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Optical imaging through turbid media and image reconstruction using
iterative algorithm

Afsane Amouali, Masoomeh Dashtdar, Samira Ebrahimi
Department of Physics, Shahid Beheshti University, Evin, Tehran

Abstract- Optical imaging through turbid and scattering layers is a challenge in optical microscopy. The light passing through the
inhomogeneous samples including biological cells is scattered and speckle pattern appears. In this paper, a method is introduced
based on Fourier-domain shower-curtain effect for imaging of objects and resolution enhancement of the recorded images in
scattering media. The information of the object can be reconstructed from the autocorrelation of speckle patterns by a phase
retrieval algorithm.

Keywords: autocorrelation, imaging, phase retrieval algorithm, scattering layers, speckles.

AL\

ol e WWW.OPSEIT oKsg ;0 09 (g yiwd 4o byl ab allae


http://opsi.ir/article-1-1409-en.html

[ Downloaded from opsi.ir on 2026-02-13 ]

VYA poge VEY

)‘ Sl ool oolawl 6'3‘9 6[.43 5 k;“\"'ﬂ)" d)l.wd...,...u
Sl ol ol SCE aluly 5 Sl Sl abais
] 5 e 58 5 95 o 5, s
alols (2alf b conl 0uiiS 12y 5 503 (salold 4 s

b (oo Gl elad il 5

S2 3l i g orgden g PSS g5in S &S e
Loty 51 2980 S g0 500 2o s 5 oS iy
5 ol dtead [0S0 b aladl> 51 Lo a5 Wgd o JuSiiS
Gl s o oo L] 5 )15 0929 o] 5o s Sl
b 0(KY) et ciSen ply sod 5l am alolidl

ClSXY) aducs 5l ool (sam S sy Gl

f (6 Y) =00 y)*S (X, y) [1]

alasl 5l ey oyl olal bay ol oSl 4w N as
(Glammy =5 Ol 5l (amgd sy s H90 (e
4,98 Joas ols ylid )lgs ce s so s (FLH, (x, y)]

ohae Sicansgs b b by [FIL oI 51 09
el AC) (Gl = 5

FRFLL 0] = Lo ey,

N G5, 2 65 ke 5 (M) 55 (V) gakal, 6 WS L
ey st 1) sl 4 Jies Gl oSl

2
2|1, oy )| =

2 2 N 2
alo(x )P HO0 Y * 2[5, (6 Y*S, () -

N < . c
O 1, lesn(x'y)*sn(x’y)l2 Wik S kS NS
n=
b ams g S35 s b gb S wik
Locwl s ob cutSen plp (V) gakaly o0  Sends>
o (Fienup 0,630 568 oLl oo, 68 S5l oolai!

TN o5l censs 1) oo pgas 5

i lojl bl Jog ) 9 lovuz -V

S gl oo ol plis VS je GieleyT ledus
10 (295 Olys gl PYVIA zoe Job) (o5 —poele

Olnl Sigigd (5,9l 5 (cwiiges (il a8 aetd 9 Sigigd g Sl il )8 aeges g o

doosio —)

OS5 3l S oSy g 508 labaze Sl (610 g
39 8lo0 ;S (oo )5y cunl Sl o ol b Pl
5 it U (oulidiiany 5 (bl Al sladis;
aiile ooz sdiges 5 95 Hene b V] ls (6565853t
JSE5 (6998 555 5 d9d o Slml (FaiSTn o) slacily
g S8 ylei alS 4y e a5 wey co (Sldun slagSll
@bl ez )3 655 paal Slp 93,5 o0 S9d Bes
(wavefront  zgo agu> 20 S [yl dmaging)
56 ggmen L] (memory effect) akisl> 5! [¥] shaping)
SaSly mpbe 09y 9 [6] (phase conjugation)
5 oad oliw [#] (scattering matrix inversion)
St sl oas ploeil aiey cpl jo (g0l sle wd iy
2 ol Casgame ooleity oty Siie sodes
el G S ol w8l sud 55lesl peas Lalyd
ol (Sl MalS (531 51 lgs oo Codgame ol a8, (sl
099y opl b .o,S eolail "shower-curtain effect” (SCE)
G5 sy cuy o aS pladises 5l syl pgar Sl

IV] 5 )18 0929 cilaid § 18 adis cpais cwlis b

Gl ppgal & Giwl EPRvES 3 eolawl b alas (ol yo
S8 Blol mhaw g0 (o jo 4 oals aiSloy lexl
G50 L as ol oads ool lid ien il ax8 F
Sle sl ead gilwsl polay curS les oo (SCE)

Gl S0l 20595 (Sa (09, b 5o (5458 Jood
b ks 5 ooz slaglosez 45k Gg Gbay ool e
“Cwls (o 6l ppeal ool (Sl Slakad ) eolatl
a5 a8 oo pd el 1) oy slacdl 5l (g ek slo
Gk A Gl Sy Glopnsal slails
ol g wSol e glael Sl eslial g Lags Lo

ol

Silwil salp saiSTy e Sl (6o p paal Céla,

S Y

g STy el a5 aiin )lpl e boaisS sy

Slp Lol 5l as wigde (ol s 5l 58 (s S i

ol e WWW.OPSEIT oKsg ;0 09 (g yiwd 4o byl ab allae


http://opsi.ir/article-1-1409-en.html

[ Downloaded from opsi.ir on 2026-02-13 ]

VYA poge VEY

(Tukey Window) (sle ey yild SO basgs s g 21 0
olis K ogi oo (HIO) Hybrid Input-Output o 43!
A Cewl oo Bl g el (LSS slaws goaia
S3bail oy Sln g 905 o0 )18 osliiul 590 o5l
AL - LY 518 9k=10) cunl ouls a8 5 Jlai o e
pipesdl SO S b BT sl 0 (400 la
plxil poai ol s3lesl (Error-reduction) U als

Sl ol ooy Hlas ¥ S o ol

2 oanlive 598 jeme p Sges plinl) o d2 plral>
sl o i3 SuSE g g0 iz e a5

awu.,u

G5 ez ¥

e bl b plant 5l acy o5l cod b allie oyl o
WlasE 18 Lol w90 e 45 sad azslsy
ondg> 5l eolatll Lol sul (gl pgas
s HIO 5B oLk o )58l 5 ey alides slagSl (2 0Le
v 50 Ol 00l Ly pgar matlab I3l 65 s ER
Slob mhas glrals b peols ol as ojlasl d2 g dl
SESE QP )3 St 595 s97me g Sges Sl )3 pgd
g oolw pleduz ol 5109 ced oloml ouls g5lusl gas
g aiels LI Lb3k slp (Sbj 50 Olge ot
Cudy 50 &5 (G sladsle g (Sealus ladiges 51
2,5 oolaiwl wilazd 5 )18 eausSTy slaasy

Yy

Olnl Sigigd (5,9l 5 (cwiiges (il a8 aetd 9 Sigigd g Sl il )8 aeges g o

)9 )‘ o9 09.“ ° 6)‘5.9 ‘5“:...\9 9o )‘ oolazwl l) (mW
o ojled bogy0e boas (A1) OSlob gl G
g S o pdo |y (S)aiges il 02l Cilials (#)Yo -
Al oads ags Bl Sedgigd g, b oas cul Sl Sule
e ojled b ogyo0 b oas (d2) 6,58 Glol xlaw
turbid) o5 Lo lgre 4y Gl 2l Cilals (#)f . .
DS oo )8 digad A Gl (g0 il 12 (6 Aol o
kS:LA..f)).) Lv uj&ws)s...a ‘55......: 6..4&9 ;S.u )‘ oolazwl la
CMOS L Kl g5, pgo Slob mlaw i gas (MO) T
(yieg, S 5.86 Sy ojlail L BFLY-U3-23S6M-C)
Sloralry See o (59, Slob mhaw g5 p0 090 (o0 o
2 oyes skl ) lrale Sl 5 wad e s
3 Jol Glob mhaw glbal L osjls 1) 5588 H92ee
Ve Cd zh bmB Voo ()9 s97me p dses sl

IR o 9 vgsed aSG L s j0 0aiSTy mhu S
Al oo el b any ojlul 4 plad swgdes 0,5
odl JoSad by (Koo gl i bl ply
2 kel sl b Bl H9s Gl o) Oly (o0
)98 b ;0 9290 DM 5l g 185 B8 A s e

3,5 oslial 2B pgal ilujl sl anss

2 Slay polas 5l 65 xSk L (V) salaly b Gillas
(OC) )b by ihd & Jlesl g 98 (slad

d2

CMOS

‘Q‘;‘%L@)‘T ol Y S

R F
> Gk o Gy,
bl Jts! T
Sk g (A |ac|ei(arg(c))
S 09 \
' ole ’
9k F_l G k

B ool s 2 S

ol e WWW.OPSEIT oKsg ;0 09 (g yiwd 4o byl ab allae


http://opsi.ir/article-1-1409-en.html

[ Downloaded from opsi.ir on 2026-02-13 ]

WA o VEIY OlRl SS9 (5)9ld 5 (cwiite 1S retd 5 SHF 9 9 Sl (ST g 5 Cen

[V]

[£]

[°]

[

[V]

[A]

diffraction,”" Physical review letters, vol. V€ No.18, p. —
V'ln‘_\‘l‘lo 200 um

A. P. Mosk, A. Lagendijk, G. Lerosey, and M. Fink, _
"Controlling waves in space and time for imaging and b
focusing in complex media," Nature photonics, vol.

-‘,NO.S, pp Y QY—*/\V’ ~Y . \ Y

E. Edrei and G .Scarcelli, "Memory-effect based

deconvolution microscopy for super-resolution imaging

through scattering media,” Scientific Reports, vol. -L, (a) (b)
Y

Z. Yaqoob, D. Psaltis, M. S. Feld, and C. Yang,

"Optical phase conjugation for turbidity suppression in

biological samples," Nature photonics, vol. V,No.z, pp.

YYodYe YeiA

S. Popoff, G. Lerosey, R. Carminati, M. Fink, A.

Boccara, and S. Gigan, "Measuring the transmission

matrix in optics: an approach to the study and control of

light propagation in disordered media," Physical review (C) (d)

letters, vol. Y * € No.10, p. Yoele) Yoo
Ee%
U (h)

(cd) d2 4 dl g diges paas (@) «psla g3lusl bl 3 S
Sedg> (8F) < d2 5 dl jgax 0 bawy ol cud polas
SLRELS IR ST B UIPLS

Sl S wlemw

O ! sl gl jo 1) L a5 Lbgels soge BT
lo | Sas JleS wisged 55k

E. Edrei and G. Scarcelli, "Optical imaging through
dynamic turbid media using the Fourier-domain shower-

curtain effect,” Optica, vol. ¥ No.1, pp. Vevy,
Y
J. R. Fienup, "Phase retrieval algorithms: a

comparison," Applied optics, vol. Y ,No.15, pp.
Y\/'l‘i_\‘\/o/\, Y AAY

.=

&=l

[V] V. Ntziachristos, "Going deeper than microscopy: the
optical imaging frontier in biology," Nature methods,
vol. V.No.8, pp. VY €-T1+ \NARRE

[V] D. Strekalov, A. Sergienko, D. Klyshko, and Y. Shih,
"Observation of two-photon “ghost” interference and

VYA

ol e WWW.OPSEIT oKsg ;0 09 (g yiwd 4o byl ab allae


http://opsi.ir/article-1-1409-en.html
http://www.tcpdf.org

