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No  Scanning



 3D IMAGING
‣   Incoherent illumination
‣   Coherent illumination

‣   Integral imaging
‣   Digital holography

3

Integral Imaging: G. Lippmann 1908 Holography: D. Gabor 1971



INTEGRAL IMAGING

4

I(x, y, z = 0) = ∫ L(x, y, α, β) dα dβ

‣  Plenoptic function:

α

Angular info is lost!



INTEGRAL IMAGING
‣  Moving a single camera 

Opt. Express 20, 15481-15488 (2012) 
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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  



INTEGRAL IMAGING
‣  II Microscopy  

Opt. Express 9, 335-346 (2018) 



HOLOGRAPHY
‣  Recording     
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I1 = A A* eiϕ e−iϕ = |A |2 Phase is lost!

Aeiϕ



HOLOGRAPHY
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I2 = (A eiϕ + B)(A* e−iϕ + B*)

= |A |2 + |B |2 + AB* eiϕ + A*B e−iϕ

Aeiϕ

B

‣  Recording     



HOLOGRAPHY
‣  Reconstruction

‣  Development  
‣  Fixer Bath
‣  Rinsing
‣  Drying
‣  Illumination
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B I2 = B |A |2 + |BB |2 + A |B |2 eiϕ + A*B2 e−iϕ

B



HOLOGRAPHY
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‣    Experimental arrangement
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DIGITAL HOLOGRAPHIC MICROSCOPY



DIGITAL HOLOGRAPHIC MICROSCOPY
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DIGITAL HOLOGRAPHIC MICROSCOPY
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DIGITAL HOLOGRAPHIC MICROSCOPY
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‣   High lateral resolution down to 300nm
‣   Nanometric thickness resolution  
‣   No contrast agents
‣   Non-invasiveness
‣   No phototoxicity
‣   Speedy
‣   Dynamic
‣   Quantitative 
‣   Multi-modal 

DIGITAL HOLOGRAPHIC MICROSCOPY

:-)
lynceetec.com



DHM APPLICATIONS
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   Transparent specimen:

‣    Biology applications 
‣    µFluidics

   Reflective specimen:

‣    Metallurgy and mechanical engineering applications

Any drawback?
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DIGITAL HOLOGRAPHIC MICROSCOPY

Technique improvement:
       Self-referencing Setups

       Super-resolution Techniques

Integration with other methodologies: 
      Optical/Acoustical Trapping

       Fluorescent/Hyperspectral/ Thermal lens/… Microscopy 

       Spectroscopy Techniques
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V. Chhaniwal et al., Opt. Lett., 37(24), 2012

SELF-REFERENCING SCHEMES  
‣   Loyd’s mirror 
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S. Ebrahimi et al.,  Opt. Lett. 39(10), 2014  

 

‣   Binocular module

    

SELF-REFERENCING SCHEMES  



    

27P.  Vora et al,  J. Biomed. Opt.,2018 

SELF-REFERENCING SCHEMES  
‣   Wide-field shearing 

    



‣   Variable shearing
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M. Allahpanahi et al., Biomed. Opt.  Express. 11(10),  2020

SELF-REFERENCING SCHEMES  

a

b
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‣   Mirau

    

Mi
BS

M

sample
S

SELF-REFERENCING SCHEMES  

Appl. Opt. 56(9), pp. D8-D13, 2017



‣   Sagnac
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S. Mahajan et al., Opt.  Lett. 40(16), 2015

SELF-REFERENCING SCHEMES  
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SUPER-RESOLUTION TECHNIQUES 
‣   Rayleigh criterion
    

    Resolution ~ 0.61λ/NA
    Dry objectives: NA < 1.0   
    Medium immersion objectives:  NA <1.5



‣   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
‣   Oblique illumination 
‣   Novel beams (Laggurre-Gaussian, Bessel, Airy)

SUPER-RESOLUTION TECHNIQUES 



‣  
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SUPER-RESOLUTION TECHNIQUES 



‣  
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SUPER-RESOLUTION TECHNIQUES 
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‣  
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SUPER-RESOLUTION TECHNIQUES 

M. Aakhteh et al., Appl. Opt. 56(9), 2017



‣  
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SUPER-RESOLUTION TECHNIQUES 

Y. Ganjkhani et al., Opt. Comm. 2017.        V. Abbasian et al. J. Opt. 20(6), 065301, 2018



‣  Schemes
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DHM  -  OPTICAL TRAPPING 



‣  RBC
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DHM  -  OPTICAL TRAPPING 



‣  Schemes
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DHM  -  ACOUSTICAL TRAPPING 



‣  Schemes
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II  -  ACOUSTICAL TRAPPING 



‣ 

    

41

DHM  -  FLUORESCENCE MICROSCOPY

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



‣  Schemes
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DHM  -  FLUORESCENCE MICROSCOPY



 3D IMAGING APPLICATIONS
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‣  Myelin figures

    

Matt. Lett. 173, pp. 162-166, 2016N. Fathi et al. Biomed. Opt. Express 11(11), 6324, 2013



 3D IMAGING APPLICATIONS
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‣  RBCs

    

M. Aakhteh et al., Appl. Opt. 56(9), 2017



 3D IMAGING APPLICATIONS
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‣  Nano-composites

    

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



 3D IMAGING APPLICATIONS
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‣  Metallurgy samples

    

P. Asgari et al. Materials & Design 125, pp. 109-115, 2017



 3D IMAGING APPLICATIONS
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‣  Numerical focusing for 3D tracking

    

V. Farzam Rad et al., Sci. Rep. 10, 2741, 2020



 3D IMAGING APPLICATIONS
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‣  Numerical focusing for 3D tracking

    

M. Charsooghi et al. Appl. Opt. 58(24), 2019
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