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Research Progress on Scattering Imaging Technology
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Abstract In practical optical imaging, light scattering phenomena cannot be avoided. Conventional optical imaging
technologies, however, are less effective in solving the problems of wavefront distortion and image degradation,
which are caused by scattering. Recent research results have revealed considerable evidence that the imaging
technologies fully utilizing the effect of scattering can realize imaging through scattering media or other complex
media and have super-resolution characteristics. This paper clarifies the basic principle of scattering imaging,
focuses on the research progress of existing imaging methods through scattering media and related technologies, and

discusses the current issues related to scattering imaging. Finally, potential research directions of scattering imaging

are prospected.
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Fig. 1 Schematic of digital optical phase conjugation
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Fig. 2 Schematics of wavefront optimization™"
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Fig. 3 Focusing results after wavefront optimization™" . (a) Speckle before focusing; (b) focusing on single point;

(c¢) focusing on multiple points; (d) optimized wavefront phase
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Fig. 4 Schematics of focusing beyond diffraction-limit "> . (a) Focusing optical system with conventional lens;

(b) focusing optical system with random scattering media
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Fig. 5 Experimental results of focusing beyond diffraction-limit"'” . (a) Focal spot of focusing optical system with

conventional lens; (b) speckle of focusing optical system with random scattering media before optical modulation;

(¢) focal spot beyond diffraction-limit; (d) optimized wavefront phase
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Fig. 6 Imaging beyond diffraction-limit using random
scattering lensP” . (a) Imaging using conventional
microscope; (b) imaging beyond diffraction-limit;
(c) comparison of center tangents of first spots on

left of Figs. 6 (a) and (b)
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Fig. 7 Experimental schematic of measuring optical transmission matrix based on four-step phase shift
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Fig. 8 Experimental results of focusing via phase conjugation™® . (a) Speckle before focusing;

(b) result of focusing on single point; (c¢) result of focusing on multiple points
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Fig. 11 Experimental results of scattering imaging based on optical memory effect® . (a) Speckle;

(b) autocorrelation of speckle; (c) original object; (d) reconstructed object

Object
(‘41) jec
:]a;"i
s
))J |
()
56
%
0(6) Scattering
medium

b ___© (0

Camera image

P12 BT SRTRCBE 1 AH OGRS Y 7R R IR T

Fig. 12 Schematic of single-frame imaging based on speckle autocorrelation

Camera image's
autocorrelation

(a) AR AL 7R B P 5 (o) TBOBE 5 Co) HOHE B R O 5 (D gt F A

23] (a) Schematic of imaging model;

Point-spread Camera image
function
S(68) 1(6) = [0 *S51(6)
[ = 11(6) (d)

Reconstruction

(b) speckle; (c¢) speckle autocorrelation; (d) reconstructed objects

=B AR AR Z AR S Fienup BUAH ALK 2
SRV A HICBE AR DG UG A L B LU L. 1) BB K
B A 52t H BRI AR AR L 2) AT K i
ARG E AT 3) BA EAF AP 4 R B
T HARRTT AE R

R 1 b S 4 3 S BN A B, 37 5 8 A HE
S5 AR IR 35 3o B A B AR AT T e
B —#B53. 2016 4F, 8 H B 22 K22 1 Scarcelli P
RN BN T T A ALONE IS AR T 1
L VRES RN EA Ui € R (RN BUE R SIR -9 IS
WM RS T I B AR B9 A ARG 85 456 AR AL
RS SR AT BN T H AR AR R AL HE TR A T
FbR (5 S AP 15 s . AH L AiA JL R 55 %
BE T RN R O7 ¥R R R EOR TR Z A TR T

DA T B B 3 55 0 G A 5 2) nl ol il 1 o i
AR BURAR s 3) BB A . SR,
JR B AL AR T, A5 40 SR 22 WUECBRE , BR ) 17 A%
.

B T HUBE A OC (9 IO AR vk B AR G o HL
RE 5 52 BLAR 4= A OB A e i (H LB S AR W] A2
Ui s BB A 3 VA AR L B B L 5P 244
Fl RS T, V29 R OE 5 iC 12800 1Y
D7 EEFIEOR B 32 T AR s R 2 2% B AR 8 e e
SRR S R 1T AL 280 3 R AR B R T e
AT SCRCREAG T B 5k 52 LA 3 FCA A BT
B FTRY R . BR T LA L Tk i 25 T HOREAT 5G9
25 1o B A TR BB R S 8 BOBREAH S R B AR
O 1 G B AR TR 5 SR BOR T T U H B

0111005-8



% {5

Ground-glass I"\ Object Nokia Lumia 1020

difiges A 1 OO

Scattered-

light image

(b)

B 13 T S M CRE RGBSR i SR R A R

Autocorrelation

(c)

Recenstruction Object

() IR HE 5 (b) B

()~ (O —FINEEBE A AHE 5 =5 hE B IR, 5 =5 0 B AR

Fig. 13 Experimental results of single-frame imaging based on speckle autocorrelation™* .

(a) Imaging setup; (b) speckle;

(c)—(g) first column shows speckle autocorrelation, second column shows reconstructed objects, and third column
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(¢) Fourier phases; (d) reconstructed objects; (e) original objects
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Fig. 15 Experimental results of scattering imaging based on shower-curtain effect!™

. (a) Original object; (b) object is far
away from thin scatter; (c) object is close to thin scatter; (d) principle of scattering imaging system based on
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