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Design of underwater bionic polarization imaging optical system
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Abstract: Under the influence of the optical properties of water, in order to detect underwater
targets in real time, by studying the principle of visual polarization imaging of mantis shrimp,
mimicking its unique compound eye structure, and using the amplitude and aperture-based
segmentation techniques, a new underwater real-time polarization imaging system was designed.
The combination of a four-channel array structure and a two-channel array enabled the real-time
imaging of underwater targets using circular polarization and linear polarization techniques. The
design of the system was realized by ZEMAX software, and the focal length is 35 mm, the F
number is 4, the working wavelength is 436 nm~656 nm, and the half angle of view is +2. 5",
The designed results indicates that MTF> 0. 7(@ 60 lp/mm) , system dispersed spot <9 pum,
distortion is less than 0. 5%, which can meet the target requirements.
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Fig. 1 Compound eye of mantis shrimp
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Fig. 2 Structure diagram of system
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Fig. 3 Optical parameters
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Table 1 Parameters of optical system
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Table 2 Common aperture group structure parameters

i} g /mm o JREE/mm Ei g
1 255.7 5.0 H-ZK9
2 —68.8 2.0

3 —87.1 2.8 F4

4 243.9 16.6

5 61.7 4.6 H-ZK9
6 —76.8 1.6

7 —30.1 2.6 ZF2
8 —663. 2 1.0

9 47.3 6.0 H-ZK9
10 —52.0 2.0

x3 FILRAFHUSH

Table 3 Subaperture group structure parameters

i} 4% /mm J& JEE /mm i3]

1 9.5 1.6 H-ZK9
2 15.8 0.6

3 9.3 1.3 H-ZF4
4 6.6 18.7
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Fig. 5 Single channel structure of system
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Table 4 Spot size of each channel point

0y 0.5y 0.7HY 0.9%Y 1.0y

LB : ; ; ; ;
0 1.25 1.75 2.25 2.5

0° 2 i i i 1 RMS 42 3. 406 3.298 3.218 3.299 3. 496
GEO 242 5.849  6.947 4 6.558 7.838 8.783
A45°4% fm P 3 1E RMS 42 3.321 3.043 3. 301 3.622 3. 646
GEO 42 6.736 6.607 6.752 7.258 7.685
90" £ ffs HI% 38 1 RMS 242 3.302 3. 442 3.531 3. 831 3. 886
GEO 42 6.736 6.701 6.547 7.701 8. 547
135°4% f % i i RMS 42 3.167 3. 887 3.591 3. 337 3. 298
GEO 2[4z 6. 360 6.063 7.321 7.603 7.833
[53] i i 388 T RMS (12 3.592 3. 625 3. 481 3.507 3. 681
GEO 242 6.544 6.651 7.262 8.015 8. 481
V- M B 3 3 JE RMS 242 3. 469 3.566 3. 608 3.796 3.582
GEO 242 6. 467 6.633 7.177 7. 844 8. 246
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Table 6 Tolerance analysis result
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