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Fig. 1. Schematic of super-resolution color imaging through scattering media.
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Fig. 2. Mean intensity variation of different sub-polarized

images.

FH 56 AR RN 50 2 AR I 4R P8 3 2 R, 72 200 1 AH

THsriE, (1) ATt —2utkan (3) XpyFRnIg:
Lot () = o (,y) + Iy (2, 9)

+ Iy (2, y) + L (z,y) . (3)

P B B2 S FH R R A PR 6 AE S 658 P T i L
B SHL, Befs b R b r RS FRE. 1R
PRAMDER IR RO R BRI M AES R, &
FEIER AR Y AR h 5 52 1 [l Y
S, RefE R MR PR EHR S 7 e R, S T aE—
RN H S 1 U A S SR C Y I IR e o
IEOL, Fofmde B R /A EUS A&l 3(a) A& 3(b)
fiiR, B 3(c)—(e) & 3(f)—(h) 4% RGB =
W IE R R e A EUR. B h s R
SHURHE SIS JE HAn R B, #0808 A e e
P, HARIREE(ETE 0.3—0.8 Z 0], 1Ak, HIK 3(a).
Bl 3(c). & 3(d) MIE 3(e) AT1%, fARALUE LT
FERY E bR DI D i o B 555 0 S X
BIAEE I S WU A s B AR 518 i M5 B L E
W I B iR 22 S0k, H RGB =3 18 (0 f 3R 451 v
FHUR S A A, SEOLE R 2 2 R
. HIE 3(b). [ 3(f). [ 3(g). 8 3(h) & IE 3(1)
PEUE S BT T A4S, BARE B AR A 15 S AR —
B, HBEE T 5 BN — BRI, 2B b 3

cooocooooo0
HNWHR T 0O

(1) R G B
A bRz FHIE bR FHE bRt
X1 —10.5073° 31.8053° 3.9595° 23.4459° 2.7737° 21.1106°
X2 —1.9040° 4.5331° —1.8307° 2.6421° —4.4109° 5.4760°

B3 WAL IR E AL () IRIREE R, (b) IR A E1R; (c)—(e) RGB =il il i i Ik 1R ()—(h) RGB =@ iE

AR A R (1) RGB =38 38 19 9% £ 1115 T DX 3 1 B # 43

Fig. 3. Distribution of polarization characteristics of scattering light field: (a) DoLP images; (b) AoP images; (c)—(e) DoLP images

in RGB channel; (f)-(h) AoP images in RGB channel; (i) numerical analysis for sub regions of AoP images in RGB channel.
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Fig. 6. (a) Ground truth image; (b) the horizontal line plots at the resolution line pair of group 1, element 6; (c), (d) and (e) are the
pixel intensity distribution of channel R, G and B of Fig. 6(a), Fig. 5(a) and Fig. 5(b).
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Fig. 7. Reconstruction images of different objects (paper, plastic, diseased leaves and woven fabric) using the proposed method:
(a)—(c), (d)—(f), (g)—(@1), (j)—(1) The ground truth image, raw intensity image and reconstructed image; (al)—(11), (a2)—(f2) the detail

information of area 1-6 in images.
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Abstract

Fourier ptychography for high-resolution imaging has been a revolutionizing technical, since it can provide
abundant information about target scene by changing illumination or pupil scanning. However, many objects

are covered by dynamic scattering media, such as biological tissues and mist, that disrupts the light paths and
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forms the scattering wall, let alone high-resolution imaging. It is worth noting that the scatting effect caused by
the scattering media will reduce the correlation of scattered light field, which makes the information aliasing
difficult to extract. The situation becomes worse if the image scene is in color. Typically, the wavefront shaping,
optical transmission matrix, and speckle correlation technique can successfully recover hidden targets form the
scattered light field. Notably, the physical model of conventional method is limited by the difficultly in
extracting target information from the strong scattering environment, especially in broadband light illumination
imaging. Thus, it is limited to achieve super-resolution color imaging through scattering media by utilizing the
current, techniques.

In this work, we present a computational polarized colorful Fourier ptychography imaging approach for
super-resolution perspective in broadband dynamic scattering media. In order to address the challenge of
current imaging methods that is limited by the width of the light spectrum, the polarization characteristics of
the scattered-light-field are explored. After retrieving a series of sub-polarized images, which bring the
information about different frequencies caused by the motion of scattering media and are processed by the
common-mode rejection of polarization characteristic, our computational approach utilizes the iterative
optimization algorithm to recover the scene. Notably, owning to the difference between the target scattering
information and background scattering information of scattered light fields with different polarization rotation
angles, we can obtain two images in which the target information and the background information are dominant
in the scattered field. Afterwards, a series of images containing target information and background information
is used to iterate the Fourier ptychographyprogram to update the target image based on the obtained image
sequence until the estimation converges. During the updating procedure, the scattering effect can be removed,
and the spatial-resolution is improved.

Compared with traditional scattering imaging model, the proposed method can perform super-resolution
color imaging and descattering under various conditions, and solve the problem of color cases. Furthermore, the
proposed method is easy to incorporate into a traditional Fourier Ptychography imaging system to obtain high-
fidelity images with better quality and effective detail information. Therefore, the proposed method has the

potential to help super-resolution imaging to obtain more practical applications.

Keywords: scattering, polarization imaging, super-resolution imaging, Fourier ptychography, computational

imaging
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