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ABSTRACT 

Automation of instruments is of utmost concern in the present information age 

characterized by phenomenal increase in the rate at which information is being 

disseminated. Financial and banking transactions are increasingly being conducted 

electronically. In such electronic transactions the unauthorized/fraudulent use need to be 

checked. An area where biometric is of considerable use in personal identification systems 

where the demand is for fast and reliable identification of people and verification of their 

documents. Tools based on principles of biometry are being used to ensure security, 

integrity and authentication of data. Faster and smarter systems, which have human like 

decision-making abilities, are required. Optical processing systems with their inherent 

parallelism and high connectivity have the potential to process large blocks of data in 

parallel. 

The research on the functions of brain has led to the development of paradigm based 

on mathematical neural networks (NNs), and is now being applied to variety of problems in 

many disciplines. While NNs can be, and are implemented entirely with electronic 

hardware, optics has a clear advantage in the task of interconnecting neurons. Unlike 

electronic signals, light beams do not interact with one another, permitting many 

connections to be made in the same space. 

There has been considerable interest in optical NNs for various applications in pattern 

recognition [Yu and Jutamulia, 1992]. Optical correlator is a unique form of NN [Verall 

1999; Rosen, 1993]. The product and sum of the weights and input pixels (neurons) are 

obtained at the output correlation plane. Optical correlators have been used by many 

researchers in NN [Casasent and Botha, 1992] as input to the NNs [Alkanhal et al, 1997], as 

one of the layers in a multi-layer network, and as templates for cellular neural networks 

[Zhang and Karim, 1999]. Correlator output has been used as an aid to iteratively generate 



filters using simulated annealing algorithm [Rosen et al, 1990], and also in associative 

memory system [Paek and Psaltis, 1987]. Li et al [1993] proposed and experimentally 

demonstrated a photorefractive-hologram-based network for real-time face recognition. 

Javidi et al [1995] described a nonlinear joint transform correlator (JTC) based two 

layer NN, the first layer of which was composed of eight hidden units. The second layer 

had one output, and was implemented electronically. Zhang et al [2001] used radial basis 

function (RBF) based networks for locating human eyes in facial images. Jutamulia [1994] 

discussed the application of JTC to supervised NN and the computation with N4  complexity 

using correlation peak intensity as the output node of the network. Here the NN performs 

as universal transformer that correctly maps a group of inputs into their specific outputs one 

at a time by the same interconnection. He described both supervised and unsupervised 

learning using JTC. Considerable work on optical NNs has been described by Yu and 

Jutamulia [1992; 1998]. 

Use of spatial frequency information is an important aspect of studies for pattern 

recognition. Diffraction pattern sampling has been used successfully [Lendaris and Stanley, 

1970] in the classification of images. Use of NNs and diffraction pattern sampling with a 

ring-wedge detector (RWD) leads to easier and faster algorithms for pattern recognition 

[George et al, 1989]. These algorithms take lesser programming and human hours to write 

them. Berfanger and George [1999] demonstrated high accuracy for recognition of 

fingerprints, including both orientation and wide scale-size independent sorting by using 

NN software, and ring only and wedge only data from a digital RWD. They simulated an 

analog multi-element array as an all-digital RWD combined with NNs, and applied such a 

digital RWD system to windowed sub-images, providing information on spatial frequency 

content as a function of position in the image. Berfanger and George [2000] used an all-

digital RWD system combined with NNs software to classify images according to 

numerical quality scales. 



Use of projected fringes for the measurement of surface shape [Chen et al, 2000; 

Zhang and Wei, 2002] is a non-contact optical method widely recognized as having 

potential in the measurement of 3-D diffuse objects. In manufacturing applications, non-

contact, automated surface measurement is a desirable alternative to micrometers and 

calipers. A variety of applications of 3-D shape measurement include control for vehicle 

guidance, dimension measurement for die development, stamping panel geometry checking 

and accurate stress/strain and vibration measurement. Fringe projection techniques may be 

used to recover depth range data [Su et al, 1992]. In fringe projection profilometry, a 

grating (Ronchi or sinusoidal) is projected onto the object under study. It is observed from a 

direction different from that of the projector, and a phase-modulated fringe grating is 

recorded. 

There are several techniques to demodulate the phase from the images of the 

projected grating. Phase can be estimated using conventional demodulation techniques such 

as phase shifting [Srinivasan et al, 1984], phase-locked loop (PLL) [Servin and Rodriguez-

Vera, 1993, Servin et al, 1999], spatial synchronous detection [Tang and Hung, 1990], and 

Fourier transform profilometry [Takeda and Mutoh, 1983; Su and Chen, 2001, Li et al, 

1990]. Cuevas et al [1999] have presented a method to calculate the object depth 

distribution from the demodulated phase by the use of RBFs based NNs. Input to RBFs 

based NN was the phase distribution from a set of planes inside the region where the depth 

data has been measured. The network operated as an interpolation function of phase values 

to the object height in places other than the calibrating planes. Cuevas et al [2000] in 

another application used multi-layer NN for such calibrations, by sampling the fringe 

pattern with a 5 x 5 pixel window. Set of such patterns and height directional gradients 

(calculated from pixels within that window) were used as training set to the multi-layer 



perceptron NN. They determined the depth of the object using path independent integration 

of the phase recovered using NNs. 

Methods using PLLs [Ochoa et al, 1995; Servin et al, 1994] have been preferred over 

the conventional techniques because the problem of phase unwrapping is not encountered 

while using PLL based methods. Cuevas et al [1999] used first-order PLL to estimate the 

phase of the fringes, and calculated height using NNs. Gdeisat et al [2000; 2002a; 2002b] 

presented the use of second-order PLL to demodulate fringe patterns. They found that the 

second-order PLL has better tracking ability, and noise immunity than the first-order PLL. 

Takeda and Yamamoto [1994] have proposed an interferometric technique for automated 

profilometry of diffuse objects. It is based on spatiotemporal specklegrams produced by a 

wavelength-shift interferometer with a laser diode as a frequency-tunable light source. The 

technique is interesting and can be a future trend for 3-D imaging. 

3-D shape measurement is also carried out by photogrammetry [Reich et al, 2000], 

which gives reconstruction of 3-D coordinates by combining two or more 2-D images taken 

from different point of views. The correspondence problem (i.e. the precise determination 

of the image coordinates of corresponding structures depends upon the complexity of the 

images and their determination is still an issue [Jarvis, 1983]. An anaglyph is produced by 

superimposing two viewed images made from laterally displaced centers of perspective 

[Western, 2002]. In anaglyph method an image for the right eye and an image for the left 

eye are drawn in a write-over manner with two different colors e. g. red and blue [Cox, 

1977]. The viewer puts on a pair of colored glasses which pass different colors to right and 

left eyes. Separately watching the breakdown images with a right eye and left eye can give 

the image a 3-D look. 

The proposed thesis reports the results of implementation of the architectures and 

methods for NNs in optics for pattern recognition and 3-D object shape measurement. 

These architectures use many degrees of freedom offered by an optical system to process 



information. Presented is a new optical NN algorithm based on JTC. Studies have been 

carried out on digital RWD using NN for diffraction pattern sampling. Fringe profilometry 

has been studied in terms of phase recovery and depth measurement using various 

algorithms. We have also demonstrated using NNs several methods for phase-to-depth 

conversion. Certain direct methods of fringes-to-depth conversion, without the knowledge 

of phase changes, have been proposed. 

Chapter 1 contains an introduction and overview of the research in the area of optical 

NNs. It includes discussion on implementation of NNs using optical /opto-electronic 

techniques and also on NNs applied to data collected by using optical techniques. 

Descriptions are given for face recognition and fingerprint identification techniques using 

optical NNs. It has a brief discussion on fringe profilometry. Techniques like Fourier 

transform profilometry, and first -and second -order PLLs have been described. Methods 

and need for phase unwrapping have been discussed. Various techniques of profilometry 

using NNs have been reviewed briefly. 

In chapter 2 we have discussed the use of JTC as a NN. We have included our 

network simulation results to generate composite images as weights. Dependence of the 

NN's performance on correlation performance measures, effect of change of learning rate, 

and number of iterations is presented. Discussed are the results of our simulations using the 

correlation performance measures like peak-to-correlation energy, Homer efficiency, 

signal- to-noise ratio and normalized correlation peak intensity. 

Chapter 3 reports the results of our study for the estimation of optimum dimensions 

of a digital RWD for sampling Fourier transforms. We formulated a new method for digital 

simulation of RWD. Effects of digital artifacts were studied in simulated RWDs of various 

sizes. Random matrices of various dimensions were Fourier transformed. The RWD 

simulated in the form a matrix, had set of pixels arranged in the shape of rings and wedges. 



Here face recognition using RWD has also been discussed. One of our aims was to 

determine classification accuracy as a function of size of the training set used. 

In Chapter 4 we have described our results on the use of RWD for face recognition. 

Our aim was to confirm the feasibility of using RWD sampled data for application in NNs 

for multi-face recognition. Fourier spectral intensities obtained by simulation and 

experiment were both tested for training and generalization of the network, which was 

studied as a function of learning rate and number of epochs. We also carried out study for 

the estimation of optimum dimensions of a digital RWD for sampling Fourier transforms of 

fingerprints. 

Chapter 5 gives the results of our investigations on fringe profilometry using RBF, 

and multi-layer perceptron NN [Haykin, 1994] models using Fourier transform and PLL 

phase recovery methods for object depth recovery. RBFs based NN calculates the depth of 

the object by adjusting weights of a linear combination of Gaussian functions using the 

experimental reference planes fixing the centers of the RBFs over samples of detected 

phases from calibration planes. RBFs based network is comparatively less time consuming, 

as the learning process does not require any iteration. We included multi-layer perceptron 

network for comparison of one process with the other. 

In yet another method we did direct mapping of depth from fringe patterns using 

multi-layer perceptron network. Here phases of the object or of the calibration planes are 

not required to be calculated. Instead, the images were sampled horizontally for the number 

of pixels same as the period of the image of the grating. We have also used NNs for 

processing the information contained in the photogrammametrically obtained images to 

estimate the depth. 

Chapter 6 gives results of our studies carried out on second-order PLL, first order 

PLL and Fourier transform profilometry. We observed that the second-order PLL recovers 

larger phase changes correctly compared to the first-order PLL. Here the phase recovery 



was studied in terms of loop gain coefficients for both PLLs. NNs were used to obtain 

depth information from phase planes and their known positions. The spatial period of the 

projected grating was calculated using Fourier transform of the image of the grating. An 

analysis has been presented of second- and first order loops in terms of performance 

comparison for extracting the phase information from fringe patterns. 

In chapter 7 we describe our work on 3-D shape recovery using NNs in 

photogrammetry. A proper scientific treatment of this subject is still in infancy. 

Chapter 8 contains a summary of important conclusions and scope for future work in the 

area of NNs in optics. It discusses need for establishing of international standards [Chen et 

al, 2000] to evaluate optical shape measurement systems, feasibility of implementation of 

SOFM photorefractive based NNs. New methods of 3-D shape measurements and their 

possible applications have also been discussed. Some of these also concern the use of 

optical NN for biometrics, robotic vision and biomedical imaging. 
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