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Abstract 
 A real-time optical joint transform correlator for displacement or velocity measurement in speckle 
applications is described. The successive pattern from a light scattering object and after the displacement pass 
through a ferroelectric liquid crystal (FLC) polarization switch and a birefringent plate. The joint pattern is take 
by an FLC spatial light modulator (SLM) as a doubly exposed pattern. The joint transform correlation (JTC) is 
optically calculated from the joint pattern. 
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I. Introduction 
 The method of the JTC is frequently  used as a powerful tool for such as an object identification or a 
displacement measurement for speckle applications[1].In practice, how to generate or acquire a joint pattern is the 
key point to realize a fast real-time JTC. But, few papers have referred to the method to from a joint  transform 
pattern.  In this paper, the method of generating a joint pattern in real-time and the calculation of the JTC are 
presented. A combination of a twisted nematic liquid crystal cell and a birefringent plate is used to obtain a joint 
pattern in the previous paper[2]. But, by the employment of an FLC polarization switch, the faster generation of a 
joint pattern (the time required for the successive exposures is less than 1ms) is achieved. 
 
II. Generation of a Joint pattern 
 The main elements of the module to produce a spatially shifted joint pattern are an FLC polarization 
switch and a birefringent calcite (CaCO3) 
plate. A spatial offset between the successive two speckle patterns is introduced by this spatial shifter module. 
Consider the situation where a p-polarized pattern passes through an FLC polarization switch. The p-polarization 
of the pattern rotates 90°and becomes a s-polarized pattern when the applied voltage to the FLC switch is 
positive, while it remains unchanged when the applied voltage is negative. To give a spatial shift to the second 
pattern, a birefringent plate is inserted behind the FLC polarization switch. If the optic axis of the birefringent 
crystal is lying at the same plane as the p-polarization state under the configuration shown in Fig.1(a), the 
transmitted pattern through the birefringent plate becomes an o-ray and no spatial shift of the pattern occurs. On 
the other hand, the s-polarized beam becomes an e-ray after passing through the birefringent plate as shown in 
Fig.1(b). The spatial shifter consisting of an FLC switch and a birefringent plate is inserted in front of an FLC-
SLM and the joint pattern is taken by the FLC-SLM which plays an important role as a double exposure device. 
III. Experiments and Results 
 The experimental setup of the JTC is schematically shown in Fig.2. A ground glass plate is illuminated 
by a He-Ne laser. The thickness of the birefringent plate is 4.59mm, the amount of which corresponds to the 
pattern shift of 0.5mm at 633nm He-Ne laser wavelength. The speckle patterns before and after the displacement 
are doubly exposed by an FLC-SLM through the spatial shifter and then, the joint pattern is formed. The time 
separation of the successive exposures is determined by the time response of the FLC-SLM and it is set to be 
0.85ms. The polarization of speckle pattern is switched by the FLC polarization switch synchronized with the 
operation of the FLC-SLM. It is possible to set a shorter time separation  for the double exposures depending on 
the writing light intensity. 
 The joint transform pattern is optically Fourier transformed by a lens as shown in Fig.2. The power 
spectrum (a fringe pattern corresponding to speckle pairs on the FLC-SLM in our case) is taken by a CCD camera. 
The shutter speed of the camera is also synchronized with the FLC polarization switch and the FLC-SLM. The 
fringe pattern is read by a 1/30s TV frame rate and sent to the LCTV-SLM. Then the fringe pattern is again 
Fourier transformed by a lens. The transformed pattern is a joint transform correlation of the doubly exposed 
speckle patterns. Fig.3(a) shows an example of the fringe patterns taken by a CCD camera. Fig.3(b) is the final 
result of the joint transformed pattern produced by the fringe corresponding to Fig.3(b). The object displacement 
or the object velocity including the direction of motion is obtained from the position of the correlation peak 
calculated from the offset peak(i.e. the peak position of the correlation for zero displacement). 
 
IV. Conclusions 
 We have described the method to generate a joint pattern in speckle displacement or velocity 
measurement. An FLC polarization switch and a birefringent plate have been used to make a spatial shift of a 
speckle pattern. The joint pattern before and after the displacement of speckle patterns has been written onto an 
FLC-SLM which is operating synchronized with the FLC polarization switch. The joint pattern has been optically 
processed and the joint transform correlation pattern has been finally obtained. We have used a CCD camera and 
an LCTV-SLM, so that the sampling rate of data for the displacement or the velocity measurement was slow in 
the present system. But, if an another FLC-SLM is available, a faster sampling rate of the data can be achieved by 
synchronizing the second FLC-SLM with the FLC polarization switch and the first FLC-SLM. FLC device has 
the capability of a time response as faster as about 100ms or more. Therefore, the device will be a promising one 
for real-time optical processing. 
 The authors would like to thank T.Kurokawa for the use of the FLC-SLM device. 
 
References 
1. A. Ogiwara and J. Ohtsubo, Opt. Commun. 93 (1992) 234. 
2. X. Lin, J. Ohtsubo, and T. Takemori, Opt. Commun. to be published. 


