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Wide-angle zoom polarization imaging optical system design for

physical evidence search
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Abstract: Aiming at the difficulty of searching for physical evidence in complex environments by
ordinary unmanned airborne cameras, a method using polarization imaging technology was proposed to
conduct physical evidence detection and search. In order to ensure search efficiency and work under low
illumination conditions, a large field-of-view and large relative aperture two-speed zoom polarization
imaging optical system was designed. The system had a focal length of 11 mm and 22 mm, the F-
number of 1.8 and 2.7, an angle of view of 60° and 34°, and a reasonable focusing method was given,
which can achieve clear imaging at 3 m and 10 m flying height. After simulation analysis, the design
results show that the modulation transfers function (MTF) of short focus and long focus is better than 0.45
at 91 Ip/mm, and the imaging quality is better. Tolerance analysis shows that tolerances are well designed
to meet imaging quality. The system is integrated with the micro-polarizer array detector and equipped
with a drone platform, which can perform real-time and efficient physical evidence search on the crime
scene in a complex environment, and greatly enhance the ability of cases to crack.
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Fig.1 Basic structure of the system
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Fig.3 Four phase shifting interferograms of the original image
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Tab.1 Parameters of optical system

Parameters Value
Wavelength/nm 486-656
Zoom range/mm 11/22

Full field of view/(°) 60/34

F—number 1.8/2.7

Back focal length/mm >10
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Tab.2 Defocus value of different object distances

Short focus defocus Long focus defocus

Object distance/m

/mm /mm
3 0.020 0.106
4 0.013 0.068
5 0.008 6 0.045
6 0.005 7 0.030
7 0.003 7 0.020
8 0.002 2 0.011
9 0 0.005 2
10 0 0
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Fig.9 Zoom group adjustment focal curve
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Tab.3 Lens tolerance range

Type Value
TFRN(fringe) 2
TIRR (fringe) 0.2

TTHI/mm 0.02
TEDX/TEDY/mm 0.01
TETX/TETY/arc min 1
TIND 0.000 5
TABB 0.5%
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Tab.4 Monte Carlo sampling calculation results

Cumulative Edge field of view  Edge field of view
probability MTF at short focus ~ MTF at long focus
>98% 0.361 572 30 0.332 803 07
>90% 0.433 213 59 0.368 550 75
>80% 0.455 044 85 0.390 59498
>50% 0.476 762 47 0.434 217 74
>20% 0.493 266 34 0.463 328 81
>10% 0.498 449 85 0.474. 254 01
>2% 0.506 908 79 0.488 747 77
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Fig.11 MTF curves of 100 Monte Carlo sampling calculations
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