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Analysis and optimization of imaging characteristics of segmented
planar imaging system based on checkerboard sampling lens array
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Abstract: The study simulated imaging characteristics of a segmented planar imaging system. It investigated the influ-
ence of structural parameters on imaging results based on a checkerboard lens sampling array, and provided optimal pa-
rameters for the system. The work innovatively employed hyperspectral images to analyze the impact of interference
spectral width on imaging quality in natural scenes, concluding that the allowable interference bandwidth in practical ap-
plications should not exceed 100 nm. The discussion on the allowable bandwidth and error analysis based on real-world
scenarios offered guidance for developing checkerboard-type imagers. These findings also provided universal insights
applicable to all segmented planar imaging systems.
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Fig. 1 The working principle of the segmented plane interference imaging system
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Table 1 The initial parameters selected in the simula-

tion
Structural parameters Symbol Size
Lens Diameter (mm) D 2
Lens Spacing (mm) B 2
Imaging Distance (km) z 1 000
Operating Central Wavelength (nm) A 1550
Lens Array Size (2N+1l))X(ZN+ 81x81
Total size of imager (mm?) S 162162
Operating Field of View (mrad) FOV 1.5
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(b) spectrum distribution of input image

Input for simulation: (a) input image for simulation;
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Fig. 4 Simulation results: (a) the image reconstruction re-
sults at different imaging distances; (b) the PSNR of the re-

constructed images varying with the imaging distance

WA Y TP AR R G TARBE B RN, 2R gt
— BB AT W AR LR 22T A A5 SR A5 AT RE S
B AR PR 8 AR AR (x s ) (o0 3, ) 2
AR, TAR SRR A2 1Y, KA 200 AR
25 2, 75 PR I AT DAAME — 40X (5) YA A
T A", TS BUAS «

a =) -(aan]f )

5 (a) 55— R 11 e 7 1 U BE 25 20 km £ 4H
PEAMEE R MR E AR . [R5 ) R C
T TS R IGE AR R 2, 0 s AR S 2 A
THE, 45 & B BFO s B AT R4, T LS



332 g hh 5 2 oKk U e 45 %

BUNTARRE R K5 e 7=+
AN 2 B9 RS THE T, AL AMEE T B0 TR R AR
Pl 5(b) 25t 1 H A IR 9 PSNR 5 2 1Al 31 1] 1)
KA, BTG THE LT S PR R 28 2=20 km ]
FEASAME i Y P4 At o e £

m 3
PSNR|

prys =

PSNR/dB
8

o 5 10 15 20 25 30 35 40
Estimated z in Akm

5 km 30 km

5 RIUARIE Y 2 b HELEAT AR AL A 5 21 ) P {5 s 2

e (a)z A B4 9124 20 km . 10 km .5 km F130 km s 4 €]
1% A2 R (b) B RIS 19 PSNR B z 16 {5 4 728 1 it 26
Fig. §
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Image reconstruction results obtained by using differ-
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structed image's PSNR varying with the estimated values of z
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Fig. 6 Simulation results: (a) the image reconstruction re-
sults for different lens array sizes; (b) the PSNR of the recon-

structed images varying with the array size
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the reconstructed images varying with the shortest baseline
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Fig. 11
sizes with an interference bandwidth of 100 nm: (a) 41 x 41;
(b) 81 x 815 (¢) 121 x 121; (d) 161 x 161

The image reconstruction results in different array
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