[ Downloaded from opsi.ir on 2025-12-16 ]

L [EL S et g v A e e e e
/4%, I 5308 S i g, 9IS yo M <
. Y EX P K L T "
\V/;y‘)/{ 24" Iranian Conferfn:e on Optics a*n;d m;:i'(‘s (ICOP 2018) and
g

1

Jan 30 - Feb 1, 2018 - Shahrekord University

Pl Jlams ) B0pld (2 95uwg S 50 bl Ll (20,65 b S5 !

Tl g0l y0 Loyele T (g oz oo T (VS gal (sl | GBS oy
FONVYV=SEVYN iy oS o) elos Al psle oSS blmmed o€l oSy 500 oasLtils’
FOVEY-FFVTY iy o ol ool Al pole (oLooSs o0 olK23ls Syl gy 35 50 7
VAYAB-OOYY iy 05 sl o]0 ecsolis sl szils olSimgsy sl psle susisls ¥

Ryad Bsb 5l Plyme Jlazmd 6, Kipled (o1 95wwg S 53 SSE lgd Sl bl (gl 4l LSl (23,9 5l Al (pl )3 - oSy
Gl yrga Gy olul 9 ool sy Jlozmd (&) Riplad (5195w ySono sl 0ud o3liiusl digad y1 Gur19d S S)9T (355
Sl Jilio j0 a5 (5508 Cumlus 9 (Folw o & gilmo 22 0395 9y dd lodey Cuwl (558 plu! 31 (guns duw
29 3 W (5 YU (9348 (F35L5 L g3l o G e ol (Jlnzss (5 Sipled (959 S0 (51 wlin il 0,15 (ano
S 68 00 2 L (e o0 &5 Cuwl o 0010 (LS iy 00 B8y o5 SIS (g 3 Fomly §398 (S99dS b by S i
S olg il @ Olgs o0 (5385 (S 2 b g S0 (lal 8l Liwly S 5o 1) (06 50 SIS (g8 Aigad (59 2 cuwlio (Wil L g
W 0P o0 69 g (bl iz sb b guangd sbs sl eoliswl b aS s o LAS Wllio (1l 50 oy Lalcwl) plod )5
VIYAY 51 (Jaomo (23,95 b loduy STl (ylgF Sgatr & @9 (g 3 oolitiuw! oy Lilivwly plod' jo SUSi pl &1 (5598 S5 52 5
FB Jgore (8,55 b &5 byl I olbangil Gl 30 WeySaySKuo oo 51 oolisiul b g o joxie yiogySrn /AT & yhog ;Ko

I S (Aidga (g 5w y ST

Wl S le (23,95 sl (I () pled (05Smg San (SSE R —o3lg S

Super-resolution by Structured IHlumination

in Mirau Digital Holographic Microscopy
Yasaman Ganjkhanit, Ehsan A. Akhlaghi‘? , Mohammad A. Charsooghi*? , and Ali-Reza Moradi?®
'Department of Physics, Institute for Advanced Studies in Basic Sciences (IASBS), 45137-66731, Zanjan , Iran
2Optics Research Center, Institute for Advanced Studies in Basic Sciences (IASBS), 45137-66731, Zanjan, Iran
3 School of Nano Science, Institute for Research in Fundamental Sciences (IPM), PO Box 19395-5531, Tehran,
19395, Iran

Abstract- In this paper we apply structured illumination in Mirau digital holographic microscopy to -improve the lateral
resolution. Digital holographic microscopy (DHM) is an effective and non-contact technique for 3D imaging of phase
objects. Among different DHM setups, Mirau DHM due to its simple and vibration-immune nature is of a high interest.
Mirau objectives with high NA are expensive and low NA ones suffer from low lateral resolution. It has been shown that by
imaging 1D gratings on the sample we can obtain super-resolution in DHM in 1 direction and to have super-resolution in all
directions the gratings should be rotated. We demonstrate that by projecting 2D gratings, instead, super-resolved 3D images
in all directions may be obtained. We apply the technique to resolve microparticles within aggregations of them which can
never be resolved under uniform illumination of the Mirau DHM setup. The resolution power of the system was improved
from 1.3 to 0.84 microns.

Keywords: Super-resolution, Digital Holographic Microscopy, Mirau, Structured Illumniation

\
23l (g i LEWWW.OPSIIT ol yo o coud el slfs 5,90 10 allis ol |

% %
9" Iranian Conference on Photonics Engineering and Technology (ICPET 2018) 5y ﬁ!z y

|

Formatted: Font: 12 pt, Font color: Black, (Complex) Persian
(Iran)



http://www.opsi.ir/
http://www.opsi.ir/
http://opsi.ir/article-1-1557-en.html

[ Downloaded from opsi.ir on 2025-12-16 ]

VAP~ oge V)Y

Ol Sigish (6)5Ld 5 (qwite (il S (rans § Sidgiod § Sl LuihalS ooz § S

o @i b slagilne o hlie o 5 Wyl (YL
el 508 Sl (55570 4 (o0 SSE g5

Ol 3l 9l s S8 g5 4 DHM 0 SSaslgs
oy o3Il 4y 55 g LElpled Cod (90 Slasin
@by, A ol (K 3lil > 50 4,68 VL
T2 3 N A (255 S 50 S8l sl &S )
@5 oS5 ez 5l on I ee DHM Gl ol
il arg o wlyie DHM pleas b aily sl
& SV b e il 5 Ma Jle (6
P SSE Ol Gl sl e Gl L (Jsene
-6 5l Kas 29,5 [A] o [V] wiles S esliz! DHM
oaSalgae (55, p &5 it Sl b gansy b
oslisial S5l (sl eilons bl (SLM) g oliad
FETEE 0 SBlad 059,50 o 53,5 )l LS ey S
Ol ) S ol g pledS 5 Gl gilee Salole
4 M Gy S5l aeis slp o 5l 5 ea w0l
ghe Glpeal ousp Glp 5y S g eV
ooy DAl les S oolitul (6 pauls (sloco j9.alS il
angd 4l Sl o b ) gl joneps ploss i
28 SSEGls oL A mlesls olad 5 mles S (o5
S

G Gl =Y

Oledez o adlylsle (206 JS& ool o
TGP S el b digel (95w, Soe 5,k
el 51 holazyl (D) JSKS 05l go (pidsy (st
aslen Vb5 omb Sl 2 Jold digas S a8
I 580 omd LS ples (s3lal alo e jo axl
WSy owilS B oogame pzlas Lt aes e las
A3 go (LS il o jlre pes (9925 5 ool
ok Sl uls b hid gl Jsene (2,55 0
b s 45 By 0800 Hgee o3zl [~ NAVA, NAVA]
Vb Glails 85l (G2 wad (pdy) atdl lisle (o039
gly o3l & 5 Wgdi oo )55 Bl -V ) Sl )l
e (bS5 9 Py 6,95 e L oS Jol 4 e An
Loy a5 oo adse Alp 4 o 5l 00 paRie M
AV JS5) g oo by ol (Sl S5 &
e VI a5 w3 Ll (y5b il Lo, o8

[Formatted: Font: 12 pt

I N KAt
N PalPa (a3
doddo =)

goedsb L VINA ey 5l o 9o 0 L S5l
0 39950 (NA) Sl poa w5308 (59925 5 )53
WS e Cogame pl g oS Slabg, ples 4 [V] 05
ol 5l P S o SSE R 65 neas slahs,
w9 S g Wjlgil Irne glsel (65505 4 Loy,
993 Ol slagsbs; 5o Y] wigh o aaiel Spoj e
s 2l plabs, 0 Gl |) ailgl slaosl eks
8 b 255w 5 STED  (058hs S
20,5 b (58mg e yo Y] il (SIM) asil sl
S Oy pobee Sl b (glaS )l L aiged asdly sl

5w o] Gledbl abl isle ;8 ey onl 4 0gs
1y 2iog JEST BB Jyane (23,55 L 4S5 5, sla sl
P 3 Gilebr cllee (b5 038 e 355
Ol slr Ghey Gl oS (oo ovalan B gl (oslusl
33 OgmdlingS L] wi gl il Ken 5 J bawgs b
P SSBlg Gl jskie 4 1 ol Yeee L
sz 09t 0] 0p 5 Gl sl (555 Se
sl 0 sy a3l 5L 23,05 Ly 1S il

ol sB9, OHM) Jloms (6)Siples (1550 ,Se
S aw G bnngal Gln oeleind g e
olenz [Pl cdl Gl pobaw wles 5 556 plux
Sleder Jmws 6)B8eleS (98w S sl Jglue
Aok 59 Olee asly 608 Sl b oy a5 el jui5eke
5 Sl jpmer )5 SlalBlples (lgion terd 5 &2 0
laz oo 5l 1, a8l (3l 4S5k g silome i o glad
5 SlSe olales,l Blie o 1) sl yal ppan Ll 05
e sleglanz o) oal 5l 05 valyr Gules e
s @ ples (95w Son (sl @2 10395 9 e
el saglenz 5l asl grube Rl Wi o0
S slagnd &S lagl 4 Ol ez
o )Lsl S e solitul gilie 5 Setd opedSile ol
59 los S oolanul gl e ed 3l Lo ragh cpl jo 0,8
S Szs5 anl e sl B b ey ol
L slagsle 0ad oo Gl Cunl oads a0l (9,0
loced obj oS5

ail s LEWWW.OPSEIE cole s a5 el JLiel gl)ls byg0 0 allia oyl

Formatted: Font: 12 pt, Font color: Black, (Complex) Persian
(Iran)



http://www.opsi.ir/
http://www.opsi.ir/
http://opsi.ir/article-1-1557-en.html

[ Downloaded from opsi.ir on 2025-12-16 ]

VWRF age VooV Y

Olpl SEsis8 (555l 5 (waige il S (el § Sigish 5 Sl il A e laz g e

L1 e . g e [ | A< | -
OXRT=FFF GO J 7T OF = O O R =P IR O OO

G5 ok slagis,z 5l sy Gl wad eslanl
25 s

owbosl losuz g diges 3lwoskel Y

ol o eolaiwl 5550 Hlodez &Sk (@Y Jso jo
Lojl 3 Ligy <5 58) (ypti-paele ) Ayl el onal 5
OBz oS isn sl lanl (BPYYA N zge sl ¥ MW
o5 Bk ol oy b s by pelS pliis & oS
3,35 o0 00 s 58 oy p p (2LS (pmgien 35
xS 3y Sl (9P gee Az (FEYO MM) sl coe
Tk WS gl SLM) 5 lad saSalgns 1,
Gk 5l a5 wload Jlgw SLM (59, » clie slogs,s8
Pl (b g OS2k 5 (00 MM) pgd pwae
2O g oo pyal diges p (Nikon, NA=-—#F/Y, 1« X)
wlas jo a8 S0aS)b 5l a5l (25 e I
O 20,5 soy digad §l g 035 jpe ead e o
St B4 (KAl s, S el Sl es%es
S JB j0 4 am e anl 4 e g 00l eall
ol 9sdse oaaliil O 5l g WS o0 955 o0 A
o &Sk 93 S (o0 Wl |y o e oSl 8 4S5 L
Sl ol WS e S oa b Sl 5l s
S 4 (FRVFe MM) pons pwae )b 5l Ll
2 Jels skl 5 Wsbee Culan Lol
sz, 6, Kpkes ils (gl e o il (Gl K]
42ls 455 (598 diged 4z e Col (B Gl 5o
S99 (sl (Gamgs sla,g 5l s pglas bl
oo oals Higled (9) 5 (@)Y oS )0 oolawl 5 )50

mg?

s ptsal

Cgas

5 ks 536 b (9) bl plenz olsgyb (W ¥ S
Wgad 5| (2559,Sen 9l (3) SLM 5y 0ad I (5550550 (@)

Sligen (@) IS ansl ansly Sligees =) 5 )
Iy s Jawgs odmlie B ol o Vb (slo il )8
e o lis

A CrveD) NAVEI <Nty

Sy Gl e 5l (sl ) IS
asdly sl |

&®5,95 3l eslaiul b

Y slauils 2 Jiml 5 Slageen nl 32 om 5l 12
Jolee &S jao ddye uilS,8 lal 0g5 Cawyo S 4
Sy on yuS diged (oS3 il 5l Sl (Jgons (023,95
il 4 Y e oS5 e () S5)
Gl o b Wehie buly 53 slis s MIP,
Sl Jolre ol ()Y US8) W3,8 )8 095 ey
(NAgtf ) 55,5 goae (S99 slls i a5 2ol
NAg = NA+NAg alal, 5l () JS5 ks a5 wab
NAg =sin0g = MA/ Py alal, ol 10 ] co Cawsds
ICHUPUECTY S I e JOU PNV SO
Dges g 0ddpgal 6)55 Jol 4o Bln b plp g 00933l
B0y b e SSE e S ol 4 el
oS Wloe camsts 0 = KATNA ¢ alal) 51 assly ksl
Wiy JiSew £ 5l 2y sl 5l K o o
Pl )0 Wb Jolhe cnl plad dlioe oty (mped
T sbeil sl b wisd 12l 5 eslples g5bujl
3B g asals a5 (S e oolannl slassly canbs Lasl o,
plos jo S ylgs aali8l (gl e oo Gy |y s
Caz 50 50 oS Cawd GanSy (5,58 ol p3Y oy
SIST W Sl pled 5 0gh pgal diged 00
gy 6 glr @ 51 Ll ogd Jlesl ey
SV L skt la i glosle b sangs )8
Szs S5 a4 slplE L (Hexagonal) (s,s)

il (o ins LEWWWLOPSILIE gl o a5 el el sl 350 4 allie o))

{

Formatted: Font: 12 pt, Font color: Black, (Complex) Persian
(Iran)



http://www.opsi.ir/
http://www.opsi.ir/
http://opsi.ir/article-1-1557-en.html

[ Downloaded from opsi.ir on 2025-12-16 ]

VAP~ oge V)Y

Ol Sigish (6)5Ld 5 (qwite (il S (rans § Sidgiod § Sl LuihalS ooz § S

Jelos 30 S (6l miyn sy BT I Bana s
QS oo (65wl ooty

(<

() 10

Height fom]

10 H
Distance [jun]

EF EF EF i
100 = 100

* Dttt
plFslse rgangs adl lele (po)5 cod g @l VS
=65kk 16)85aY (@) (ks (W) b b (895 cod o0
maY (@ gkl () s (@) 0,8 S g sl
2 eadatie bsls bl o gunSy gleals () 1655
(0) 5 (9) (@) dmgd polas

&=l

[1] E. Abbe, “Beitrage zur Theorie des Mikroskops und der
mikroskopischen Wahrnehmung”, Archiv fir
mikroskopische Anatomie, p. 413-418, 1873.

[2] A. V. Zayats and V. Sandoghdar, “Apertureless scanning
near-field second-harmonic microscopy ”, Optics
communications, p. 245-249, 2000.

[3] S. W. Hell, et al., “The 2015 super-resolution microscopy
roadmap”, Journal of Physics D: Applied Physics, p.
443001, 2015.

[41 M. A, R. Juskaitis, and T. Wilson, “Method of obtaining
optical sectioning by using structured light in a conventional

< EX | Avwae | A Y L
P R TORTT T ¥ o
I'N

Lged Hlyie Ay F9,See N sloe S S 5 cal o
Jenash JSIN Jolowe 5o 39S (nl s oslinal
SLEAY L pY o 695 5 o 9 008 bgle 0ud 33,
4 e gy, Ol aiad Sz olil glse o sesetas]
LS o b bl Sl (B wilesd s ol b
L it Laogs bao 3055 8,15 (Sl a5 Wlats 8,15 oo
5o ilosgs Lo Hlai o590 aiged 5l >led fui gid HISKS]
ST X (b b (58mg Soe 5l s pga (Y S
W PRV TN

&% s -f

@y coS sbealeles giluil @l YUK
a3 ge ol |y (gamgs audly LBl a0)55 5 (Jyese
Wged slacilSsled coiy 4 () 9 (WY sl s
okl s e g ikl (e Cod
G )L @Y s o dges ol 5l gamgs silusl
03,51 5590354 g (kb Jyane (23,55 Slp
bl 5o gunSs lhasles 50 ()Y JSKo 50 sl 0
5 ead ooy lis Sglate sl pSegs L baks
208 et @S dalie b ailoads sy« gamgs sl
ez 5o SESBlE Gl gamgs g Jyens sl
ol ossline BB gamgs 20,90 coliiwl L alise
ool Y Jole VX gl Sl goue Sogis
Sd e (Jyare (83,5 CoU e SIS ol by
el 5,5ee YA Joleo 352g0 slallas 5 ladiys |
boplp oslital )90 lags,g 5l Jol> soue (Soga8
A @ pege SSBa> dgugn Sl a5 cwl NP
2l chllas (028 @l b sae [l a5 w09 o0 (15,50

A

microscope”, Optics letters, p. 1905-1907, 1997.

[5] M. G. Gustafsson, “Surpassing the lateral resolution limit by a factor
of two using structured illumination microscopy”, Journal of
microscopy, p. 82-87, 2000.

[6] K. M. Kim, Digital Holographic Microscopy, Vol. 162, Springer,
New York, NY: Springer Series in Optical Sciences, 2011.

[71 J. Ma et al, “Resolution enhancement in digital holographic
microscopy with structured illumnaition”, Chinese Optics Letters, p.
090901, 2013.

[8] P. Gao, G. Pedrini, and W. Osten, “Structured illumination for
resolution enhancement and autofocusing in digital holographic
microscopy”, Optics letters, p. 1328-1330, 2013.

9] M. Aakhte, et al., “Microsphere-assisted super-resolved Mirau digital
holographic microscopy for cell identification”, Applied Optics, p.
D8-D13, 2017.

91—

[@LV. Abbasian, E. A. Akhlaghi, M. A. Charsooghi, M. Bazzar,
and A. R. Moradi, “Digital Holographic Microscopy for 3D
Surface Characterization of Polymeric Nanocomposites”, to
appear in Ultramicroscopy 2017.

¥

Gz -0
plod (5155 ,Soe 0 S8 Gles (HaliEl (haesy cal o
28,5 sl il o 20,55 b gl ee s 5,55
o5 b basdl lsle o 5l oolanul a8 o esls lis
S35 995 S5 Sler plos 18 SSE Gl s 59
e @B slacge o i glecllplas ood o
Ailgs so a5 delol oo (g pSools s s il 4y el o]
2,5 1,8 oolawl 0,50 Lgy (sbaigas 5l g 10 peas 5l y,

631 Sl

ail s LEWWW.OPSEIE cole s a5 el JLiel gl)ls byg0 0 allia oyl

[Formatted: Font: 12 pt

[ Formatted: Centered

[ Formatted: Font: 7 pt, Complex Script Font: 9 pt

Formatted: Numbered + Level: 1 + Numbering Style: 1, 2,
3, ... + Start at: 1 + Alignment: Left + Aligned at: 0" + Tab

after: 0.25" + Indent at: 0.25"

{ Formatted: Font: 12 pt, Font color: Black



http://www.opsi.ir/
http://www.opsi.ir/
http://opsi.ir/article-1-1557-en.html
http://www.tcpdf.org

