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Application of computational optical imaging in scattering
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Abstract: Light scattering is a common phenomenon in nature. How to realize high resolution
imaging through turbid media is an important problem to be solved urgently in the field of optical
imaging. In early studies, multiple light scattering has been regarded as a barrier in imaging through
haze, cloud, biological tissue and other complex media. However, recent studies have shown that
scattering is not the basic limitation of imaging: photons still contain a lot of information after multiple
scattering. In order to provide insight into how new computational optical techniques can address the
issues of multiple light scattering, the recent progress of scattering imaging method based on wavefront
shaping, speckle correlation and deep learning was summarized. The latest research shows that, wavefront
shaping technology can achieve fast optical focusing inside dynamic scattering medium with high
resolution; speckle correlation method can realize non-—invasive imaging by single—shot speckle pattern;
deep learning is able to recover the object hidden behind the white polystyrene plate with optical
thickness of 13.4.
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Fig.1 Principle of wavefront shaping based on feedback®”

NGO AER e Z IR ZEC &

N
i,
Em=2tmnAne (1)
n=1

o N A TR e S (SLM AR R E) 5 ¢, AU AR
W (B4 AR, T™M) A, F o, J i) 2 ) il 52 Bl Jorr 7
A I B R I AIAR AL

SeEe P Al ad SLM X AR AT HEAT A L 9 il I
(7] 20 00 e S RO AR Wk AR, B3
e 58 JEE TR B e RAE (UL 1(e)), AT SE BAH 1l
it Tio, AEWI A AR, RAELGTRILIE 1(d),
Fese e HE LA i i b Esi g 1 1 10° 4%,

AL, SR B BEGRECLE T  RA B a
v e A FRCRS A ) S, SR AR L T I AR R
A —AT I (I 2(b)) . X — BR8] | 8
T X GAF R BB | W] AR G M A i 22 ORI BR
T AARLIA ], LR LA AN R B 8] 45 0 9 i A

(a) Input channels (b) Input channels

2 |ty Lyt Ly w | 7?7 ?
) ©
: :
g |y Il by S |t L Lo
Q Q
2 217 22
3 3
iy Tyo o Tyn ? ?- ?
(c) Input channels
L7 200
L
= 9 29
E t2n
Q
2172 2 229
5
? t,, ?1?
&l 2 (a)TM & ; (b)F T R B B AT IE H AR
()N AR A Iy ik

Fig.2 (a) TM measurement; (b) feedback—based wavefront

shaping; (c) optical phase conjugation(OPC) method
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Fig.3 Principle of scattering medium TM measurement!®"
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Tab.1 Optimization time of several typical wavefront modulation methods

Modulator Wavefront modulation method Ref. N Required time
Phase Only [12] 3228 3.9x10° s
Feedback
SLM Spatial frequency domain [24] ~10° 400 ms
OPC Binary phase [74] 2.6x10° 3 ms
Binary amplitude [23] 256 33.8 ms
TM measurement
DMD Binary TM [75] 1 024 80 ms
OPC Binary phase [76] ~10° 5.3 ms
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Tab.2 Wavefront shaping for focusing inside scattering media with various '"guidestar' mechanisms

Guidestar mechanism Ref. Spot size Non invasion? PBR Required time
Fluorescence [42] 0.6 pm No 10 15 min
[45] 50 pm Yes 5-10 1-10h
Photo—acoustic
[46] 5-7 um Yes 6 000 1-10h
Feedback
Ultrasound [49] 1 mm Yes 10 1-10h
Two—photon [50] -5 pm No 15 1-10h
Coherence gating [52] -2 pm Yes 69 <10s
Fluorescence [65] 0.8 pm No 270 90 s
Second harmonic [66] 2 pm No 400 1s
[28] 34 pm Yes 5 6.7s
OPC Ultrasound [78] -5 pm Yes 100 2h
[71] —27 mm Yes 104 0.6s
Moving targets [68] 5-10 pm Yes 204 <ls
Magnetically [79] 7.5 wm No 9 000 4s
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Fig.5 Simulated memory effect schematic diagram

2012 4, Bertolotti K1 A2 2800 b FH T 78 HU
WAL, ST XS bR ic P R i AR R AR, an
Bl 6 fis, 0 ikt A G BEA A R 15 3
BB B 0 20 A . P T RUBE Y [ A G LA bt o
B, ATRANEOBE R A A 512 5 i 415 2 5 AR ik
14 A

IRI=(0®0)*(S®S) =~ 0RO (3)
K @A * 351 FR A M EBH NGB
U, A5 380 A ICBE 5 LA TR DA B B AT A B A
PR S S E AR IR K 5 . Bertolotti 14 7%
TR T A FHICAZ R0 AT O AR B SR, R 2
WA HARZ A, B, BB E M RBURSE A M £ A
JEWEHE, e AR b R A AR A R R
AR RS T RS EUR A, Hak MR E 5
2 L REME R 45 R A5 SR AEEANI e T

ITluminating
speckle

(e)

.
4

ANSuUqul PIZIEWION

I mm

B 6 Ak R AT HG R EE e

Fig.6 Schematic diagram of non—invasive scattering imaging!®
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