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Fig. 1. Experimental scene, the laser scans the intermediate
surface through the galvanometer, and the detector re-
ceives direct light reflected from the intermediate surface

and indirect light from a hidden object.
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Fig. 2. Spectrum |G (u,v,w)| of the transient image at
w = 50.
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Fig. 3. A line |G(u,0,50)| through the origin in the spec-

tral magnitude |G(u,v,w)]|.
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Fig. 5. Spectrum |G (u,v,w)| of the transient image at
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Fig. 6. A line |G(0,0,w)| through the origin in the spec-

tral magnitude |G(u,v,w)].

100 200 300 400 500
w

[FIEEXT KB T4l
R 2n N 2(1-n)
K= ‘H(O,O,wMH)‘ : [ngv( H(0,0,w)”
=R 2
- | 000 )

Hrirwe Wr = [0, wr].

A3 et FH 25 (R 4 B b 0 i P R B[] 44 1
AR 3 A T 1 KA AR K Y 25 57, A SCiE
et B ) 4 B2 1= B 4503 1 |G 0, 0, w) | X KB 34T
it

BEXT I TG AR 4 i AR ISR (R ), et
TR Y A 0 8 i BN K AEHEA AR T IR 8
HEMPERINT:

014210-4


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 £ 3R Acta Phys. Sin. Vol. 72, No. 1 (2023) 014210

1) 7E AR AR R e, Al A0 25 4
PRBESE B g,y 1);

2) X Zeat AR A ) IR A KIS g B AT (R H
ARIRAF R G (u, v, w);

3) P Z In |G(0,0, w)|, FEAT i 21
1533 G (w);

4) M34E (11) GHEH wmn

5) 45 (12) 5 KAE;

6) fo FH 24 4 8 I8 B3 0k e 2 MR I 3B ROtk
A7 8 B S AR B AR R s

7) Fe AT (4) 245 B BRE ) AR 2R A Y R
=y

4 L RERDHN

RIS e R 7 B, AR AR,
BRGEAL T OGP 1530 nm B EOG K
ki SE R 70 ps, EEEMIAEN 40 MHz, V315
R 750 mW. SR FH IHRIN 28 A 8 90 K 4R T4
MZRSE (SNSPD), HARMBCRLZ) N 70%. i 533
#% (Thorlabs CCM1-BS015 /M) 5 45 1l Y B F1 4%

o7 SRR (a) TR SLER S B A Y S AR A 1R
%t (b) ARG R 5t

Fig. 7. Experimental scene: (a) The confocal non-horizontal
imaging scene built in the laboratory; (b) demonstrates the

confocal non-horizontal imaging system.
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Fig. 8. Hidden scene: (a) T-shaped cardboard; (b) puppet
model with arms down; (c¢) house-shaped cardboard; (d) C-

shaped cardboard; (e) puppet model with arms up.
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Fig. 9. T-shaped cardboard and reconstruction results of NLOS imaging based on mid-frequency Wiener filtering.
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0.1, 1, 10, 100, 1000 #4174k 248 i 52 B B 45 5 (h) T T 40 FE T o S0 36k 114 248 4 0% I8 3 9 465 2%, A 11 Kk 2.8678

Fig. 10. Comparison between the reconstruction results of traditional Wiener filtering and the reconstruction results based on Wien-

er filtering in the mid-frequency domain: (a)—(f) The results of Wiener filtering reconstruction with K as 0.01, 0.1, 1, 10, 100, and
1000 for T-shaped cardboard respectively; (h) the reconstruction result of T-shaped cardboard using the NLOS imaging algorithm
based on Wiener filtering of mid-frequency domain, and the estimated K is 2.8678.
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Fig. 11. Puppet model with arms down and reconstruction results of NLOS imaging based on mid-frequency Wiener filtering.
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1, 10, 100, 1000 47 2 44 & I 52 JAL 00 285 55 5 (h) N AHASE A8 S 4 5t 35 1 rh Bt i) 4 200 08 D s g i 45 21, Al iR 9 KR 1.2353

Fig. 12. Comparison between the reconstruction results of traditional Wiener filtering and the reconstruction results based on Wien-

er filtering in the mid-frequency domain: (a)—(f) The results of Wiener filtering reconstruction with K as 0.01, 0.1, 1, 10, 100, and
1000 for puppet model with arms down respectively; (h) the reconstruction result of puppet model with arms down using the NLOS
imaging algorithm based on Wiener filtering of mid-frequency domain, and the estimated K is 1.2353.
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Fig. 13. House-shaped cardboard and reconstruction results of NLOS imaging based on mid-frequency Wiener filtering.
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Fig. 14. Comparison between the reconstruction results of traditional Wiener filtering and the reconstruction results based on Wien-
er filtering in the mid-frequency domain: (a)—(f) The results of Wiener filtering reconstruction with K as 0.01, 0.1, 1, 10, 100, and
1000 for House-shaped cardboard respectively; (h) the reconstruction result of house-shaped cardboard using the NLOS imaging al-

gorithm based on Wiener filtering of mid-frequency domain, and the estimated K is 3.6711.
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Fig. 15. C- shaped cardboard and reconstruction results of NLOS imaging based on mid-frequency Wiener filtering.
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Fig. 16. Comparison between the reconstruction results of traditional Wiener filtering and the reconstruction results based on Wien-
er filtering in the mid-frequency domain: (a)—(f) The results of Wiener filtering reconstruction with K as 0.01, 0.1, 1, 10, 100, and
1000 for C-shaped cardboard respectively; (h) the reconstruction result of C- shaped cardboard using the NLOS imaging algorithm

based on Wiener filtering of mid-frequency domain, and the estimated K is 0.8096.
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Fig. 17. Puppet model with arms up and reconstruction results of NLOS imaging based on mid-frequency Wiener filtering.
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Fig. 18. Comparison between the reconstruction results of traditional Wiener filtering and the reconstruction results based on Wien-
er filtering in the mid-frequency domain: (a)—(f) The results of Wiener filtering reconstruction with K as 0.01, 0.1, 1, 10, 100, and
1000 for puppet model with arms up respectively; (h) the reconstruction result of puppet model with arms up using the NLOS ima-
ging algorithm based on Wiener filtering of mid-frequency domain, and the estimated K is 1.5939.
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Fig. 19. Comprehensive quality evaluation of reconstructed images, the blue line is the comprehensive quality evaluation value of
the reconstructed image obtained by setting different K, and the red circle is the comprehensive quality evaluation value of the re-
constructed image based on the Wiener filter in the intermediate frequency domain: (a) The E,, of T-shaped cardboard, (b) the
E,, of puppet model with arms down, (c) the E,, of house-shaped cardboard, (d) the E,, of C-shaped cardboard, (e) the E,, of

puppet model with arms up.
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Non-line-of-sight imaging algorithm based on
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Abstract

Non-line-of-sight (NLOS) imaging is an emerging technology for optically imaging the objects blocked
beyond the detector's line of sight. The NLOS imaging based on light-cone transform and inverted method can
be regarded as a deconvolution process. The traditional Wiener filtering deconvolution method uses the
empirical values or the repeated attempts to obtain the power spectral density noise-to-signal ratio (PSDNSR)
of the transient image: each hidden scene has a different PSDNSR for NLOS imaging, so the prior estimation is
not appropriate and repeated attempts make it difficult to quickly find the optimal value. Therefore, in this
work proposed is a method of estimating the PSDNSR by using the mid-frequency information of captured
transient images for Wiener filtering to achieve NLOS imaging. In this method, the turning points between the
mid-frequency domain and the high-frequency domain of the transient image amplitude spectrum are
determined, and then the PSDNSR value is solved by analyzing the characteristics and relationship among the
noise power spectra at the low, middle and high frequency. Experiments show that the PSDNSR estimated by
NLOS imaging algorithm based on Wiener filtering of mid-frequency domain has a better reconstruction effect.
Compared with other methods, the algorithm in this work can directly estimate PSDNSR in one step, without
iterative operations, and the computational complexity is low, therebysimplifying the parameter adjustment
steps of the Wiener filtering deconvolution NLOS imaging algorithm based on light-cone transform. Therefore

the reconstruction efficiency can be improved on the premise of ensuring the reconstruction effect.
Keywords: non-line-of-sight imaging, light-cone transform, deconvolution, mid-frequency
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