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Fig. 1. Schematic of imaging through scattering medium

with broadband light illumination.
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Fig. 2. Speckle patterns with or without narrowband filter
in front of the detector under broadband light illumination:
(a) With narrowband filter; (b) without narrowband filter;
(c) zoomed-in view of the region of interest in speckle im-
age with narrowband light illumination; (d) zoomed-in view
of the region of interest in speckle image with broadband

light illumination.

SRR R AR 45 HT 2 i D e i ) 7 vk )

DA S BRI A9 5 OB AR, (H 2L
1800 1) BEAS o AR TH 2 A1 78 35 IR iR R 48
PSFE BYAHAIYE, 75 I A 7 U i AR A5 5 {5 1 L
5T L BB R R T uERR T ORI SE AT A
B Co (Nij, AN;;) T, SR AR R G i i 1 R K
TR, I H Bk = iz 0 Y PR AL RO
GBCRAZIR. A, 787 s i s 3 5 0 LA sy PR
PR, XTS5 bR A G B A ARG 58 Y
MHDGIR, 280 IR I s K EIVEIA B, BRI —
LT CUR IS PR 22 TR UL, a4 R ) ) P
FRAGRETY | A3 B G TR T T8 5 | R 1 1 s M s
Ca (Nij, ANi;) T, MR BRI A& 2(d) Frs iR s
M LY AR R A RSk 1 E AR 15 B R ASTE SUIR ST
SRR AR ) [P) 5T, 2 A i 3o AT RS A o R A4
TR 22 | SRR AZ BR A e 22 B

3 HUPE N 00 R AR B T AT

HT T2 i U ' T8 A 2 MR 1) TS A T 3 T
Ja RS B TR LA i i R Y, DR e TR Ay
B SE I B C T I IR, 5 I8 2 P B A
B TR ST SR DU B3 v 5 i
AR SIS 4 (i I8 il ) ST G TR R S 2= BRI A
SR, AR AR GEARBLIEI 21 iy i 5 PR S 4R
AR T BURERE TR dpo Z AT FR A 22

(o) = T dmn  Jms = 5 (01— ),
(©
S, Ty 1 Ly MBI AR 3 FE R
S RUMYER, o RIS RIA L i (6) X
T, FRI B PR WA R 7 0
SR BRI, I A TR
T RS 55 AT IR HE , IR TS 3(a) $528
TSRO 9 B LED 5 RERIL IR
5 BB IR e AR R, HK I
b AN R, %5 — R 25 0
forfl, 4TI 5o R A AR (%, T i
o CER PR 34 1158 FE 4345 A0S 3(b) B,
Hoob a, b, c, dSPBURHRJT 68 0°, 45°, 90° 5
135° 1) S TE AL 1R
AR R R 07 6 BT B L B 24 (1
LT 51, B SR MR D7 (4 5351
WL, I LR A BREM L. 4 T RAS
BRACECSAM IR, B A B O

224203-3


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

¥ 1B ¥ Acta Phys. Sin.

Vol. 70, No. 22 (2021)

224203

(a) Detector

| Pl
Broadband
LED

K3 ST EORE S 0 i AR A
JEE 73 h £k

L(b)
e

*'*
*
\
\
y
X
A

Mean intensity /103

0 50 100 150 200 250
Rotated angle of polarizer/(°)

() 2T T3 R A 09 Ot R FC ST RRLAR AR G5 (b)) A [ i R T 137 A i i A L 15 ) 349 i

Fig. 3. Polarization characteristics analysis of broadband speckle field: (a) Polarization scattering imaging system with broadband

light illumination; (b) the fitting curve between different rotated angles of polarizer and the mean intensity of broadband speckle.
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Fig. 6. Autocorrelation images of broadband speckles under two different rotated angles of polarizer: (a) The autocorrelation im-

ages of speckles; (b) the normalized intensity curves of the center of autocorrelation images.
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Fig. 8. Reconstruction images of three different methods:

(a) Original speckle reconstruction; (b) traditional speckle
correlation imaging method with filter; (c) broadband scat-
tering imaging method based on common-mode rejection of

polarization characteristic.
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Abstract

Owing to the inhomogeneity of the refractive index inside the sample (e.g. biological tissue) or on the
surface of the sample(e.g. ground glass), light will be strongly scattered when it propagates through the sample.
Therefore, we can hardly obtain the information about the objects behind the scattering medium, except for
only a complex speckle pattern. To date, many approaches to realize focusing and imaging through scattering
medium have been put forward. The traditional method mainly utilizes ballistic photons for imaging through
scattering medium. Since the ballistic light is attenuated exponentially with the increase of depth of propagation
in the scattering medium, the reconstruction from the speckle formed by scattered light is more conducive to
practicability such as deep biomedical imaging. Typically, the wavefront shaping, optical transmission matrix
and speckle correlation techniques which can successfully recover hidden object from the speckle, are valuable in
biomedical imaging field. However, both optical transmission matrix and wavefront shaping rely on the
coherence of light waves. The physical model of speckle correlation imaging is limited by the similarity of the
point spread function of the imaging system. Thus, it is restrictive to achieve imaging through random
scattering medium with broadband light illumination by using the current techniques.

In this paper, we present a broadband scattering imaging method based on common-mode rejection of
polarization characteristic. In order to solve the problem that current scattering imaging methods are limited by
the spectral width of the light source illumination, the polarization characteristic of the speckle field is explored
in depth. We qualitatively analyze the difference in polarization information between the hidden object and the
background noise in the speckle field. Notably, owing to the differences among autocorrelation functions of the
speckle field intensity with different rotate angles of polarization, we can obtain two images where the object
information contained in the speckle field and the background noise are dominant. Specifically, two speckle
patterns are selected according to the maximum value and minimum value of the peak-to-correlation energy of
the different speckles’ intensity autocorrelation. Afterwards, the serious background noise caused by the
broadband light illumination is significantly suppressed by using polarization speckle difference imaging, and
then the hidden object is reconstructed, with basic phase retrieval algorithm combined.

Comparison with conventional speckle correlation imaging technique, the value of peak signal-to-noise ratio
and structural similarity index of reconstructions through using the proposed method are improved significantly,
and the fitting curves are stabilized. Emphatically, the background noise item is physically handled by
developing a novel physical imaging model. Furthermore, the proposed method is highly efficient and universal
to recover different types of the hidden objects with better quality under broadband light illumination.
Therefore, the proposed method has more potential applications in scattering imaging and biomedical imaging.

Keywords: broadband scattering imaging, polarization, difference imaging
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