
Review of the doctoral thesis of Ing. Jiří Hlubuček 

„Single-snapshot compressive hyperspectral imaging using coded aperture“ 

 

The doctoral thesis is focused on the study of methods for Coded Aperture Snapshot Spectral 

Imaging (CASSI) for the hyperspectral imaging system. The work is divided into eight chapters 

which discuss the theoretical background, state of the art, objectives, experimental and 

simulation achieved result and conclusion. The work is based on four papers published in 

journals and conferences. The formal level of the dissertation level is excellent, it is well-written 

with a logical structure.   

 

Relevance of the subject of the doctoral thesis  

The hyperspectral imaging technique is a rapid development branch that conducts photonics, 

optics, and image processing. The author of the thesis shows a very good knowledge of the 

state-of-the-art challenges in this topic with a focus on the CASSI approach. Chapters 1 and 2 

give a lot of relevant references to the work of other teams. The main objectives of the thesis 

are formulated in section 2.4 and contain: 

• To modify a hyperspectral camera operating in a broad spectral range covered with up 

to 100 spectral frames using CASSI approach. 

• Design of methods for improvement of the compression ratio of the datacubes of HIS. 

• Propose a model of the system for testing the real-life CASSI datacube with respect to 

IR CASSI imaging. 

All these goals have been fulfilled. 

 

Methodology of the work 

The working methodology were chosen as adequate for the set of objectives. The experimental 

part has been based on the previous work of the TOPTEC research center (hyperspectral 

detection system). The modification of the devices is described in section 3.1.2. Two 

complementary random masks have been prepared for tests. Chapters 5 and 6 are devoted to 

data reconstruction and simulation. The hyperspectral imaging extension to the IR region is 

logically arranged to the chapter 7. The test objects contaminated with a suitable chemical agent 

have been used and the robustness method versus noise have been studied. An important proof 

of the methodology is also acceptance of several papers in peer-review conference proceedings 

and journal papers.  

 



Results of the doctoral thesis   

The doctoral thesis has brought important results in the hyperspectral imaging using CASSI 

approach. These results can be identified as the most important: 

• Application of the compressed sensing approach for the HSI detection of the chemical 

contamination in the field. 

• Determination of the limits of CASSI with focus on the high compression ratio. 

• Design and realization of two complementary binary mask for differential CASSI 

method.   

• Novel post-processing reconstruction techniques for binary mask and achievement of 

good results for high compression ratio with relation to the PSNR. 

The doctoral thesis was presented in two journal papers (Optics Letters, Applied Optics) and 

two conference proceedings (Eurasip, OSA proceeding). This work is highly cited by the 

community (see Google Scholar author profile).  Achieved results shows that methodology was 

selected and applied properly. 

 

Questions to the candidate 

• Explain, please, influence of the imaging system aberrations on the quality of results 

(section 3.1.4, fig.12)? Especially with relation of spatial resolution of the random mask 

(number of samples, size). 

• Clarify, please, dependency between SNR and PSNR in the figs. 25, 26, 27. The 

difference between the data values,  mean and the best fit is not clear to me. 

• Which quality parameter (SNR, PSNR, SSIM, SAM, SAM_chem) is the most suitable 

for the quality assessment for high noise images. 

 

Conclusion  

The candidate is familiar with the scientific work, and he has proven his scientific excellence. 

The dissertation thesis is based on published contributions in recognized international journals 

and at international conferences. The work is presented logically, interestingly with clear 

objectives and results. Therefore, the dissertation thesis meets the requirements for independent 

doctoral level research. 

Based on the review above, hereby I do RECOMMEND the doctoral thesis for the defense. 

 

Prague, the 31st January 2023 

      prof. Mgr. Petr Páta, Ph.D. 
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