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Abstract.  Invariant pattern recognition using a model of a coherent 
holographic correlator with liquid-crystal spatial light modulators 
as input devices has been experimentally analysed.
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ulator.

1. Introduction

The use of modern spatial light modulators (SLMs) as input 
devices  in  the  schemes  of  optoelectronic  image  correlators 
allows one to obtain processing speeds up to 1013 operations 
with integers per second or even more. Such high processing 
speeds make these systems very promising. The application 
of distortion invariant filters (DIFs) [1, 2] is an efficient way 
to obtain invariance of correlation pattern recognition when 
the object  to be  recognised  is distorted as  compared with a 
reference object due to various factors (rotation, variation in 
scale,  change  in  illumination  conditions,  etc.);  these  filters 
also make it possible to reduce the time of correlation recog-
nition and increase its flexibility. A DIF in the correlator opti-
cal scheme is a synthesised diffraction object (static or SLM-
formed hologram). In this paper, we report the results of syn-
thesising  DIFs  and  experiments  on  their  application  to 
correlation  pattern  recognition  in  the  scheme  of  coherent 
holographic  Van  der  Lugt  correlator  using  liquid-crystal 
SLMs as input devices.

2. Model scheme

A model  scheme  is  shown  in  Fig.  1.  The  light  source  is  a 
Nd : YVO4 laser generating the second harmonic with a wave-
length of 0.53 mm and a power of 30 mW. 

The  laser  radiation  intensity and polarisation state were 
controlled  using  two  crossed  polarisers.  The  laser  beam, 
formed by a collimating optical system (COS) with a cleaning 
unit, was applied to the first Fourier cascade. The input image 
was introduced using an SLM1 (Holoeye LC2002), operating 
in the regime of transmitted intensity modulation (modulator 

size 800 × 600 pixels, pixel size 32 mm). The holographic filter 
(Fourier  hologram)  was  introduced  in  the  common  focal 
plane of the first and second Fourier cascades using an SLM2 
(Holoeye Pluto VIS), operating in the regime of phase modu-
lation in reflection (modulator size 1920 × 1080 pixels, pixel 
size  8 mm).  SLM2 was  installed  on  an  optical  mount  with 
micrometer reading, which can be rotated around the optical 
axis.  Both  SLMs  were  controlled  by  personal  computers 
(PCs)  of  standard  configuration.  A  photodetector  array 
(PDA) of a standard 10-megapixel reflex camera was used as 
a detector of  the  images  formed by the second Fourier cas-
cade  of  the  correlator.  The  output  correlator  signals  were 
recorded in the RAW format as grayscale images with a 16-bit 
shade of gray.

3. Synthesis and realisation 
of holographic filters

The experiments on pattern recognition were performed using 
DIFs  of  two  types:  for  binary  contour  images  and  for 
greyscale  images.  The  corresponding  Fourier  hologram 
(holographic filter) was calculated for both DIFs. The holo-
gram response contains spatially separated regions with a d 
function  in  the zero order and  two conjugate  images of  the 
initial DIF in the (+1) and (–1) diffraction orders.

An invariant correlation filter with a linear phase coeffi-
cient (LPCC filter), which provides rotation invariance, was 
synthesised to recognise binary contour images [3]. A corre-
sponding holographic filter was calculated, different versions 
of which (binarised and with a  limited number of  transmis-
sion gradation levels) [4] were applied to the SLM. The exam-
ples  of  processed  binary  contour  image,  the  distribution of 
the filter real part, the calculated response of the holographic 
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Figure 1. Schematic of the experimental setup with spatial light modu-
lators (polarisers are omitted).
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filter,  and  the  measured  response  of  the  holographic  filter 
introduced using the SLM2 (Fig. 2) show the potential of an 
LPCC filter realisation for recognising binary contour images.

Similarly,  a  Gaussian – minimum  average  correlation 
energy (GMACE) filter was synthesised to process greyscale 
images [5]. The synthesised GMACE filter provides correla-
tion peak invariance under rotation of input greyscale image. 
The corresponding holographic  filter was calculated  for  the 
GMACE  filter.  The  examples  of  the  processed  greyscale 
image,  the distribution of  the  filter  real part,  the calculated 
response of the holographic filter, and the measured response 
of the holographic filter introduced using the SLM2 (Fig. 3) 

demonstrate  the  potential  of GMACE  filter  realisation  for 
recognising greyscale images.

4. Model signals

Optical  signals  were  recorded  in  the  output  plane  of  the 
system in the experiments. The output correlator field con-
tains a spatially separated zero-order input image and the 
convolution  and  correlation  regions  in  the  (+1)  and  (–1) 
diffraction  orders,  respectively.  The  experiments  showed 
that the correlation peak is retained while the input image 
is  rotated  in  the  total  angular  range  specified  in  the DIF 
synthesis.

Figure 4 shows the calculated (by numerical simulation) 
and measured optical signals in the correlator output plane. It 
can be seen that the experimental data are in good agreement 
with the simulation results.

5. Conclusions 

We developed an experimental model of a coherent correlator 
with  liquid-crystal  spatial  light  modulators  as  image  input 
devices and invariant correlation filters. It was experimentally 
shown  that  two  types of  invariant  correlation  filters  can be 
implemented:  one  with  a  minimum  correlation  energy  for 
processing greyscale images and the other with a linear phase 
coefficient for processing binary contour images. The model-
ling  results  show  that  correlation  peak  invariance  can  be 
obtained using invariant correlation filters in the form of syn-
thesised Fourier holograms.
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Figure 2. Recognisable image, invariant DIF, and optical response of 
the LPCC filter. (a) A binary contour image and the distribution of the 
LPCC filter real part (rotation invariance in the range from 0° to 180°), 
(b) the calculated response of the corresponding holographic filter bina-
rised  by  the Otsu method,  and  (c)  the measured  response  of  a  holo-
graphic  filter binarised by the Otsu method and  introduced using the 
SLM2. 
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Figure 3. Recognisable image, invariant DIF, and optical response of 
the GMACE filter. (a) A greyscale image and the distribution of the real 
part of the GMACE filter (rotation invariance in the range from 0° to 
90°), (b) the calculated response of the corresponding holographic filter, 
and (c) the measured response of the holographic filter introduced using 
the SLM2. 
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Figure 4. Output  signals  of  the  correlator model:  (a)  calculation,  (b) 
calculation (threshold 0.8), (c) experiment, and (d) experiment (thresh-
old 0.8). A holographic filter binarised by the Otsu method is used.
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