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Abstract 
 

ABSTRACT 
The biomedicine industry is rapidly growing and diagnosis requirements have also been 

increased from last few decades. Most of the biological specimens like HeLa, MG63, human 

MSc cell line, RBCs etc. are transparent in nature. A traditional optical microscope is well-

known technique to visualize micron size particles, but it fails to provide good contrast images of 

the transparent specimen. In abundant cases, the functional as well as quantitative information is 

required to analyze the effect of the diseases. Quantitative phase microscopy (QPI) works on the 

principle of wave-front distortion, where collimated beam illuminates the sample and depending 

upon the structure of the specimen; the wave-front got distorted which interferes with the 

reference beam wave-fronts to form the interference pattern on the CCD camera. This technique 

has been utilized to obtain various quantitative parameters like refractive index, cell thickness, 

phase etc. of the biological specimen. On the other hand, in fluorescence technique, the specimen 

is tagged with the specific dye which provides molecular specific information about the 

biological specimen.  

We have developed multi-modal systems that can be utilized to obtain multi-fold information at 

the same location of the specimen. These multi-modal bio-microscopic systems could be utilized 

for the diagnosis of various types of diseases. The improvement in spatial phase sensitivity is 

obtained and multi-fold information about the specimen is estimated with high accuracy and 

precision. By incorporating speckle-free light source, the spatial phase sensitivity is improved by 

an order of magnitude compared to the fully coherent light source. The resolution of the system 

also improves from 1.5μm to 1.1μm (Using 10x MO, NA=0.25).  
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Further, in the next work, we have performed two step phase improvements including 

experimental as well as computational approach. The location of the carrier peak is in sub-pixel, 

but the off-axis interferograms are analyzed using the Fourier fringe analysis method which 

limits the accuracy of the phase maps by pixel size. For experimental part, we have used spatially 

partially coherent light source and in computational approach, the hamming window is used for 

accurate estimation of the original signal frequency information and HR discrete Fourier 

transform (DFT) is used for sub-pixel accuracy in the estimation of the carrier peak location is 

obtained.   

Next work is conducted to improve the stability of the system.  The common-path sheared 

interferometer is developed with speckle-free illumination and the temporal phase stability of the 

system is estimated to be 0.0066 rad, which is much better compared to the off-axis systems. In 

another work, the multi-modal compact system is developed using sheared interferometer. The 

overall reduction in form factor of the system is achieved by employing shear plate additionally 

as a beam splitter for the fluorescence imaging part of the system. A compact total internal 

reflection fluorescence (TIRF) unit is fabricated with 3D printing and LED circuit assembly 

which is attached compactly with the interferometer to obtain multi-fold information of the 

biological specimen with high spatial phase sensitivity and high temporal stability. 

Then, we have developed a high-resolution WLQPN system that can be utilized to visualize 

nanoparticles and sub-cellular features of the biological specimens. The 5-phase shifting 

technique, along with deconvolution, is adopted to obtain super- resolution in phase imaging. 

The phase shifting technique can provide full detector resolution, making it beneficial as 

compared to the well-known Fourier analysis method. The Fourier transform method requires 

minimum angle of            , where    is maximum achievable spatial frequency. It limits the 
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highest achievable resolution to much below the actual diffraction limit of the system. Thus, to 

obtain a high-resolution phase map of the biological specimen, a two-step process is adopted. 

Firstly, the phase map is recovered using the 5-phase shifting algorithm, with full detector spatial 

resolution. Secondly, the complex field is obtained from the recovered phase map and further 

processed using the Richardson Lucy total variation deconvolution algorithm to obtain super-

resolution phase images. The present technique was tested on 1951 USAF resolution chart, 

200nm polystyrene beads and E-coli bacteria using a 50X, 0.55NA objective lens. The 200nm 

polystyrene beads are visually resolvable and sub-cellular features of the E-coli bacteria are also 

observed, suggesting a significant improvement in the resolution  

Finally, we have developed an adaptive optimization approach to reconstruct low fringe density 

interferogram in single shot with high-resolution. The simulation and experimental results 

obtained using the constraint optimization approach is compared with the Fourier transform and 

5-phase shifting results, and found that the optimization approach is much better as compared to 

the single-shot Fourier transform which provides significant improvement in the phase map.  

The present thesis will discuss improvements, advantages, challenges and developments in the 

system designing as well as in the numerical analysis methods for the betterment of the field.   
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3d-phase map corresponding to (c) 
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