Review of the doctoral thesis of Ing. Jiri Hlubuéek

»dingle-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:
e To modify a hyperspectral camera operating in a broad spectral range covered with up
to 100 spectral frames using CASSI approach.
e Design of methods for improvement of the compression ratio of the datacubes of HIS.
e 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:
e Application of the compressed sensing approach for the HSI detection of the chemical
contamination in the field.
e Determination of the limits of CASSI with focus on the high compression ratio.
e Design and realization of two complementary binary mask for differential CASSI
method.
e 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
e 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).
e C(larify, 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.
e 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 31%" January 2023
prof. Mgr. Petr Pata, Ph.D.
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Predkladand prace je vénovano tvorbé hyperspektralnich snimkda pomoci komprimovaného snimani. Autor
k tomuto ucelu vyuZivd metodu CASSI a zaméfuje se na jeji vyuZiti v infrafervené oblasti na intervalu
stfednich a dlouhych vinovych délek. Autor v praci vychazi ze souCasného stava poznani v tomto sméru a
snaZi se jej vylepSovat nejen po strance techniky snimdéni, ale i postupt pracovani a vyhodnoceni ziskanych
dat. VétSina prace je vénovana jiz zminénych vylepSeni, kteréd jsou testovany ve viditelné oblasti.
V posledni kapitole je na simulovanych piikladech popsana aplikovatelnost navrzenych vylepSeni pro jiz
zminéné IR snimani.

PoZadované hodnoceni prace:

a)

b)

d)

Price je vénovana velmi aktudlnimu tématu komprimovaného snimani a v mnoha aspektech se
autorovi svou védeckou &innosti povedlo vylepsit nékteré stavajici parametry dané techniky.
Napfiklad vyuzitim zero-order snimku (viz pfiloZené publikace 2,3,4).

Postup realizace prace a pouzité metody jsou plné v souladu s vytyéenymi cili. Metody byly nejen
vhodné zvoleny, ale 1 aplikovany. Student navic projevil zna&nou miru kreativity v jejich vyuZiti.
Pouzitelnost CASSI v IR oblasti student nicméné nakonec ukazal pouze na simulovanych datech.

Prezentované vysledky jsou originalni, pfinosné pro impaktovany obor a jsou vysledkem védecké
¢innosti predkladatele. K jejich realizaci vyuZival pouze kameru, ktera neni jeho autorskym dilem.
Ziskana data a pfipadné konstrukéni vylepSeni systému v§ak jiz spadaji do innosti pedkladatele.

Price je piehledné zpracovana ve formé reSerSe, ke které jsou priloZeny autorské CElanky
pfedkladatele. Je pséna v anglickém jazyce, étivé a s minimem jazykovych chyb. Zde bych vytknul
delku a rozsah reder3e, kterd by u prace tohoto typu mé&la byt rozsahlej$i. Minimalistické pojeti
prace je také vidét napriklad pfi popisu pouzité kamery (str. 18), kde je pouze konstatovano, Ze se
sklada z éodek, hranolu a mifZky, aniZ by byl vysvétlen vyznam jednotlivych komponent, piestoZe
funkénost a pienost kamery je zasadni pro kvalitu ziskanych vystupil. Uchazejici mi pFisla i kvalita
urcitych obrazk( a také bych doporuéil vyuZivat znafky fyzikalnich veli¢in, PouZivani celych
nazvll fyzikdlnich veli€in ve vzorcich opravdu neplisobi dobfe (str. 40), stejné jako vyuZivani
v textu terminu Taur misto 7 (kapitola 7).

Publikatnim vystupem Zadatcle jsou 4 impaktované publikace, kde 3 jsou v kvalitnich
impaktovanych €asopisech {Q1 — Q2) podléhajicim recenznimu Fizeni, coZ odpovidé publikaéni
¢innosti poZadované pro dany typ praci.

I pres formalni nedostatky prace (viz bod d) zadatel jednoznaéné prokazal schopnost samostatné a
tviiréi védecke ¢innosti a proto piedkladanou praci doporuuji k ebhajobé.



Otazky oponenia:

1} V préci na nékolika mistech uvadite omezeni aplikovatelnosti metody CASSI (omezeni na rozsah
soutasného stavu poznani, bylo moZno pouZit? Piipadné vjakych situacich olekavate jejiho
brzkého vyuZiti?

2} V zavérefné Casti price popisujete aplikovatelnost hyperspektralniho sniméni v IR oblasti.
Vysledky jsou sice zajimaveé, ale k pfimé komerini aplikaci je3td nejsou dostatedné. MiiZete na
zaklad& Vasich zkuSenosti odhadnout, co ve by bylo nutno vylepsit, aby se tato technologie mohla
prosadit?

V Praze, dne 2. 1. 2023 RNDr. Pavel Galaf, Ph.D
- / .
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