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Fundamental differences between imaging with 
coherent and spatially incoherent light

Coherent Imaging Spatially incoherent Imaging

Needs a coherent light source such as laser Low cost LEDs or natural light

Suffers from speckle noise No speckle noise

Edge ringing effects No edge ringing effects

Narrow bandwidth of MTF Twice the bandwidth of MTF of coherent light

L

IO IO

LL

I

O

L

I

O

A coherent imaging system is linear in 
complex amplitude.

An incoherent imaging system is 
linear in intensity.
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Coherent systems Incoherent systems
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Fourier Optics – 
J. W. Goodman

Fundamental differences between imaging with 
coherent and spatially incoherent light
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Fresnel incoherent correlation holography (FINCH)

Prof. Joseph Rosen
Ben Gurion University (Israel)

Prof. Gary Brooker
John Hopkins University (USA)

Random phase mask Binarized random phase mask Lens - 1Theta = 0 degrees Theta = 120 degrees Theta = 240 degrees

Opt. Lett. 32, 912-914 (2007)



Fresnel incoherent correlation holography (FINCH)

Opt. Lett. 32, 912-914 (2007)

Binary random 
phase mask

Phase mask 1
Theta = 0  degrees

Phase mask 2
Theta = 120  degrees

Phase mask 3
Theta = 240  degrees Test object

Object hologram 1
Theta = 0  degrees 

Object hologram 2
Theta = 120  degrees 

Object hologram 3
Theta = 240  degrees 

Amplitude of 
complex hologram

Phase of complex 
hologram

Reconstruction 
result



Fresnel incoherent correlation holography (FINCH)

Nature Photonics. 2008;2(3):190-5.

Conventional imaging

FINCH FINCH-Scope

Reconstruction results

38 μm 84 μm
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Lagrange invariant condition and super resolution

Lagrange Invariant condition also called as 
Smith–Helmholtz formula states that the 
magnification between two points is same as 
magnification of the point.  

Lagrange Invariant condition 
satisfied.

Lagrange Invariant condition not 
satisfied.

Lagrange Invariant condition not 
satisfied and super resolution.

Opt. Express 22, 29048-29066 (2014).

f0-f0 fx-2f0 2f0



Lagrange invariant condition and super resolution

Nature Photonics 10, 802–808 (2016) and Celloptic Inc

Wide field fluorescence microscopy FINCH

Fundic stomach fluorescence
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Evolution of FINCH

Optical configuration

Holograms Reconstruction results

Opt. Lett. 43, 1698-1701 (2018)



Evolution of FINCH

Optical configuration

Reconstructions

Opt. Lett. 42, 383-386 (2017)

Reconstruction

Optics letters. 2011;36(16):3254-6.
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FINCH as a resolution booster

fx

MTF

fy

Blue – Direct imaging,
 Red - FINCH

SIM FINCH-SIM

Opt. Lett. 41, 1558-1561 (2016).
Optica 4, 932-939 (2017)
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Linear imaging systems – Vending machine concept



Indirect imaging concepts

19

Point object

Optical system

PSF

Object

Optical system

Output

Monitor

Linear imaging systems – Vending machine concept



Convolution & Correlation – Mathematical form

 =

F ×FF-1

Convolution

* =

F ×FF-1

Correlation

Complex conjugate



Single camera shot FINCH
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* = * Correlation operator

Optical 
configuration

Opto-Electron Adv 3, 200004 (2020). 



Single camera shot FINCH

Vijayakumar A, Katkus T, Lundgaard S, Linklater D P, Ivanova E P et al. 
Fresnel incoherent correlation holography with single camera shot. 
Opto-Electron Adv 3, 200004 (2020). 

Fabrication results Single plane results

Super resolution demonstration

3D reconstruction
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Conclusion

• FINCH is a super-resolution imaging technique with a resolution enhancement of 
about 1.5 times compared to a direct imaging system.

• FINCH has entered commercialization and is now available as FINCH and CINCH at 
Celloptic Inc – Founders Rosen and Brooker.

• FINCH still requires at least three camera shots to reconstruct the object 
information and so requires an SLM.

• Single shot FINCH has been successfully demonstrated using pattern recognition 
approach

Future works

• A new reconstruction algorithm – Lucy-Richardson-Rosen algorithm is developed 
to achieve single shot in FINCH. 

• CIPHR group and Prof. Rosen looking into AI based reconstruction possibilities 
from single shot.

Direct imaging FINCH (3 shots)

FINCH (1 shot) 
and NLR

FINCH (1 shot) 
and LRRA
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Vijayakumar Anand et al, Single-shot mid-infrared incoherent holography using 
Lucy-Richardson-Rosen algorithm, Opto-Electronic Science (2022). DOI: 
10.29026/oes.2022.210006

https://dx.doi.org/10.29026/oes.2022.210006
https://dx.doi.org/10.29026/oes.2022.210006
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Funded projects 
(PhD, Masters and Bachelor thesis)



Questions 
???
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