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ABSTRACT

Optical interferometric techniques have proved enormous capabilities and potentials in
scientific, engineering and industrial measurements. The interferometric techniques
became more powerful and easy to implement after the invention of laser and holography.
Holography and speckle interferometry added new dimensions in the interferometry by
offering the capability to characterize rough mechanical surfaces with submicron accuracy
and made it a powerful tool for the scientists and engineers to solve many problems of
scientific and industrial importance. Further development in analog and digital electronics,
electronic imaging devices, high speed digital computers and reliable image processing
software has revolutionized optical measurement techniques. The optical interferometric
techniques have become automated, effective, and easier to visualize the measurement

results.

Digital speckle pattern interferometry (DSPI) and digital holographic interferometry (DHI)
are widely used promising evaluation optical measurement techniques. Both these
techniques are developed independently but can be regarded as two experimental
approaches of the same concept of interferometry for transparent, opaque and diffusely
scattering objects. The goal of this thesis is to design and develop the DSPI and DHI

systems for investigating the various scientific and industrial measurements.
The thesis is divided into six chapters:

Chapter 1 outlines the detailed description of DSPI and DHI and their applications in
metrology. A review of phase extraction techniques and proposed phase extraction method,

i.e. Riesz transform and monogenic signal, is described in detail. A brief description of



digital holography including the numerical reconstruction of digitally recorded holograms
is provided in the next section. A brief outline of the research contribution and scope of this

research work is presented at the end of the chapter.

Chapter 2 provides the application of DSPI for the measurement of temperature and
evaluation of temperature profile of diffusion, premixed and partially premixed flames
obtained from butane torch burner under the influence of uniform magnetic field, upward-

decreasing magnetic gradient field and upward-increasing magnetic gradient field.

Chapter 3 demonstrates the use of digital speckle pattern shearing interferometry (DSPSI)
where the shear is created by volume phase holographic grating to measure the temperature
and temperature profile of diffusion flame (candle flame). The proposed DSPSI system is

simple, compact, requires low mechanical stability and less vibration sensitive.

Chapter 4 describes an application of DSPI for the measurement of deformations and
strain-field distributions developed in cortical bone around orthodontic miniscrew implants

of different diameters and lengths inserted into the human maxilla is presented.

Chapter 5 demonstrates the application of Lensless Fourier transform digital holographic
interferometry (LLFTDHI) to study the effect of moisture on the dimensional changes of
different samples of wood. Further, investigations are done to determine the induced strain
due to the shrinkage of wood and to measure the hygroscopic shrinkage coefficients during

the convective drying process of differently treated seasoned woods.

Chapter 6 summarizes the main points of research work and also some potential further

development scopes related to our findings in optical metrology.

vi
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