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Abstract

Most o f the optical information processing systems are designed to process 

two-dimensional (2-D) information or relay information between 2-D planes. The 

transition from two-dimensions to three-dimensions (3-D) is not straightforward. Majority 

o f the approaches for 3-D data sensing have focused on creating 3-D source models from 

data sensed in one or more 2-D planes. One such approach is digital holography, and this 

thesis discusses the application of digital holography for sensing 3-D data. In digital 

holography, the optical systems for recording digital holograms are almost the same as in 

analogue holography, the main difference being that CCD is used as a recording medium. 

But more importantly, as compared to analogue holography, digital holography has an 

additional degree o f freedom namely the computational degree o f freedom. Rather than 

following the object reconstruction approach in analogue holography, many o f the digital 

signal processing tools can be used to extract object information from the digital 

hologram.

This thesis demonstrates some approaches for recognition and classification o f 3-D 

amplitude and phase objects, and verifies the efficacy o f wavelet based image processing 

o f retrieved holographic 3-D object information in the form o f 2-D digital complex image 

to improve the discrimination capability o f the opto-electronic 3-D correlator. The need o f 

a computationally efficient algorithm is essential to extract whole information (amplitude 

and phase) from the sensed real-valued digital hologram data. Hence the motivation for 

developing quantitative amplitude and phase retrieval algorithms is pertinent to 3-D 

microscopic information processing. This will be a substitute for conventional phase 

contrast imaging and visualization. In this context, the thesis demonstrates microscopic 

whole object reconstruction algorithms which are quite different from the conventional 

approaches followed in digital holography. It is also demonstrated that the computational



degrees o f  freedom offered by digital holography can. be used to secure 3-D data which 

has immense implications for the design o f security systems for 3-D data.

The organization of the thesis

The present thesis reports the results o f investigations in the areas o f 3-D object 

recognition, object classification, algorithm for improving phase reconstruction in 3-D 

microscopy, and 3-D information security using digital holography. Recognition and 

classification o f amplitude and phase object are studied as separate cases. The efficacy o f 

wavelet based complex image processing has been demonstrated for better discrimination 

and classification capability o f a 3-D correlator. Reconstruction o f phase is important for 

the digital 3-D information processing applications such as phase contrast imaging, 

and 3-D object recognition etc. With this as the motivation, the thesis investigates new 

algorithms for the improvement o f phase reconstruction properties o f in-line digital 

holographic microscopy (DHM). In order to address the 3-D information security 

concerns, the thesis proposes methods for a new perspective o f complex information 

security in storage and transmission in the context o f digital holography. 

The present thesis has been organized in the form o f following chapters.

Chapter 1 contains an introduction and overview o f the research and 

developments in the area o f digital holography as relevant to 3-D object recognition, 

microscopy and information security. It gives a broad discussion on various techniques 

used for 3-D macroscopic and microscopic information processing using digital 

holography as well as other available methods. This chapter provides a background for 

problems dealt with in the areas of 3-D object recognition and classification, and includes 

a discussion on DHM and reveals the importance o f phase reconstruction. The chapter 

also contains a brief account o f the digital holographic information security based on 

double random phase encoding technique in various geometries and applications in the 

context o f  3-D information security in storage and transmission.



C h ap te r 2 presents the results o f investigations on the recognition and classification 

problem of 3-D amplitude and phase objects, with the help o f wavelet based image 

processing o f digital holographic data. The method uses single off-axis digital Fresnel 

hologram for retrieving the complex object information and used for recognition 

application. 2-D wavelets have been used as band pass filters in the Fourier domain to 

select the frequencies which discriminate between two classes o f objects. A mexican hat 

wavelet matched filter (WMF) has been used to enhance the correlation peak and 

discriminate between the objects. WMF performs wavelet transform (WT) to enhance 

significant features o f  the digital complex holographic images and the correlation o f  the so 

obtained WT coefficients in a  single step. This results in a better discrimination between 

the objects. Results compare the feasibility o f a WMF based object classifier with the 

conventional matched filter (MF) based classifier to classify four three-dimensional 

objects in a 3-D scene into TRUE or FALSE classes with minimal error. Experimental 

results and discussions are presented.

In the next step this chapter extends the investigations to recognition and 

classification o f 3-D phase objects. Phase objects are transparent objects and modulate 

only the phase o f the incoming light in an ideal case. In a practical situation such an 

object scatters or absorbs negligible amount o f light passing through it. Using digital 

holography, quantitative phase o f the 3-D object can be numerically reconstructed. The 

philosophy o f wavelet based image processing is applied to verify the object recognition 

and classification of the 3-D phase objects with minimal error. Experimental results and 

discussions are summarized for each case.

C h ap te r 3 reports new algorithms for improving phase reconstruction in an in-line 

DHM. In-line holographic microscopy with photons or electrons is based on the generic 

scheme o f Gabor’s holography. The strength o f its digital version lies in its ability to 

provide the quantitative phase reconstruction in addition to providing the intensity



information. Since the phase carries 3-D information, it can be used for 3-D microscopic 

information processing such as 3-D quantitative phase contrast microscopy, 3-D 

microscopic object recognition, and 3-D information transmission etc. The direct 

evaluation o f the Helm holtz-Kirchhoff integral is rewritten in the form o f convolution o f 

kernels for the computational purpose. Results show that modified numerical 

reconstruction by convolution method, the in-line holographic microscopic schemes with 

electrons and photons result in an improved phase reconstruction at a lesser computational 

cost. Results are presented from an experiment to demonstrate the proof o f the concept in 

the context o f in-line DHM, with diverging reference wave using photons.

The chapter also explains the use o f  plane wave illumination for reconstructing the 

in-line digital microscopic hologram that has been recorded with a diverging reference 

wave. As a result, modified distance o f propagation is chosen for the new image plane 

propagation. The method improves the phase reconstruction and gives additional 

magnification. The convolution method is used for the numerical reconstruction. 

Experimental results and discussions are presented for both the cases.

Chapter 4 reports a new method for securing digital holographic 3-D information 

by encrypting the Fresnel field. The complex Fresnel field contains 3-D information o f an 

object and can be retrieved from an optically generated and electronically detected single 

off-axis Fresnel hologram o f a 3-D object. The retrieved field gives the appearance o f a 

noise like distribution, primarily due to scattering nature o f the object and the resulting 

speckle noise which is a salient trait o f reconstruction process o f  a hologram. The chapter 

describes a possibility o f  securing holographic information by digital encoding o f  the 

Fresnel field. A single random phase Fourier plane encoding is carried out with an 

assumption that the noisy nature o f the complex field may be equivalent to the primary 

random mask bonded field as in the case of conventional double random phase Fourier 

plane encoding (DRPE). The analogy between the decryption process and numerical



reconstruction o f hologram leads to a single step reconstruction of complex object field 

from the encrypted Fresnel field, thus saving computational power. Encrypted Fresnel 

field may be transmitted through digital channels with security. The use o f  single off-axis 

hologram is helpful in zero-order and twin-image free reconstruction. The algorithm is 

explained with experimental results to support the robustness and proof o f the concept.

Chapter 5 discusses the whole information (amplitude and phase) security using 

digital holography that generalizes the full intensity or full phase encryption to complex or 

whole information encryption. For the demonstration purpose a complex input is used. A 

DRPE o f the complex input information in free-space propagation is performed to secure 

the holographic data. Encrypted in-line digital holograms are recorded using non-phase- 

shifting-two-intensity measurements. The complex encrypted field is retrieved from the 

encrypted real-valued digital holograms and used for decryption. The method is helpful to 

have d c and twin image free decryption to complex object field without phase shifting 

errors. The method can also be used to secure digital data in a ‘virtual optics’ mode using 

holographic principles, thus preserving the optical degrees o f freedom o f encoding in the 

digital domain. This chapter highlights the issues o f whole information security using 

digital holographic means by carrying out simulation studies to show the proof o f the 

concept.

In continuation o f the above studies, a complex information security scheme with 

generalized position phase-shifting method is also demonstrated. This avoids the 

assumption o f weaker object signal that is used in the previous method. The robustness 

o f  the method has also been studied for various security keys used in the method against 

blind decryption. A layer-by-layer information retrieval from the encrypted digital 

hologram is also discussed. Both the methods work well to secure digital complex 

information in a ‘virtual optics’ modality using holographic principle.



Chapter 6 presents results on error tolerance properties of the DRPE implemented 

in case of a lens-less whole (both amplitude and phase) information security system based 

on in-line digital holography. A generalized position phase shifting in-line digital 

holographic method is used as a tool. The effect o f perturbations due to both additive and 

multiplicative noises on the retrieved complex encrypted holograms is studied. The 

quality of the decrypted complex data is quantified by computing the mean-square-error. 

The chapter contains results o f the tolerance on the data loss and binarization o f encrypted 

retrieved complex holograms. Results from numerical experiments are presented.

Chapter 7 contains a summary o f important conclusions, and scope for future work 

concerning subject matter o f the thesis.
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