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Design of underwater zoom lens

ZHAT Xue-feng'?, DONG Xiao-na', WANG Guo-fu', CHEN Liang-yi'
(1. Xi'an Institute Optics and Precision Mechanics of CAS, Xi'an 710068, China;
2. Graduate School of the Chinese Academy of Sciences, Beijing 100039, China)

Abstract: Based on the analysis for propagation characteristics of the light traveling in water,
several essential factors in underwater photography, such as energy attenuation, field loss and
water proof, are discussed. The regularity of image quality degradation due to defocus was
analyzed when ordinary cameras installed with water proof windows were used under water. To
achieve high quality images in deep water exploration, the design concept of the underwater
zoom lens is proposed based on the focal power division formula, and an example is given for
further explanation of the design consideration. The relative aperture of the zoom lens is F/1. 6
in this design. The image quality of the zoom lens is improved, and the maximum FOV vignette
is avoided.
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Fig. 4 The Cooke lens system with the addition of water-isolated porthole and its degrading image quality
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Table 1 Specifications of underwater lens 2
. o 2 b b
Items Requirements
Focal length 20 mm °
. . . ] 0. 532 pm,
Mechanical constraints Optical: total length less than 120 mm
’ b
14. 1 mm X 11. 3 mm, 1280 X 1024 pixel
Image sensor . s
array ,pixels span 10. 8 pm for average
F-number 1.6 °
. . _ , K9 ,
Field of view +15° to edges
. ) i : K9 1.516 3, 64.12,
Micro ratio variable, object 300 mm to
Focus o s s
infinity
Distortion Less than+2% ’ ’
’ ’
) MTE>0. 3 at 30 lp for central field;
Image quality ) o
MTF>0. 25 at 30 lp for edge field
’
Spectral bandwidths ~ Visible, 0.532 pm for central 5
b
b b o
, F/1.6, CCD 80 mm (
10.8 pm, ’ ’
CCD 2~4 1 s ) 17 mm,
F , 4 ) 5 mm, 48 mm (43+5=

1000/(10. 8 X 4)=23. 2 lp/mm 48, ) .
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Fig 10 Distortion of the underwater lens
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