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Possible paths in digital holographic 

recording and reconstruction

At the moment recording and reconstruction of digital holograms 

of 2.5D object with significantly reduced angular size (a few degrees).

Problem:

Challange:

Provide digital holographic recording and optoelectronic reconstruction 

of truely three-dimensional (3D) object (360deg).
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Fundamentals and problems 

of optoelectronic reconstruction

)****(),( rekrekrekrekCCDLCDLCDLCDLCDrek IroIorIrrIooTAFyxI +++=g

gLCD ïLCDôs characteristic parameter,                 ALCDïSLMôs aperture

FLCDïsampling function which represent an influence of a modulatorôs pixel-structure 

TCCDïdigital hologram transmittance function 

IRekïreconstruction wave, o,rïconjugate amplitudes of an objective wave and rï

reference wave, respectively

O-E reconstruction utilizes a single SLM on which a digital hologram is 

displayed:

real image conjugated image

Both: real and conjugate images may be succesully used for 

observation during O-E reconstruction

LCOS SLM was identified as the for  most effective Ăholograpic materialò 

for O-E reconstruction
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Fundamentals and problems 
of optoelectronic reconstruction

Problems:

- periodical structure of a display Ą multiplication of images.

- usually smaller number of pixels than in a detector Ą information loss.

- different pixel size Ą rescale of distribution in a hologram

- small hologram aperture Ą a lack of both-eye observation and a full

three-dimensional perception 

Requirements for SLM (for 2.5D):

- displayôs high definition(small pixel size)

- sufficient hologram aperture (big number of pixels)

- high +1 order diffractive efficiency (phase modulator)

-linear relationship between DH and LCoS (calibration)

-minimalization of image multiplication (better S/N ratio)
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Goals of experiments

ÅIdentifying best type of hologram for O-E 
reconstruction of 2.5D object
Fourier, Fresnel, PSDH, rainbow

ÅIdentifying the principal problems with O-E 
reconstruction by means of LCOS

experiment based on CGH and DH

ÅSuggestions for O-E reconstruction of 3D 
objects (360deg)

static and variable in time objects
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CGH ïsimulation process (at the moment 2D object)

Object wave

Reference wave

Hologram plane

plane wave spectrum decomposition algorithm

plane amplitude transparency with 

random phase distribution

spherical beam, generated 

from off-axis point source 

located at the object plane

Fourier

Fresnel PSDH

plane wave with wave vector 

components kx = ky = 2p/(4ȹ) 

four reference waves 

are created with wave 

vector normal to the 

detector and i(p/2) 

mutual phase shift 

Basic registration configurations: CGH
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Basic registration configurations: Fourier DH

ÅCCD ïJAI, CV-A1

Åpixel size ï4,8 mm

Å1380x1035 pixels

ÅLCoS ïHoloeye HEO 1080P

Åpixel size ï8mm

Å1920x1080 pixels

Registration process Reconstruction process

a rescal effect: s = Dx1/Dx2  Ądô = d*(s)
2



Prague,  22-23 April, 2009 9

Basic registration configuration: 

Fresnel and PSDH

Registration process Reconstruction process

ÅCCD ïJAI, CV-A1

Åpixel size ï4,8 mm

Å1380x1035 pixels

ÅPS by PZT shift of M

ÅLCoS ïHoloeye HEO 1080P

Åpixel size ï8mm

Å1920x1080 pixels
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Rainbow holograms - registration

Å one step method

1 step DRH ïgood candidate for object vizualization, but no significant 3D effect

2 step DRH ïtypically used for CGH

Åtwo step method

'

111

11 ssf
=-

1st step 2nd step



Prague,  22-23 April, 2009 11

Basic registration configurations: rainbow DH

Registration process

(single stage RDH)

Reconstruction process

ÅCCD ïJAI, CV-A1

Åpixel size ï4,8 mm

Å1380x1035 pixels

ÅLCoS ïHoloeye HEO 1080P

Åpixel size ï8mm

Å1920x1080 pixels

IPH
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Parameters of optoelectronic reconstruction

Åregistration with CCD camera or CGH

Åreconstruction with LCoS display

Åreconstruction laser sourcel=532 nm

for rainbow DH: with white light source

Ådimensions of the registered objects: 

- CGH: gargoyle ï4,22x5,90mm (WxH)  

- toy ï30mm (H), 

- dice ï10x10x10mm  
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Computer generated holograms:

Comparison of optoelectronic reconstruction

Numerical reconstruction

Optoelectronic reconstruction

Fourier Fresnel PSDH
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Holograms of real objects:

Numerical reconstruction

Optoelectronic reconstruction

Comparison of optoelectronic and numerical 

reconstructions

Fourier Fresnel PSDH


