RS BEFFHRE

50,092201(2013) Laser & Optoelectronics Progress ©2013 (P EBEYREH

ORI TR N A A2 R Gy v

tof EER A OB
(| WERERABSER, [ R 51505
CUHET AR B LA 100081

v
s

FE N TR TR BT KX ALE KT T AR ARG MWK T AR R G008 R
J AT TOEoE . SR AMUR A £ 07 L 8 TR IR ST 8.8 mm X 6. 6 mm, A8 M5 Lol 2 X AR FEO2 RgE . A%
R PR R G LR PR R RS A LR 1/1. 4, AR R A 3l 66° K R NG B LB O 36° A7 S AR I
JEH 5. 9~11.8 mm, ZHERGM T — @ B AEIRIm, R BN 245 mm, JK % % H R T8 B5E 20K 6 . ik &
e . 7R £ P MK AL E S A 42 Ip/mm AL RH AL 10 Mg Mk G 3 mRAUE ¥ K+ 0.6, 53
HNR G AR FE A B I KW AS /N T 500, S R A5 M B RS IR B R AT, 0T DA AR SRR R I T

KR OLFBIT; KTOR¥ RS BERS: KWK

hE S %S TH74; TBSS XERERIRED A doi: 10.3788/LOP50.092201

Design of Optical Zoom System for Deep-Sea Detection
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Abstract In order to meet the requirements of deep-sea detection, an underwater optical zoom system with large
relative aperture is designed. Characteristics and design principles of underwater zoom system are analyzed. The
optical system is a mechanically compensated zoom system; its image size is 8.8 mm X 6.6 mm with zoom ratio of
2X . Its F-number is kept constant at 1.4 during zooming process. In its short focal length mode, its field-of-view
(FOV) is 66°, while its FOV in long focal length mode is 36° and its effective focal length ranges from 5.9 mm to
11.8 mm. The zoom system employs one high-order aspheric surface and its overall length is 245 mm. The water-air
interface of the zoom system is the concentric lens which is able to withstand high static pressure. For short, middle
and long focal length positions, the modulation transfer function (MTF) of the system is always larger than 0.6 for
in-axis field and 1. 0 field at the spatial frequency of 42 lp/mm. Moreover, the maximum distortion for all zoom
positions in the whole FOV is less than 5% . With compact design and high image quality, the zoom system can meet
the requirements of practical application.
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Fig. 1 Gaussian model of underwater zoom system
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Table 1 Solutions of the initial structure of four groups

Radius /mm Thickness /mm Glass
49. 480 13. 000 Silica
Front fixed group 56. 450 o- 001
47. 800 8. 000 HK2
31.119
—83.965 10. 922 HK2
25.142" 5.970
Compansated group 163. 252 5. 500 HLAF3B
33. 364 16. 000 ZE52
—116. 250 —
104. 942 19. 359 HZK4
—38.672 5.501 ZF6
Zoom group —139.635 0. 500
Infinity 8. 187 HK?7
—72.348
—21.093 5. 300 ZF11
153. 873 6.077 HLAKS52
—29.779 0.100
Rear fixed group 45,851 5.500 HLAKS52
—319. 798 23.436
16. 083 9.950 HZILAF1
21.929

* Aspheric coefficients, K=—0.764,A=—0.870X10 °,B=C=D=0
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Fig. 3 Optical layout of zoom system. (a) Short effective focal length (EFL); (b) middle EFL; (c) long EFL
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Table 2 Spot diagram RMS diameter

Field 0 0.7 10
RMS diameter for short EFL /pm 6.211 8.196 10. 275
RMS diameter for middle EFL /pm 5.178 7.883 8.432
RMS diameter for long EFL /pm 9.163 7.175 10. 753
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Fig. 5 Longitudinal spherical aberration, field curves and distortion. (a) Short EFL; (b) middle EFL; (¢) long EFL
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