce the cost of polarization imaging system.

Key words: polarization imaging system; zoom objective lens; positive compensation; spherical lens; low cost
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Table 1 Parameters and indexes of system design
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Fig. 1 Four-component mechanical compensation zoom
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Table 2 Normalized Gaussian solution

92 A di2 dx3 d3y

0.0 0.000 2.9 0.600 1.362
0.2 0.192 2.7 0.992 1.169
0.4 0.333 2.5 1.333 1.029
0.6 0.439 2.3 1.639 0.922
0.8 0.525 2.1 1.925 0.837
1.0 0.594 1.9 2.194 0.768
1.2 0.652 1.7 2.452 0.710
1.4 0.700 1.5 2.700 0.662
1.6 0.742 1.3 2.942 0.620
1.8 0.778 1.1 3.176 0.584
2.0 0.809 0.9 3.409 0.553
2.2 0.837 0.7 3.637 0.525
2.4 0.862 0.5 3.862 0.500
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Table 3 Entrance pupil diameter and field of view of four

configurations
A /mm
S8
' 20 33 66 200
M E A% /mm 6.06 10 20 60

Wi1/(0) 0 0 0 0
Wi72/(°) 6.030 3.672 1.840 0.608
M373/(°) 8.530 5.194 2.602 0.860

XA FE R GG M AT AL . SR ZEMAX
AT BRIAPEY BREL, W CONF fil EFFL 2 1F 4%
il 45 A~ 4L 25 W AT SRR I, TS I DIMX #5248 g ol
A USRS /NT 4%, A TIN5
BRAL, WAy PR — R B BT A, R AR E)
152K, AT AR 4l 8 7 R B LR 5% i) 3R A% 25 B
KT, B WG I B AT R A Ak, T B 2
B R, Ptk B R m A Bk, FIFH TOTR



NG 2022,43(5) BR O #E, % TRIERIR RS0 20 mm~200 mm A P BT . 849

BAPBER SN AE T RE LK, MHMSE. &
LARAREERANTEL 3 Fros

(b) /=33 mm

(c) /<66 mm

(d) /<200 mm
3 BERZFEME

Fig. 3 Structure diagram of zoom system
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Table 4 Lens data of long focal structure
EIE i iR 248/ mm JEFE /mm B2
bRk 157.874 10.002 H-ZLAF89L
FrifEBR 614.992 10.002 H-BAKS5
FroEBR 452.332 116.000 /
FrifEBR 27.489 10.008 H-ZLAF92
FrEBR 21.408 10.000 /
FrifEBR —80.844 4.000 H-ZLAF90
BroEBR 64.604 24.000 /
bRk 128.747 4.399 H-ZLAF92
FroEBR ~557.383 5.000 /
FrifEBR 85.890 4593 H-ZLAF92
FrEBR 1474.072 52.468 /
FrifEBR -28.113 10.005 D-ZK3
BroEBR -35.119 5.356 /
FrifEBR 60.832 10.006 H-BAK3
FrifeBkim -157.675 22.904 /

W A% 3 bR AL (MTF) J2& 06 2% R 48 0918 P
PRz —U%, AR 5 R 48 MTF 4R A&l 4 s . i
El 4] IEH, & HATE 120 Ipomm ™ 4 MTF {F
BIRT 0.3, W LR AR K .

ARG ANHEZT 093 h A A8 an s 5 s o
HE ST EH, RERAAEZ MY /NT 0.1 mm,

HROR M AEBI/INT 4%, Bl AR SR R SR 2K o

1.0

Tsﬁgﬂg%\iﬁ) TS 8.5300 (deg)
Cf
| ‘l |18 6.0300 (deg) |

09}
08}
0.7}
0.6}

& 05+

=
04t
03}
02t
o1t

0
0

1.0

12 24 36 48 60 72 84 96 108 120

25 [/ (Ip mm ™)
(a) /<20 mm

TSﬁr%»H&FE) TS 5.1940 (deg)
TS 0 (deg
| ‘”TS 3.6720 (deg) ||

i

09}
08}
07}
0.6}

Eosl

=
04}
03}
02}
01}

0
0

1.0

1.2 2.4 3.6 4‘8 6‘0 72 84 96 108 120

23 [ 45256 /(Ip-mm™)
(b) /33 mm

TS_;_«SI%T(*? ISté) TS 2.6020 (deg)
IC}
| “ |Ts 18500 (deg) |

09}
08}
0.7}
0.6}
Eosl
=
04}
03}
02l
01l

0
0

12 24 36 48 60 72 84 96 108 120

23 [ 4% /(Ip-mm ™)
(c) /<66 mm

TsTﬁS?%*r(’f)}liﬂ TS 0.8600 (deg)
85480 |

10
09}
08}
07}
0.6}

Eos|

=
04}
03l
02l
01l

0

0

24 36 48 60 72 84 96 108 120
23 [ /(Ip-mm ™)
(d) =200 mm

4 Z% MTF gk

Fig. 4 MTF curves of system
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Table S Tolerance analysis results
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0.348
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0.391
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0.420

0.347
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