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1. PHD PROJECT DESCRIPTION (4000 characters max., including the aims and work plan, all in 
English)  

Project title:  

Acousto-Optically Modulated Vector Beams in High-Resolution Biomedical Imaging 

1.1. Project goals 

• To combine acousto-optics and singular optics technologies in biomedical imaging 

• To develop methods for tuning the parameters of vector beams using acousto-optics 

• To study the advantages of singular optics in microscopy 

• To develop microscopy system employing tunable vector beam for high-resolution optical imaging 

1.2. Outline 

Recent advances in photonics has brought about a revolution in optical microscopy that now 
enables high-resolution visualization of biological objects at different scales of organization. The 
advances in optical engineering allows for the development of novel tools that can be used in 
the innovative optical microscopy [1]. Optical imaging has found numerous applications 
especially in biomedicine, where it offers potential to differentiate tissues without exogenous 
contrast. With these features, optical imaging technologies are becoming powerful clinical tools 
for non-invasive and objective diagnosis, guided treatment and monitoring therapies [1]. 

Optical vector beams represent non-standard optical fields, in which polarization depends 
also on the transverse coordinates across the beam. Light vortices have a variety of applications 
in optical manipulation, optical communications and microscopy [2-5]. Acousto-optics is a 
branch of science studying with the interaction of light with ultrasound. Acousto-optics 
represents the field with numerous applications. in particular, acousto-optic devices are heavily 
used in high-speed modulation of optical fields [6-8]. 

In spite of technology advances, modern optical imaging methods still exhibit several 
challenges which are mainly related to the ability of the system to distinguish details of the 
imaged object. This project aims at addressing these issues by using acousto-optofluidic devices 
and singular optics to shape the light. We would like to develop optical microscopy system 
utilizing specific tunable vortex beam for efficient three-dimensional imaging. 

In this project, the student will assess the performance of the high-resolution optical 
microscopy with switchable vector beams, and will apply the microscopic system in the imaging 
of biological samples. The project combines singular optics, acousto-optics and biophotonics to 
study new class of optical systems and its usefulness in imaging technologies. The results of the 
project will trigger the development of novel approaches to the field of high-speed imaging. 
Improvements in the performance of the optical instrumentation will represent a key step in 
developing tools for more efficient visualization of specimens with optical methods. 

1.3. Work plan 

• Theoretical study of the performance of an acousto-optic lens (modulator) illuminated with 
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light field of different phase and amplitude distribution. Experimental verification of the 
calculations 

• Assessment of the methods for generation of optical vortices (taking into account 
applicability in imaging system) 

• Comparison of the static and dynamic optical votrex 

• Design and optimization of the optical system with acousto-optically tunable vortex 

• Development of the system and comparison its performance with regular optical 
microscopy 
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1.5. Required initial knowledge and skills of the PhD candidate 

• Energy and motivation to conduct research and to turn challenges to opportunities, 

• Good communications skills, 

• Knowledge on theoretical or experimental optics, in particular on development of simple 
optical systems (advantageous), 

• Not required but welcome: basic skills in computer programming. 

1.6. Expected development of the PhD candidate’s knowledge and skills 

Core skills: 

• Integrated training in biomedical photonics, data acquisition and data processing, 

• Optical engineering methods and tools for design and optimization of advanced optical 
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systems, 

• Experience in development of advanced optical imaging modalities (microscopy, 
tomography etc.), 

• Knowledge on theoretical and experimental acousto-optics, 

• Knowledge on singular optics (e.g. optical vortices). 
Transferrable (soft) skills: 

• Analytical thinking, 

• Good laboratory practices, 

• Project management, 

• Science communication for different audiences (incl. oral and poster presentations), 

• Scientific writing, 
• Team work & international cooperation. 

 

  


