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Abstract

To address the problem of the portable skin detector lens being unable to achieve clear focus within
a certain distance range, it is proposed to introduce wavefront coding technology into the optical
system of the skin detection device to extend the depth of field. Firstly, a compact portable skin
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detector lens is designed using the Code V software based on relevant system parameters to ensure
good imaging quality at the focal plane. Then, by combining the PSF and MTF of the system, the eval-
uation functions, and restriction conditions for optimizing the phase plate parameters are set. The
Code V software and Python’s COM component interface are used for data exchange, and a genetic
algorithm is implemented in Python to iteratively optimize the surface parameters of the phase
plate, selecting the optimal phase modulation coefficients. At the same time, an integrated wave-
front coding system is introduced to integrate the phase modulation parameters onto the surface of
a certain optical element in the original system. This eliminates the need to reserve space for the
phase plate, making the entire optical system more flexible and compact. Finally, in the simulation
experiment, the Lucy Richardson algorithm is used to restore the blurred intermediate image to
test the performance of the system in depth extension. The simulation results show that compared
with the original system, the depth of field of the wavefront coding system increases by at least 28
times, and the peak signal-to-noise ratio of the restored image can reach up to 28.38 dB.
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Figure 1. Schematic diagram of wavefront coding imaging system
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Table 1. Design indicators of portable skin detection lens
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Parameters Values
Wavelengths 486~656 nm
Object distance range 350~850 mm
F-number 2.2
Focal length 14 mm
Field of view 30°
Total length 26 mm
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Figure 2. Structure diagram of portable skin detector lens
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Figure 3. Image quality evaluation diagrams of the optical system: (a) MTF curves diagram; (b) Field curves and distortion

diagram
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Figure 4. MTF curves of optical systems at different defocus distances
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Figure 5. Process diagram of phase plate parameter optimization based on Code V and Python interface
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Figure 6. Cubic phase plate contour plot
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Figure 7. The defocusing consistency evaluation diagrams of the wavefront coding system: (a) Out of focus MTF curves diagrams;
(b) Out of focus PSF diagrams
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