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Design of compact high zoom ratio infrared optical system
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Abstract: In order to solve the problems in high zoom ratio lens design, a two-stage-of-series zoom lens
model was proposed based on optics zoom theory. Therefore, differential zoom equations were deduced
and solved to help the lens power assignments, also the cam curve optimization condition and method
were proved. In this model, first stage zoom was achieved by the two-part-zoom front part, and the
given movement pattern of the compensation lens and the second magnified lens determined the second
stage zoom, by which the 100% cooled stop efficiency was assured. Based on this method, a 70x MWIR
zoom lens under the requirements of F/4, focal length 6.5-455 mm, HFOV 0.92°-58.2°, work waveband
3.7-4.8 pm was designed, which only used two kinds of infrared materials, consisted of 10 lenses, total
length 300 mm, had good image quality and tolerance character.
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Fig.1 Schematics of two-stage-of-series zoom lens design model
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Tab.1 Design requirements

Parameter Value
Work wavelength/pm 3.7-4.8
F—number 4

Field of view(FOV)/(°) 0.92x1.2-58.2x73.2

Effective focal length/mm 6.5-455
Distortion =5%
Overall length/mm <300
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Fig.2 Design result and corresponding MTF performance of the compact high zoom ratio MWIR optical system
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Fig.3 Cam curve of large zoom ratio MWIR optical system

INZEBLRANT MBI 3580 220,001, B D14
IS 240.002; fiPRAPEFR N 2£40.02 mm; R O
#+0.02 mm; HRMAZ+1, A5 A2 8 B
Bl BN DN 2£40.02 mm AR 21
IFE AR A M 2 M, AT, 90% LA L A
O AESR 33 Ip/mm AL, A% MTF=0.22, 0
Wi MTF=0.17,, BUA B9 INT R 8 K- 58 45 1)
DL X R SRR ER

3 & it

IIHT RS T L TR SR AN R A R AR O &
GEL B AP ATAERY T R, 7E AL b B aR T —Fp
SR G A AT 24 4 AR AR L I 78 Ol 2 R G S
BTk, IR A 4 OB R L Y 23 e K it ad 7
T4l Jtiz S 2R Y W AL BRAE TaRiR, SRR
ARAE R GRS BRI T — R ik Ae MR BINIE 3

T — BB 2L AR L 7% 2248 f k2 R
G, RARGAUER T RE B PIFRZLAME R, S T 4R
M 6.5~455 mm Rk 70 5 ESE ALY, HiZ
RGERBUNT G5k B E AR B B R AL
G SN 22 R, PSR T UL R WA
SRR IZ N, BT R B 3% 5k AT
TR BRI KA L S o2 R Gkt

SEH .

[1] Ellis T B, James B C, Iain A N, et al. Zoom lens system:
US, 6969188 B2[P]. 2005-07-29.

[2] Neil I A. Optimization glitches in zoom lens design [C]//
SPIE, 1997, 3129: 158-180.

[3] Sinclair R L. High magnification zoom lenses for 3 -5 mm
applications[C]//SPIE, 2004, 3429: 11-18.

[4] Aron Y, Boubis I, Shabit R. T. A novel design of a high
magnification athermalized 1:30 zoom in the MWIR [C]//
SPIE, 2004, 5406: 97—-106.

[5] Hyun Sook Kim, Chang Woo Kim, Seok Min Hong, et al.
Compact mid —wavelength infrared zoom camera with 20:1
zoom range and automatic athermalization [J]. Opt Eng,
2002, 41(7): 1661-1667.

[6] Zhou Hao, Liu Ying, Sun Qiang, et al. MWIR continuous
zoom optical system with magnification of 45[J]. Journal of
Infrared and Millimeter Waves, 2014, 33(1): 68-77.

[7] Wang Haiyang, Li Li, Jin Ning, et al. Design of MWIR
continuous zoom optical systems with large zoom range [J].
Infrared and Laser Engineering, 2013, 42(2): 398-402. (in
Chinese)

[8] Zhang Liang. Optical design for middle infrared zoom system
[J1. Journal of Applied Optics, 2006, 27 (1): 32-34. (in
Chinese)

[9] Tao Chunkan. Zoom Focus Optical System Design [M].
Beijing: National Defense Industry Press, 1988. (in Chinese)

[10] Lee K H. First-order computation for re-imaging IR optical
systems[C]//SPIE , 2003, 5076: 123-129.

[11] Warren J S. Modern Optical Engineering: the Design of
Optical Systems[M]. New York: McGraw—Hill, Inc., 2008.

[12] Kingslake R, Johnson R B. Lens Design Fundamentals [M].
Burlington: Academic Press, 2010.

[13] Joseph M G. Introduction to Lens Design with Practical
ZEMAX Examples[M]. Richmond: Willmann-Bell Inc., 2002.

[14] Wang Zhijiang, Gu Peisen. Practical Optical Technology
Handbook [M]. Beijing: Machinery Industry Press, 2006. (in
Chinese)

[15] Optical Research Associates. Code V Reference Manual [M].
Pasadena: Optical Research Associates, 2009.

1104002-5



