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Scattering interference suppression for single-pixel imaging

reconstruction of biological tissues

Lu Qiuping, Shi Yan, Dai Shengxin, Chen Yi, Zhao Chunliu, Zhao Tianqi, Jin Shangzhong, Niu Haibin
(College of Optical and Electronic Technology, China Jiliang University, Hangzhou 310000, China)

Abstract: In view of the influence of the scattering medium in the reconstruction of single-pixel imaging, the
reconstructed image cannot achieve the best effect. The applicability of the correlation algorithm and compressed
sensing algorithm for image reconstruction with or without the scattering medium was investigated. The influence
of the spatial structure change of modulated information in the imaging path and the signal loss in detection path
caused by the medium was analyzed, a near-infrared single-pixel imaging system was established, and the single-
pixel imaging of penetrating the biological tissues scattering medium with the CGI algorithm and the TVAL3
algorithm was realized. It was found that the reconstruction time, peak signal-to-noise ratio and SSIM of the
TVAL3 were better than CGI when there was no medium; while two of the three values of the CGI were better
when there was medium, its maximum reconstruction time (0.304 091 s) was smaller than the minimum (1.766 299 s)
of the TVAL3, and its minimum PSNR (9.983 1dB) was higher than the maximum (9.170456 dB) of the TVAL3,
and its SSIM (0.0982,0.117 8) lay within the range of the SSIM of the TVAL3 (0.099258-0.497 622). The results
show that the CGI based on correlation imaging theory is more suitable for imaging scattering media, and the
TVALS3 based on compressed perception theory is more suitable for imaging non-scattering media.
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Fig.2 Reconstructed images under different algorithms. The algorithms

used in (a)-(f) are the traditional second-order correlation
algorithm, the traditional differential correlation algorithm, the
calculated differential correlation algorithm, the random binary
matrix OMP algorithm, the Hadamard matrix OMP algorithm and
the Hadamard matrix TVAL3 algorithm, and the sampling rates

are 0.1,0.3,0.6 and 1.0

0.1 02 03 04 05 06 07 08 09 1.0

Sampling rate

1.0
0.8
= 0.6 | . '.#__,_,4.-__';3_ 1 S _",.(__'F-—:
7 e i
v 04 Vs
02 —
=== 8 a a——
0.1 02 03 04 05 06 07 08 09 1.0
Sampling rate
250
200 + '__,-.,--”/
_a
@2 150 + 5
o
= 100 e
0L .
0 & - : _.; ﬂ—--‘;\ e

0.1 02 03 04 05 06 07 08 09 10

Sampling rate

[ 3 FEARFRAERT WA R EAG L IR TET
Fig.3 Image quality evaluation using different reconstruction algorithms

at different sampling rates (PSNR, SSIM, TIME)
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Tab.1 Key device parameters in the experiment

Key device Parameter

Light source Wave length: 260-2 500 nm

Lens 1 AR COATED 650-1050 nm, /=26 mm
Lens 2 /=100 mm
Infrared filter 800-2500 nm
DMD Operating 350-2700 nm, 1024x768 pixel
Projection lens /=35 mm

Single point detector Operating 800-1750 nm

Focusing lens

Lens 1 LT '
Lens2 o
Infrared filter :
DMD \\

. / Single point detector

.. Projection lens ? Object

Data ’

AR COATED 650-1050 nm, /=60 mm

Focusing lens

Scattering medium
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Fig.4 Layout of active single-pixel imaging system based on DMD.
(a) When there is no scattering medium; (b) When the scattering
medium in detection path; (c) When the scattering medium

inimaging path
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Fig.5 Comparison of the reconstruction effects of the two algorithms

with non-scattering medium. (a) The first image recovered by
CGI, and the last four images are recovered by TVAL3, with a
sampling rate of 0.4-0.7; (b) PSNR and SSIM comparison of

reconstructed image
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PSNR/dB

glass. (a)-(b) Intensity distribution comparison of structured light
with or without scattering medium; (¢) Uniform light passing
through the object and scattering medium; The upper of (c1)-(c2)
is a photo taken directly, and the below is a picture taken from the 7
observation surface; (c3) Uniform light passing through the object
and scattering medium; (d) Uniform light passing through the

object
Fig.7
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