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Abstract Light passing through scattering medium will be scattered and result in a random speckle pattern on the
focal plane of an imaging system. So we cannot directly observe the spatial and multi-spectral information of an
object behind the scattering medium. Optical memory effect based speckle correlation imaging can realize the
reconstruction of the object passing through the scattering medium. However, the previous research mainly focuses
on the reconstruction of images at a single wavelength, and the spectral information of targets is easily dropped
during the imaging process. In this paper, a multi-spectral scattering imaging method using snapshot micro-filter
array multi-spectral detectors is proposed, and the imaging results of objects passing through the scattering medium
under the wide-spectrum xenon light source illumination are obtained experimentally. A method of multi-spectral
information reconstruction for objects passing through the scattering medium based on optical memory effect is
proposed, and the detection imaging of multispectral information hidden behind the scattering medium is realized.
Since the multi-spectral detectors provide low imaging quality, an image pre-processing method is proposed based on
the autocorrelation to improve multispectral imaging quality of penetrating scattering media.
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Fig. 1 Schematic of imaging of light passing through scattering media based on speckle correlation
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Fig. 3 Experimental setup for multi-spectral imaging based on optical memory effect
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Fig. 4 Scattering imaging experiment using xenon lamp. (a) Diagram of experimental light path;

(b) speckle pattern captured by multi-spectral detector; (c) speckle pattern of each band
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Fig. 5 Results of imaging experiment based on xenon light source. (a)—(f) Speckle pattern of each band;

.

(g)—(l) autocorrelation images; (m)—(r) power spectra; (s)—(x) reconstructed images of object (image is doubled in size)
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Fig. 7 Simulation results. (a) Speckle pattern; (b) spectrum of Fig. 7(a); (c) autocorrelation of Fig. 7(a);

(d) superimposed meshes of speckle pattern; (e) spectrum of Fig. 7(d); (f) autocorrelation of Fig. 7(d)
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Fig. 8 Experimental setup for single-frame speckle imaging based on optical memory effect
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Fig. 10 Comparison of 3D images of light intensity distributions before and after noise removal by

autocorrelation preprocessing. (a) Before noise removal; (b) after noise removal

0611002-7



vy i FL A AR AR AR /DN

P 3 A B 753 1A 5 F 8 25 U5 B S e K
P BEAT AL B 255 AR 7 38 JEUSRVE N A BR S B9 A A G
PR B A 730 )5, SE R 25 R P 11 fros . Al LA
L ARG 2 WAL B , oo )+ RS AR DL
B, HEARRY AADCAE B R TR . I 11(s) ~
GO FT7R BRI Y E b PRLAR A T 5 I 7 ) I 4 25 Bk

I I III

488.05 mm (16) 522.69 nm (14) ;

(m) (n) (0)
_

-
(s) () (w)
-y Y
; 4
.-

- H 425 E6HI/2022 F£3 B/REER
HE#RG SR 7ie. HEdmEykdlfs
TE— SR, FETE R AR MR 75 1% [m) A e ] R X A 281
ELEAT Ab 3, Ak 3 O AR AR T R AR M RS Y R B
W J B T G i 4 e A R DR A S A
AH G R 30 25 88 43 19 % b B2 AT L A 348 4 Be 13 K
MG H AR G AR R B R IE BC LI 10 Co) 1y ]
B ERERPORA WA 5() 47,

561.31 nm (7) 641.97 nm (1)

®

B 11T ST 6 IR BB R = AR A RLEE 1% L A A S G kAT WAL FRS BIr 3R A5 10 6 AN [a) I8 B ) S 86 1% 45
() ~ (DA [F) i B BEBE ] 5 (@) ~ (D B EME s (m) ~ (D AERIE; (o)~ (o HirE @K% (HFRREG K 2 %)

Fig. 11 Experimental imaging results of 6 different wavebands obtained after preprocessing speckle images and

autocorrelation images generated under xenon
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(a)—(f) Speckle patterns;

(g)—(l) autocorrelation images; (m)—(r) power spectra; (s)—(x) reconstructed results of object (image is

doubled in size)
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