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Design of optical system for 50" zoom security lens

ZHAN Shuo, LI Bo
(School of Physics, Zhejiang University of Technology, Hangzhou 310023, China)

Abstract: To meet the growing demands for high-performance zoom optical lenses in large-area surveillance
and high-definition imaging within the security market, a smooth zoom optical system with a focal length
range of 10mm to 500 mm was designed. The system employed a mechanical positive compensation method,
where optimal initial structural parameters were determined through parameter setting and optimization. A
moving aperture was implemented to maintain a constant F-number throughout the zoom range. Additionally,
aspherical lenses were introduced to effectively correct positional and axial chromatic aberrations, thereby
enhancing imaging performance. The optical system consists of 13 spherical lenses and 2 aspherical lenses,
with a total length of 375.6 mm. The modulation transfer function (MTF) remains above 0.35 at 104 Ip/mm
across the entire zoom range. During the design process, motion curves for the zoom and compensation groups
were plotted, demonstrating smooth, breakpoint-free transitions, which could validate the system's reliability
and stability. Final analysis results indicate that the proposed system meets the practical large-area surveillance
requirements and provides valuable references for the design of high-zoom-ratio optical systems.

Key words: optical design; high zoom ratio; zoom system; mechanical compensation zoom; cam curves
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Table 1 Main technical specifications
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Fig.1 Schematic diagram of two-element positive group

compensating zoom optical system
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Table 2 Initial structural parameters of system
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Fig.2 Zoom system structural schematic
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Fig.3 MTF curves of focal length of zoom lens
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Table 6 Zemax tolerance table

N ZET N
i R 442 /fringe 3
JELFE /mm 0.015
1 {0 /mm 0.01
F AR () 0.017
SHAARHLI B /fringe 0.5
JCHCy/mm 0.01
JCHHTR(°) 0.02
i 0.001
BT DL % 1

AR R G AE WY 104 Ip/mm A1) MTF 43
BB 7 FoR . R 7 AT, 90% rh i £ L3
1) MTFE ¥ KT 0.3, i R EE AR feZ k. (HE,
R AR R G0 2 BUR BB, AU 20% 19
MTF B KT 0.11. 7852 BRm T Ho i 4 48 v 58 A
e WO BE i F i, ARALRE I T2, W RGEAEK
FEwi ) RIS AR E Pk -

R7 EFFEDHT MIF SHER
Table 7 Monte Carlo analysis of MTF distribution

SFREREMT 10mm 70mm 210mm  325mm 500 mm

90% > 03706 0.3334 0.1800 0.0987 0.0506

80% > 0.3912 03609 0.2075 0.1231 0.0571

50%> 04257 04081 0.2576 0.1608 0.0752

20%> 04597 04461 03200 0.2181 0.1131

10%> 04686 04731 03469 02301 0.1878
4 Z5ig

kil 2T B T S 2 AR B A R
B R, A SCRT T — s BB YEE R 10 mm~
500 mm {4 RAG 2R AR R 22 B 45 3k, I A HOG 2 M fig
AT T VR AT Sifb . X RGTIT 50 f5 Lk
AR I UCHD 4.8 um x 4.8 um 1250 R FEEM 2%, Fx
K42 66.7 mm, &K 375.6 mm, 7£ 104 Ip/mm
fb &Mt MTF KF 035, ILAh, Z &R 5 H &R
25 ARl L A 4T 8 A5 R i A A AR A
o Xt 2 B A A Sk 52 R R AR AR )t 1 [
A, R A B X PAME LA FE R RIS 22, I8 2o i3
Tl 15 22 43 BT PP AR 2R GE 16 AN [R] I BE A58 1 U o
o WERCEE SRR, FEM IR E AT, WA
F o KA, DLk — 2D 48 TH &R 48 09 AR e
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