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Design of underwater large field of view zoom optical system
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Abstract: Under the requirements of an underwater large field of view zoom optical system, the selection of
optical window and its influence on objective lens were discussed, by which the relative distortion and lateral
color induced by the plane window were analyzed and corresponding design methods were given. Regarding the
special envelope and working distance requirements of the underwater optical system, a three-part zoom system
design model and the design method of the corresponding focusing components were provided by introducing
aberration stabilizers in the PNNP structure, dynamic aberration correction capability of the optical structure was
improved, also, the problems of the cam curve breakpoints were avoided; by setting the focus lens group in the
objective parts, close-range imaging through the entire zoom range was guaranteed. A 4 K underwater large field
of view zoom optical system was completed using 3 840x2 160 high-sensitivity CMOS detector, with 0.5 m-inf
working distance, 0.48—0.64 um work waveband, constant F number of up to 2.8 and 5.9°—62° full field of view.
The image quality and tolerance characters are validated by an assembled lens and its underwater imaging
experiments.
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Tab.1 Design requirements

Parameter Value

Work wavelength/um 0.48-0.64
F-number 2.8-32
Diagonal field of view (DFOV)/(°) 62-5.9
Underwater distortion <5%

Focus range 0.5 m-inf
Working depth/m 11 000

Size (Without window)/mm? < p60(D)*x220(L)

Weight/kg <15

2 mitikiE

BEXE B AR, T HTHEK T RGBTy
TRk . A KK B A aE 2

2.1 KTHEFER

WAL 1 iR, 3K R A P R SR A 7K RO B
B XTRI#E, BRI SR A BUE A ES, LmEEke
558 AR O E A I, T B AR T R AR R 6 22
RN T0 b 5 B A — R BUR R £ R G, A 2 Bl
FERR RS R A TS R B, AR LU BRI, AR
Bl K, R 2R, SR THRNME. 54, KT
SRR BEE W L R KRR AR kAR 4k, X
SEHERRTERIE O B A8 £ R 8 i e i A RDYER

TP HROGE S JefE T, B G g w4 5 5o
] BOE = R G728 /NG A 3 68 2 JAH R g
AR, AT a2 RGAR 22 FR AR A
Z AN FEKT TR AS A B, XA R R T AR
i oK R RGO Rt t, A 3ChK R
MG AR5 RGO A B A,

A1 PR EDK T LR B
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Fig.5 Distortion performance of the underwater large FOV zoom optical

system
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Fig.6 Design result of the underwater large FOV zoom optical system and corresponding MTF performance
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Fig.7 Schematic of the cam curve of the underwater zoom optical system

20200468-5



i E ok A2

# 790

www.irla.cn

% 50 %

SR BE, LA, BNEERE K A5 T
Te s, WA T BRI AT ATk

INZEBR A MOBHIT SR A 22 R9+0.001;5 B DALy
2% 7 +0.002; [0 AL/ 25 4 N=3, AN=0.3; R LN 25 °H
+0.02 mm; fii /L2 23 22 H+0.01 mmy R 22 Jy+175 241
AN Z NGRS, BEAE: MOAER
+0.03 mm, A 22 =1 IR £E 58 41 S 1 o7
VERERETAME o 3P0 58 UG R GG L R, 1R
RGN 8 PR . H/NIR 0.5 WL 8 Bfg o B ]
ik 250 Ip/mm, 1 AT 55 B 752K

(a) BEBCHE A K T ARGk

(a) The assembled underwater zoom lens

(b) KLY, Y3 m
(b) Wide FOV with the object distance of 3 m

(c) /M7, P 8 m
(c) Narrow FOV with the object distance of 8 m

Kl 8 HELAE A RGUK T R SR A

Fig.8 Image performance of the zoom optical system underwater

S5HA TR T BHBUR RGN, FIRGERAR
AT RASE KR 4 K Ar BER 0 10 A5 & 208 45, i8]
I B AR FE ST 1080 43 HER T 20 £ A 14 L 7AF i
DIRE, I 0] A RFIE R A K T S A R A B
YHER 76 A o

4 & it

MEET A KT FERGE PN EZARR, 75
IR b, XA R S L= R R A
BOR, 0T 17K GE X R AR R B A S, A
T —Fh = 4ioek o B R S O R ALY
3, IRLA T K TG R G0 R A R 4 1 18 B ik
KK K37 748 £ 7 G0 0 S B4R G T — OB 0 3%
o MENBIRIE, Bt 2 T —F 4 K - BERK TR
WIS N R G . ZRGEAUEH T LR R
SEEL T A 5.9°0~620, 10 5 LA F TSR R RE
RGN R s, TAEME 98, HA BN 2501, Bt
S G2 R G KN BUSBORL B, AT AR K R
W 55 . AR AE SRR ) 2 N o T S A R B
FeW, 2T TR R K N R 28 £k
H RGTT .

S % 3k

[1] Hua Dengxin, Wang Jun. Research progress of ocean laser
remote sensing technology(invited) [J]. Infrared and Laser
Engineering, 2018, 47(9): 0903003. (in Chinese)

[2]  Jin Weiqi, Wang Xia, Cao Fengmei, et al. Review of underwater
opto-electrical imaging technology and equipment (II) [J].
Infrared Technology, 2011, 33(3): 125-132. (in Chinese)

[3] Quan Xianggian, Chen Xiangzi, Quan Yongqian, et al. Analysis
and research progress of deep-sea optical illumination and
imaging system [J]. Chinese Optics, 2018, 11(2): 153-165. (in
Chinese)

[4] Jaffe J S, Moore K D, McLean J, et al. Underwater optical
imaging: status and prospects[J]. Oceanography, 2001, 14(3):
66-76.

[S] Thorndike E M. A wide-angle, underwater camera lens[J].
JOSA, 1950, 40(12): 823-824.

[6] Bin Sen. Optical design of an underwater observation sy-
stem [J]. Laser and Infrared, 1978(6): 19-22, 99. (in Chinese)

[71 Zhai Xuefeng, Dong Xiaona, Wang Gufu, et al. Design of
underwater zoom lens [J]. Journal of Applied Optics, 2007,

20200468-6


https://doi.org/10.3788/IRLA201847.0903003
https://doi.org/10.3788/IRLA201847.0903003
https://doi.org/10.3969/j.issn.1001-8891.2011.03.001
https://doi.org/10.3788/co.20181102.0153
https://doi.org/10.3788/IRLA201847.0903003
https://doi.org/10.3788/IRLA201847.0903003
https://doi.org/10.3969/j.issn.1001-8891.2011.03.001
https://doi.org/10.3788/co.20181102.0153

%74

s Gk A2

www.irla.cn

% 50 A

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

28(4): 416-420. (in Chinese)

Sun Chuandong, Li Chi, Zhang Jianhua, et al. Optical design of
the lens for unerwater imaging system [J]. Optics and Precision
Engineering, 1998, 6(5): 5-11. (in Chinese)

Zhu Caixia, Yan Yadong, Shen Mande, et al. Low-light-level
imaging system for underwater anti-terrorism [J]. Journal of
Applied Optics, 2008, 29(2): 220-224. (in Chinese)

Xie Zhengmao, Dong Xiaona, He Junhua. Design of underwater
low light photographic objective [J]. Journal of Applied Optics,
2009, 30(1): 6-10. (in Chinese)

Xie Zhengmao, Dong Xiaona, Cheng Lianyi, et al. Design for
special underwater photography objective lens with wide angle
and large relative aperture [J]. Acta Photonica Sinica, 2009,
38(4): 891-895. (in Chinese)

Du Ke, Cheng Xuemin, Hao Qun. Design of optical zoom
system for deep-sea detection [J]. Laser & Optoelectronics
Progress, 2013, 50(9): 092201. (in Chinese)

Ma Haikuan, Cao Xuan, Chu Dongzhi, et al. Design of
underwater zoom lens for marine monitoring [J]. Laser &
Optoelectronics Progress, 2017, 54(10): 100101. (in Chinese)
Johnson R B, Mahajan V N, Thibault S, et al. Afocal viewport
optics for underwater imaging [C]//SPIE, 2014, 9192: 91920P.
Jiang Yang, Quan Xianggian, Du Jie, et al. Design of deep-sea
optical imaging system with wide field of view and ultra-high
resolution [J]. Optics and Precision Engineering, 2019, 27(11):
2289-2295. (in Chinese)

Stanley E M. The refractive index of seawater as a function of
temperature, pressure and two wavelengths[J]. Deep Sea
Research and Oceanographic Abstracts, 1971, 18(8): 833-840.
Pegau W S, Gray D, Zaneveld J R. Absorption and attenuation
of visible and near-infrared light in water: Dependence on
temperature and salinity [J]. Applied Optics, 1997, 36(24): 6035-
6046.

Quan X, Fry E S. Empirical equation for the index of refraction

[19]

[20]

(21]

(23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

[31]

20200468-7

of seawater[J]. Applied Optics, 1995, 34(18): 3477-3480.

Sun Chuandong, Chen Liangyi, Gao Limin, ect. Water optical
properties and their effect on underwater imaging [J]. Journal of
Applied Optics, 2000, 21(4): 39-46. (in Chinese)

Menna F, Nocerino E, Fassi F, et al. Geometric and optic
characterization of a hemispherical dome port for underwater
photogrammetry[J]. Sensors, 2016, 16(1): 48.

Menna F, Nocerino E, Remondino F. Optical aberrations in
underwater photogrammetry with flat and hemispherical dome
ports [C]//SPIE, 2017, 10332: 1033205.

Xiong Zhiqi, Deng Guoxin. Applications of glass windows in
underwater optics [J]. Mine Warfare and Ship Self-defence,
2003(1): 33-36. (in Chinese)

Wakimoto Z. On designing underwater camera lenses[J].
Photogrammetric Engineering, 1967, 33(8): 925-936.

Deng Jian, Qu Rui, Huang Jianbing. Several ways to realize
multi-band common aperture optical imaging system [J].
Infrared and Laser Engineering, 2020, 49(6): 20201017. (in
Chinese)

Warren J S. Modern Optical Engineering: The Design of Optical
Systems[M]. NewYork: McGraw-Hill, Inc., 2008.

Qu Rui, Wu Li, Yang Hongtao, et al. A kind of underwater
WFOV zoom lens: CN, 110109237A[P]. 2020-04-03.

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

Dodoc A. Toward the global optimum in zoom lens design
[CY//SPIE, 2012, 8488: 848802.

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

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

Optical Research Associates. Code V Reference Manual[M].

Pasadena: Optical Research Associates, 2009.


https://doi.org/10.3321/j.issn:1004-924X.1998.05.002
https://doi.org/10.3321/j.issn:1004-924X.1998.05.002
https://doi.org/10.3788/OPE.20192711.2289
https://doi.org/10.1364/AO.36.006035
https://doi.org/10.3788/IRLA20201017
https://doi.org/10.3321/j.issn:1004-924X.1998.05.002
https://doi.org/10.3321/j.issn:1004-924X.1998.05.002
https://doi.org/10.3788/OPE.20192711.2289
https://doi.org/10.1364/AO.36.006035
https://doi.org/10.3788/IRLA20201017
https://doi.org/10.3321/j.issn:1004-924X.1998.05.002
https://doi.org/10.3321/j.issn:1004-924X.1998.05.002
https://doi.org/10.3788/OPE.20192711.2289
https://doi.org/10.1364/AO.36.006035
https://doi.org/10.3321/j.issn:1004-924X.1998.05.002
https://doi.org/10.3321/j.issn:1004-924X.1998.05.002
https://doi.org/10.3788/OPE.20192711.2289
https://doi.org/10.1364/AO.36.006035
https://doi.org/10.3788/IRLA20201017
https://doi.org/10.3788/IRLA20201017

	0 引　言
	1 设计指标
	2 设计依据
	2.1 水下光窗选型
	2.2 平板窗口对物镜的影响
	2.3 水下变焦光学系统选型
	2.4 水下光学系统跟调焦件的设计

	3 设计结果及实验验证
	4 结　论

