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3D IMAGING

» |ncoherent illumination
»  Coherent illumination

»Integral iImaging

»  Digrtal holography

Integral Imaging: G. Lippmann 1908 Holography: D. Gabor 97|




INTEGRAL IMAGING

» Plenoptic function:

I(x, V,Z = O) == JL(x, y, A, 'B) do dﬂ Angular info Is lost!
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INTEGRAL IMAGING

» Moving a single camera

Screen R

Paralla
barrier

Right eye

Opt. Express 20, 15481-15488 (2012)



INTEGRAL IMAGING

» Moving a single camera

Opt. Express 20, 15481-15488 (2012)



INTEGRAL IMAGING

» Moving a single camera

Plants, Z = 690 mm
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Opt. Express 20, 15481-15488 (2012)



INTEGRAL IMAGING

» Moving a single camera

Opt. Express 20, 15481-15488 (2012)



INTEGRAL IMAGING

» Using a micro-lens array
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INTEGRAL IMAGING

» Using a micro-lens array




INTEGRAL IMAGING

» Using a micro-lens array
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INTEGRAL IMAGING

» Using a micro-lens array
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INTEGRAL IMAGING

» || Microscopy
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Opt. Express 9, 335-346 (2018)



HOLOGRAPHY

» Recording
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HOLOGRAPHY

» Recording
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HOLOGRAPHY

» Reconstruction
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» Rinsing
» Drying
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|6



HOLOGRAPHY
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DIGITAL HOLOGRAPHIC MICROSCOPY

»  Experimental arrangement




DIGITAL HOLOGRAPHIC MICROSCOPY
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DIGITAL HOLOGRAPHIC MICROSCOPY

Ef(.’ﬁ, 1, (f) — FT_l{[FT{Eq (.“I;" Y, 0)}]F‘c-ikd\/l—)\2-uz—,\21,-2}




DIGITAL HOLOGRAPHIC MICROSCOPY
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DIGITAL HOLOGRAPHIC MICROSCOPY

»  High lateral resolution down to 300nm

»  Nanometric thickness resolution
»  No contrast agents
»  Non-invasiveness

»  No phototoxicity

»  Speedy

» - Dynamic
»  Quantrtative
»  Multi-modal
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DHM APPLICATIONS

ITransparent specimen:

»  Biology applications
»  uFluidics

Reflective specimen:

»  Metallurgy and mechanical engineering applications

Any drawback?
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DIGITAL HOLOGRAPHIC MICROSCOPY

Technigue iImprovement:

Self-referencing Setups

Super-resolution Techniques

Integration with other methodologies:

Optical/Acoustical Trapping

Fluorescent/Hyperspectral/ Thermal lens/... Microscopy

Spectroscopy Techniques
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SELF-REFERENCING SCHEMES

»

Loyd's mirror

TN CMOS

Mirror

V. Chhaniwal et al., Opt. Lett., 37(24),2012
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SELF-REFERENCING SCHEMES

»

Binocular module
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S. Ebrahimi et al., Opt. Lett. 39(10),2014
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SELF-REFERENCING SCHEMES

»  Wide-field shearing
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P. Vora et al, ). Biomed.©pt.,2018



SELF-REFERENCING SCHEMES

» Variable shearing

SRM  Camera
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M.Allahpanahi et al., Biomed. Opt. Express. | 1(10), 2020
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SELF-REFERENCING SCHEMES

»  Mirau

Camcra

BS

Mirau-MO

Appl. Opt. 56(9), pp. D8-D 13,2017
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SELF-REFERENCING SCHEMES
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S. Mahajan et al., Opt. Lett.40(16),2015
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SUPER-RESOLUTION TECHNIQUES

»  Rayleigh criterion

0.614/NA

clearly resolved resolution limit

Resolution ~ 0.6 | A/NA
Dry objectives: NA < |.0
Medium immersion objectives: NA <1.5
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SUPER-RESOLUTION TECHNIQUES

»  Electron beam microscopes

»  Diffraction free microscopies; Near field
»  Clever ideas; SIM, PALM, STORM, STED...
»  Negative refractive index

»  Geometrical super-resolution

»  Micro-sphere assisted SR imaging

»  Some of the SR techniques may be applied to DHM

»  Microsphere assisted DHM

»  Structured illumination DHM

»  Obligue illumination

»  Novel beams (Laggurre-Gaussian, Bessel, Airy)



SUPER-RESOLUTION TECHNIQUES

Height [nm]

Height [nm]
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SUPER-RESOLUTION TECHNIQUES
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SUPER-RESOLUTION TECHNIQUES

hteh et al., Appl. Opt. 56(9), 2017
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SUPER-RESOLUTION TECHNIQUES
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DHM - OPTICAL TRAPPING

Schemes
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DHM - OPTICAL TRAPPING

» RBC
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DHM - ACOUSTICAL TRAPPING

» Schemes




I - ACOUSTICAL TRAPPING

» Schemes




DHM - FLUORESCENCE MICROSCOPY

X.Quan et al. Opt Rev (2015) 22:349-353

41



DHM - FLUORESCENCE MICROSCOPY

Schemes
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3D IMAGING APPLICATIONS

» Myelin figures

N. Fathi et al. Biomed. Opt. Express ' 1(I1),6324,2013 Matt. Lett. |73, pp. 162-166,2016
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» RBCs

3D IMAGING APPLICATIONS
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M.Aakhteh et al., Appl. Opt. 56(9), 2017
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3D IMAGING APPLICATIONS

» Nano-composites

V.Abbasian et al. Ultramicroscopy 185C, pp. 72-80, 2018
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» Metallurgy samples

3D IMAGING APPLICATIONS

Height [um] ; AFM (—) rDHM (---)
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Distance along the lines [um]

P.Asgari et al. Materials & Design 125, pp. 109-115,2017
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3D IMAGING APPLICATIONS

» Numerical focusing for 3D tracking

©y 1 3 [um]

Thickness [um]

V. Farzam Rad et al., Sci. Rep. 10, 2741, 2020
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» Numerical focusing for 3D tracking

3D IMAGING APPLICATIONS
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M. Charsooghi et al. Appl. Opt. 58(24), 2019

48




Institute for Advanced
Studies in Basic

Sciences (IASBS),
Zanjan, lran

Multi-Dimensional
Imaging and
Detection Lab.

Instituee for Advanced Studies -
In Baslc Sckences

ConuZang Dader. Y

l

W% Multi-Dimensional Imaging and Detection Laboratory

e s

About Us Fealured Researches

L L e i T F e T LR TTE T
ETUFCRCTE BT B B TH T P T HE | TR B PR

1 sl
TooAdvana e we maomngthe ivsgog e eddcns

Joasee
LU AN

Z. nlxlen Liraaw lxvigues wihoahod s od
v arots ont alenlcabozed watedh, werd
TUlk ol megrasrdcnisniciconcior.

Joo Mg litonz wwonx s phano=en P acliraner e
ARy comalos ord izt udics, ard ~ ol
enmens.

A Cewwlepng pecd st ard 2aeme e creaas
AppHevres

T skl el gare 0l o (S LI
R (T ER T DR LIE [ ] TS IR ER P [P R P T T S P
ST EESH P ECRRTER DRTITE TH B RRT TR B R TR R H T
Wenn Dineay ezl w0 bk g el

Conlacl

A Tincm e ng ot Do i Libooro s CATITN
R R S N B
9 e o Soateead Sl e I Sawds Sednater TLRRS)
150 F=l Vo' Srbha it B
L TS IXAIA o

A whe s imentida

M B oarre

- TS 21

O X [E W

-4 I3 2IH

nrorlaMoene el

S_eesed Rovton coen =

https://iasbs.ac.ir/~moradika




)
)

R

—

il

Multi-Dimensional Imaging
and Detection Laboratory

Physics Department, Institute for Advanced Studies in Basic Sciences (IASBS), Zanjan, lran

www.iasbs.ac.ir/~moradika/
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