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HOPETJIEJAOKTOPCKE JTUCEPTALIUJE:

IVDOCTORAL DISSERTATION REVIEW

JlokTopcka aucepranuja je m3ioxkena Ha 176 crpane, odyxmara 43 rpadmukona,
2tabene, 48 cauka n 204 pedepenne. Hanucana je Ha eHriaeckoMm jesuky. Ha mouerky
JAUcCepTaIje 1aTa je K/by4Ha JOKYMeHTaluja, pe3uMe, caap:Kaj.




Jucepranuja cagp:ku ceaaM IOIJIaBJba:

YBoa

IIpuHUMIK MarHeTHe pe30HaHIle

PexoHcTpyKIMja CHUMAaKa MarHeTHe Pe30HaHIle U3 HEMOTIYHUX I0aTaKa

PexoHcTpyKIMja CcHHMaka MarHeTHe pe3oHaHHe ca MapkoB/beBHM

CJIy4YajHUM M0JbeM Ka0 MO/IeJIOM CHIHAjIa

5. TloxJenaH mocTynmak peKOHCTpPyKuHje ca MapKoB/beBHM CIYyYajHUM MOJ/bEM
Ka0 MO/IeJIOM CHTHAJIa

6. PexoHcTpyKnHje H3 Mepema 100MjeHHX ca BHIIIE KAJleMOBa

7. 3akpydnm

rPOONE

YBoa Aaje MOTHBaNUjy 32 Pa3Boj AJITOPUTAMA 32 PEKOHCTPYKIHUjy CHUMAKAa MATHETHE
pe3oHaHIe U 00yxBaTa nmperJye] nocrojehe sureparype Ha 1aTy TeMy. Y IOrJIaBby 2 ¢y
JaTH OCHOBHHM NPHHIMIIM TECHEPHCAbha CHTHAJA MAarHeTHe pe3OHaHIe, MOJAeJ 32
AKBH3HMIYHjy C/IMKe W Iperjel MeToAa PeKOHCTPYKILHje U3 MOTIYHOI CKyNa Mepema.
Tpehe morsab/be Aaje yBoA y TeOpHjcKe OCHOBe peTKe pelnpe3eHTalMje CUTHAJA U
BejBjeT TpaHcopManuja HeONXOJAHe 3a Pa3Boj AJIrOPUTMAa PEKOHCTPYKUMje H3
HenoTnyHux Mepewma. Ilornasbe oOyxBaTra M mperJieq Jureparype mnocrojehmx
ajgroputamMa. Y 4YeTBPTOM HOIVIAB/bY MNpelJOKeHAa CYy YeTHPH aJITOPUTMa 3a
PEKOHCTPYKIMjy CHIMAaKa MarHeTHe pe30HaHIe KOja KOpUCTe MOJieJl CHTHAJIa 0a3upaH
HA CTATHCTHYKOM Mojaeny MapKoB/beBOI CIy4ajHOTr Nnosba. PasBujeHun ajaroputvu cy
3aCHOBAHHU HA /IBAa ONTHMHU3ALMOHA NMPHUCTYNAa NPUWIMKOM eCTHMalMje cInKe, NPUCTYN
ca Jlarpam:xkoBuM Mmyatumimkatopuma u  AJIMM MeTrogoM MW NpHCTyn ca
KOMIIO3UTHOM MeTOoA0M pa3aBajama. Ilero mnoriaaembe aaje mpeasior mnoxjenHor
aJNropuTMa KOjU KOPHMCTH YCBOjeH MoJeJ CUrHaja Oasupan Ha MapKoB/beBOM
ciayyajaom nosby. Illlecro mornasibe 1aje npomupeme MeTole U3 YeTBPTOI MOIJIaB/ba
3a nmpo0JieM PEeKOHCTPYKLHje CIMKe MArHeTHe pe30HaHLe M3 Mepema J00MjeHux ca
BHUIIIe KaJIeMOBa. Y 3aK/bYUKY je JaT mperJej AONPUHOCA AUcepTaunuje, kao u Moryhu
NPAaBIY 32 Ja/be HCTPAKHBAILE.

Y okBHpY qHcepTalMje ce joll HaJla3e: JUTepPaTypa H mperjen Kby4HHX PeyH.

The doctoral dissertation is presented on 176 pages, includes 43 charts, 2 tables, 48
figures and 204 references. It is written in English. At the beginning of the dissertation,
key documentation, summary, and a table of contents are provided.

The dissertation contains seven chapters:

1. Introduction

2. Principles of MRI (Magnetic Resonance Imaging)

3. MRI recovery from partial data (Reconstruction of magnetic resonance
imaging from incomplete data)

4.  MRI reconstructions with MRF priors (reconstruction of magnetic resonance
imaging with Markov random field as a signal model)

5. Greedy reconstructions with MRF priors (Greedy reconstruction process with
Markov random field as a signal model)

6. Mulit-coil MRI reconstruction (Reconstruction from multi-coil measurements)

7. Conclusions

The introduction motivates the development of algorithms for the reconstruction of
magnetic resonance images and includes an overview of the existing literature on this
topic. Chapter 2 gives the basic principles of magnetic resonance signal generation, an
image acquisition model, and an overview of reconstruction methods from a complete
set of measurements. The third chapter provides an introduction to the theoretical
foundations of compressed sensing and wavelet-like transforms, which are necessary for
the development of a reconstruction algorithm from incomplete measurements. The
chapter also includes a literature overview of existing algorithms. Chapter four
proposes four algorithms for reconstructing magnetic resonance images using a signal




model based on a Markov random field model. The developed algorithms are based on
two optimization approaches for image estimation, an approach with Lagrangian
multipliers implemented as an ADMM-based method and an approach based on
composite-splitting. Chapter 5 provides a proposal for a greedy algorithm that uses the
adopted signal model based on a Markov random field prior. Chapter six provides an
extension of the method from Chapter four to the problem of magnetic resonance image
reconstruction from multi-coil measurements. The conclusion provides an overview of
the dissertation contributions, as well as possible directions for further research.

The dissertation also includes: bibliography and a list of symbols and acronyms.
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BPEJHOBAIGE ITOJEANMHUX JEJIOBA TOKTOPCKE JUCEPTAIIUJE:
EVALUATION OF PARTICULAR DOCTORAL DISSERTATION PARTS:

Y nmucepranuju je pasBHjeHa HOBa e(duKacHa MeToAa 3a peKOHCTpykuujy MPU-ja u3
nenuMuaHux OypujeoBuxkoedunujenara kopucrehu Mosen MapKoBBEBOT CITy4ajHOT 110Jba
3a KOH(pUTypanyjy mormope petkux koeduiujenata. OBO je mpBa [eTabHA CTYAHja O
pekoHcTpykuuju MPU 13 HemoTnyHuX Mepema ca KopuiihemeMMapKoBILEBOT CIy4ajHOT
MoJjha, Maja Cy MOTCHIMjajd TaKBOI MPHUCTYNa paHUje AEMOHCTPUPAHH XEYPUCTUYKOM
metonoMm JIaCb. V mopehemy ca JIaCh-om, HOBa MeTOma KOPWUCTH APYTaddjy TEXHUKY
ONTHMHU3AIIHje, ONMIITHju MapKOBJBEB MOJIET U MIOCTHXKE KOH3UCTEHTHO 00Jbe pe3yrare.

[Mpommpen je anroputam Gasupan Ha JlarpamwxoBum mynrumnkatopuma (L[-CAJICA) ca
npeaIokeHMM MapKoBJbEBUM MOJENOM CcHrHaia. KOHKpEeTHO, yBelIeH je HOBH KOpak
perynapusaiije Koju MpuxBaTa KOH(UTrypauuje moapuike (aBopu3oBaHe MapKOBIEEBUM
moenoM. Pesyntupajyhu anropuramJlaCAJlnocnento naamariyje [[-CAJICA.

PasBujena jeBapujanta JJaCAJl mocTymka ca peryjandjoM Koja yKJbydyjeMoiea Ha 0as3u
MapkoBibeBor mosba ¥ TB  HOpMy Kkoja mogatHo moOosbinaBa  nepdopMaHce
pekoHcTpykuuje. TemesbHa mporiena ce Bpum Ha MPU ckymoBuMa mojataka CTEUECHHM
peryJapHUM M HEperyJapHUM Mpexama oaabupama 3a Koje Cy CHUMYJIUpaHe pa3inuuTe
CTpaTeruje onabupama.

3a pamujanHo omabupaHe IMOJATKE y K-MPOCTOPY Ha HEPETYIAPHO] MPEXH H3BPIIEHO je&
oJabupare Ha OCHOBY pa3Mmaka mpoduiia 3maTHOT pa3Maka Kako Ou ce cMambuiia Hen30exHa
rpelika y KOpaKky HHTEepIoJalyje Ha peryiapHoj Mpexu. Pa3BujeHe MeTose 3acCHOBaHEe Ha
Mojie)Ty MapKOBJBEBOT TI0Jba TOKA3yjy jaCHO MO0OJbIake y mopehemy ca aarepHaTHBHUM
MeTo/ama.

[MpommpeH je MoJea CUTHAJA 3aCHUBAHOT Ha MapKOBJBEBOM CIIy4yajHOM II0JbYy Ha
AQHW30TPOIHY BEP3Hjy M NMpPEAJOKeHa eHKacHa NPOLeHa BEeroBux napamerapa. Ha ocHoBy
TeHepalHhjer Mojela Ha 0a3m MapKoBJEEBOr TOJba, NpeAiakeHa je Bep3djapUHOT-
nparoBama Kao (yHKUWjy perynapusanuje. Ca NpOLCHEHOM MOAPLIKOM CHIHAJIA Y
PETKOjperpe3eHTalllji KOji Ce KOPHUCTH 3a OfBajame Koe(HIMjeHaTa CIHWKE Yy JBE KJace,
3HayajHa M Oe3HayajHa, 3a CBaKy C€ M3BOJM pa3NMYUTa MpaBwia (HUHOT NparoBama.
Ilpemmoxena perynanusalyja 3acHOBaHAa Ha TeHEpalHHUjeM Mopeny MapKoBJEEBOT
CITydJajHOT 10Jba 3ajeHo ¢ TB-HOpMOM, MHTETrpHCcaHa je M TeCTHpaHa Y OKBHPY aJTOpUTMa
®IICA koju je mokazao g00pe neppopmance y mpodiemuma pekoncrpyknuje MPU crimke.

Pa3Bujena je meTona 3a pekoHCTpyKIHjy MPU u3 Mepema BUIIECTPYKUX 3aBOJHAIA. Y MECTO
PEKOHCTPYKIHje CBaKe CIIMKE 3aBOjHUIIEC 3aCeOHO, a 3aTUM KOMOMHOBAWKE CIUKA 3aBOjHUIIE
Ja Ou nobwnn koHauHy MP kommo3uTHy ciuky, kao mTo BehwHa HajcaBpeMeHHjHX
ajropuTama y napajeiaHoMm nojemasary MPU u pany, npeanakeH jeUTepaTHBHU MOCTYIIAK
KOjH 3ajeJTHO PEeKOHCTPYHIIIE CBE CIIMKE 3aBOJHUIIA. Y3HMMajy CEHENOTIYHH y30pLH Meperma
W3 CBUX 3aBOJHUIIA 3aj€HO Kao yJia3 y aJirOpUTaM HeJMHeapHe peKoHCTpyKiuje. Pa3BujeHa
METO/Ia je IPOLINPEHE alrOPUTMa 3aCHOBAHOT HAa ONTUMM3ALHUjH 32 PEKOHCTPYKIHU]Y CIIHKE
u3jeHe 3aBOJHUIIE, KOjH KOPHCTH CIIOKEHY peryiapusanujy Oa3upaHy Ha MOJEIy
MapxkoBsieeBor nossa u TB HopMme.

An efficient novel method for MRI reconstruction from partial Fourier data making use of a
Markov Random Field (MRF) prior for the support configurations of sparse coefficients has




been developed. To our knowledge, this is the first elaborate study on CS-MRI with MRF
priors, although the potentials of such an approach were earlier demonstrated with a heuristic
method named lattice split-Bregman (LaSB). Compared to LaSB, the new method employs a
different optimization technique, a more general MRF prior, and achieves consistently better
results.

A constrained split augmented Lagrangian shrinkage algorithm (C-SALSA) is extended with
an MRF prior. In particular, a new regularization step is introduced, which admits support
configurations favored by the prior model. The resulting algorithm, coined lattice split
augmented Lagrangian (LaSAL) outperforms consistently C-SALSA.

A new variant of the proposed method LaSAL has been developed with compound
regularization (MRF prior + TV norm), which further improves the reconstruction
performance. A thorough evaluation was performed on MRI data sets acquired on Cartesian
and non-Cartesian grids for which different undersampling strategies were simulated. For the
radially acquired k-space data on a non-Cartesian grid, undersampling was performed based
on the golden ratio profile spacing in order to reduce the inevitable errors in the interpolation
step on the Cartesian grid. MRF-based CS-MRI methods demonstrate a clear improvement
compared to alternative methods.

The MRF signal model is extended to an anisotropic version and an efficient estimation of
its parameters has been proposed. Based on the more general MRF prior, a soft-thresholding
version of the regularization function is proposed. The estimated signal support in the
transform domain separates the image coefficients into two classes: significant and
insignificant, and different soft-thresholding rules are derived for each class. The proposed
MRF regularization, together with the TV-regularization, is integrated and tested under the
fast composite splitting algorithm (FCSA) framework, which earlier showed good
performances in MRI image recovery problems.

A method for MRI reconstruction from undersampled multi-coil measurements has been
developed, in the so-called CS-pMRI setting. Instead of reconstructing each coil image
separately and then combining them to get the final MR composite image like most of the
state-of-the-art algorithms in parallel MRI (pMRI) setting did, a joint reconstruction
framework is proposed.

Undersampled measurements from all coils are taken together as an input to a nonlinear
reconstruction algorithm. The proposed method is an extension of one of the single-coil
reconstruction algorithms developed in this PhD thesis - the LaSAL optimization-based
algorithm with a compound regularization (MRF prior + TV norm).

VI CIIMCAK HAYYHUX U CTPYUHUX PAJOBA KOJU CY OBJAB/bEHU NJIN
IMPUXBAREHU 3A OBJAB/bUBAILE HA OCHOBYPE3YJITATA
HCTPAKUBAIBA Y OKBUPY PAJIA HA TJOKTOPCKOJ JUCEPTALINIA

VI LIST OF SCIENTIFIC AND PROFESSIONAL PUBLICATIONS PUBLISHED OR
ACCEPTED FOR PUBLISHING ON THE RESULTS OF RESEARCH IN THE
DOCTORAL DISSERTATION

Pani¢ M., Aelterman J., Crnojevi¢ V., PiZurica A. ‘Sparse recovery inmagnetic resonance
imaging with a Markov random field prior,” IEEETransactions on Medical Imaging, Vol.
36, No. 10, pp. 2104-2115,0ct. 2017.M21a

Pani¢ M., Aelterman J., Crnojevi¢ V., Pizurica A. ‘Compressed sensing in MRI witha
Markov random field prior for spatial clustering of subband coefficients,” 24th European
Signal Processing Conference (EUSIPCO), Budapest, Hungary, Aug. 29 - Sep. 02., pp.562-
566, IEEE, 2016.M33

Pani¢ M.,Vukobratovi¢ D., Crnojevi¢ V., Pizurica A. ‘Greedy MRI reconstruction using
Markov Random Field prior,” Proceedings of the IEICE Information and Communication
Technology Forum (ICTF 2017), Poznan, Poland, Jul 4-6, Polish Association of
Telecommunication Engineer, 2017. M33




Pani¢ M.,Jakoveti¢, D., Crnojevi¢, V. and Pizurica, A., ‘Image Inpainting and Demosaicing
via Total Variation and Markov Random Field-Based Modeling,” 26th Telecommunications
Forum (TELFOR), Belgrade, Serbia, Nov. 26-27, pp. 1-4, IEEE, 2018.M33

Pani¢ M.,Aelterman J., Crnojevi¢ V., Pizurica A. ‘Multi-coil magnetic resonance imaging
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Pani¢ M.,Vukobratovi¢ D., Crnojevi¢ V., Pizurica A. ‘Sparse MRI with a Markov Random
Field Prior for the Subband Coefficients,” Third International Traveling Workshop on
Interactions between Sparse models and Technology (iTWIST’16), Aalborg, Denmark,
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Vi
VI

3AK/bYUYIIN OJJHOCHO PE3YJITATH UCTPAKUBAIBA
CONCLUSIONS OR RESULTS OF RESEARCH

Ca MeTOA0JIOLIKOT CTAHOBHUILNTA, Y Te3W je NpeAcTaB/beH HU3 HOBHX JONPHHOCA,
yriiaBHOM oko0 kopumhema HanpeaHor MapkoB/beBOI 10Jba Yy Hpoluecy
pexkoHcTpykuuje ciauke marHetHe pezoHanune (MPH).Ocnamajyhu ce Ha mperxognu
pan, KaHAMJAT NpeAsiake No0O/BIIAKBA TAKO IITO OU ce TreHepaJu3upao NpPeTXOdHH
Mojaea1 MapkoBibeBor nosba y JlaCh Meroam W KopucTM/Ia Jpyradyuja crpareruja
onTuMu3aumje.Jlpyru 3aHUM/bMB JONPHHOC OJHOCH Ce HA Pa3B0Oj 3ajeJHUYKe MeTole
oonoBe mnapaseaHux MPH ¢ nperxognum uHpopmManmjaMa 0 CUTHAJY Ha OCHOBY
Mojena Ha O0asm MapkoB/beBOr ciay4ajHOr moJba.CBe IpeliosKeHe MeTojae
H3IJIelajyMaTeMAaTHYKH HCIPAaBHO, TeMe/bHO Cy TeCTHpPaHe M CHUMYJalHjoM W Ha
peannum noaaumma. PagoBum kanaupara o0jaBbenm cy peaom y UEEE TMU
(BpXyHCKH 4acomuc y Toj o0gacTu), a AeJoM y 300pPHUIMMAa MHTEPHALMOHATHUX
KOH(pepeHuuja.

From a methodological point of view, there are a number of novel contributions
presented in the thesis, mainly around the use of a Markov Random Field prior in the
reconstruction process. Building on previous work, the candidate proposes
improvements by generalizing the MRF prior that was earlier employed in LaSB and
exploiting a different optimization strategy. Another interesting contribution relates to
the development of a joint reconstruction method for parallel MRI with MRF priors.
All proposed methods seem mathematically sound and have been thoroughly tested
both with simulation and real data. The work has been published partly in IEEE TMI
(top journal in the field) and partly in conference proceedings.

VI

OIIEHA HAYMHA ITPUKA3A U TYMAYEIbA PE3YJIITATA UCTPAKKUBAIbBA

VIII. ASSESSMENT OF THE METHODS OF DISCLOSURE AND INTERPRETATION OF
RESEARCH RESULTS

Kangupat Mapko Ilanmh y normyHocTH je M3Beo HCTpakuBama Koja cy Ouiaa
npeasuljeHa nmjaHoM JaTUM y NpHjaBH AOKTopcke aucepranmje. IlenoxkynaH mpuka3s
AucepTaluje je 100po U jacHO CTPYKTypHpaH. Pe3yaTaTu cy AeTa/bHO U CHCTeMATH4YHO
HHTepnpeTUPaHUu W ynopeleHu ca pejeBaHTHMM MeToAaMa M3 o0JacTH. Beauxu 6poj
rpadpuuknx npukasa omoryhaBa jakmie padymeBame pe3yJiTaTa NPeACTAB/bEHUX Y
aucepranuju. U3BeneHu cy 3ak/by4liy yTeMe/beHH HA BEJIMKOM OpOjy eKclepuMeHaTa 1
Pa3HOBPCHHM MNOJAallMMa IITO NOKAa3yje Ja KAHAWAAT BJajJa MaTepHUjoM H Mocexyje
BHCOK HHBO 3Hama. Y CKJIaAy ca HaBeJeHHMM, KomMucHja IO3MTHBHO ouemyje HAYMH
NMPHKa3a ¥ TYMaderma pe3yJTaTa HCTPaKUBaba.

Jucepranuja je mpoBepeHa y codTBepy 3a aerekuujy miardjapusma iThenticate.
H3BeniTaj 0 mMoayAapHOCTH je MOKA3a0 Aa je JUCepPTaAlHja OPUTHHAIHO AyTOPCKO J€JI0
KaHIuIaTa.

Candidate Marko Pani¢ completed the research that was foreseen by the plan given in
his PhD application. The overall presentation of the dissertation is well-structured and
clear. The results have been thoroughly and systematically evaluated and interpreted in
comparison with the relevant methods in the field. A large number of graphical
representations makes it easier to understand the results presented in the dissertation.
Conclusions were drawn based on a large number of experiments and diverse data,
which shows that the candidate masters the field and has gained profound knowledge in




this area. In view of the above, the Committee evaluates positively the way the results of
the research are presented and interpreted.

The dissertation was verified in the iThenticate plagiarism detection software. The
coincidence report showed that the dissertation is the original copyright work of the
candidate.

IX
IX

KOHAYHA OIIEHA JOKTOPCKE JUCEPTALIUJE:
FINAL ASSESSMENT OF THE DOCTORAL DISSERTATION:

1.

Ja nmu je nucepranmja HamycaHa y CKIamy ca o0pasioKemeM HaBEeICHUM Y TIpHjaBH TeMe

JlokTopcka qucepTanMja y MOTIIYHOCTH je HAMKMCaHa y CKJIaIy ca 00pa3iioikemeM
HaBe/IeHUM y PUjaBU TeMe.

Is the dissertation written in accordance with the reasoning given in the application form?

The doctoral dissertation is completely written in accordance with the explanation
given in the application form of the thesis.

Ja mu aucepranuja caapKu CBe OUTHE eIeMEHTe

Jducepranuja caap:xu cBe OMTHe ejleMeHTe HAYYHO-HCTpakuBauykor pana. Tema,
cajip:kaj, mperJiel JMTepaType, MeTOA0JIOTHja, NPHKAa3 W TyMademe pe3yJTaTa
3aJ0B0/bABAjy 3aXTeBe HUBOA JOKTOPCKe AUcepTanmje.

Does the dissertation contain all the essentials elements of scientific work

The dissertation contains all the essential elements of scientific research. Topic,
content, literature review, methodology, presentation and interpretation of the results
meet the requirements of the doctoral dissertation level.

ITo yemy je aucepTalyja OpUruHaIaH JOIPUHOC HAYIU

JlokTopcka JucepTranmuja cagp:KM OPHUTHHAJIHE Hay4He /[ONPHHOCE Y JAOMEHY
MOJe/I0BaKka CHTHAJIa peTKe penpe3eHTanuje KopumhemeM CTATHCTHYKOr MoOJesa
MapkoB/beBOI CJAYYajHOT MO0/ba, AeUHMIUjH HOBOI THINA peryjapusaTropa M
H3BOhemy ajropuraMa peKOHCTPYKIHje 3aCHOBAHMM HAa ONTHMMH3aLMOHOM U
NMOXJIEMHOM MNPHCTYNY KOjH KOpHCTe MNpeAo:keH BHA peryjapu3anuje. W3BeneHu
AJITOPUTMHU CY TeCTHPAHHM AeTa/bHO HA Pa3IUYMTUM CKYNOBHMA CJIMKA U HHXOBE
nepgopmaHce cy nopehene ca neppopMaHcaMa TPEHYTHO peJIeBAHTHUX AJIOTOPHTaMa
y o0JacTu.

What makes a dissertation an original contribution to science?

The PhD dissertation contains original contributions to sparse image reconstruction
using Markov random field priors, development of new types of structured-sparsity
regularization, and derivation of optimization and greedy based reconstruction
algorithms with the proposed regularization approach. The derived algorithms have
been thoroughly evaluated with different datasets and their performances showed
improvements compared to the current state-of-the-art algorithms in the field.

HenocTanu nucepranuje ¥ \BUXOB YTHUIIA] HA Pe3yITaT HCTPAKUBAHA
Jucepranuja HeMa HelOCTATKe KOJH YTHYY HA pe3yJiTaTe HCTPAKABabA.

Disadvantages of the dissertation and their impact on the research result

The dissertation has no flaws that affect the research results.
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MPEJIOT:
PROPOSAL:

Ha ocHOBY yKyITHE OlleHe AucepTainje, KOMUCH]a peiaxe:




- ]Ja ce JOKTOPCKAa AMcepTalHja Mo HA3UBOM PeKkoHCTpyKIMja CMTHAJIA U3 HEMOTIIYHHX
Mepema ca MPUMEHOM Y y0p3amy ajiropuTaMa 3a PeKOHCTPYKIHjy CIHMKe MarHeTHe
pe3oHaHUe (Ha3uMB Ha enrjeckom: “Image Reconstruction from Undersampled Data
with Application to Accelerated Magnetic Resonance Imaging®“) npuxsatu, a
kanaugaty Mapky Ilanuhy ono0pu ogdpana.

Based on the overall assessment of the thesis, the committee proposes:
- to accept the doctoral dissertation entitled “Image Reconstruction from Undersampled
Data with Application to Accelerated Magnetic Resonance Imaging” and to admit the
candidate Marko Pani¢ to the public defence of his PhD.

IMMOTIIMCH YIAHOBA KOMUCHIJE
(SIGNATURES OF EXAMINATION COMMITTEE MEMBERS)

Ip Gert De Cooman, penoBHU npodecop,
YHusepsurer y ['enty

Hp Jbusbana [Inatuiia, Hay4Hu capajiHuK,

Jp Brnagumup LlpHojeBuh, penoBau mpodecop, YHuusepsurer y ['enty
Yuusepsurer y HoBom Cany

MenTop: p Anexcannpa [Inxypuna, BaHpeHu

Jp Jan Sijbers, penosau npodecop, YHUBEP3UTET npocbecop, Yupepsuter y ety

y AHTBepIeHy
Jp Pim Pullens, Hay4Hu capamHuk, Y HUBEp3UTET Mentop: [p [ejan BykoGparosuh, penosan
y enry npodecop, Yausepsurer y Hoom Cany

HATIOMEHA: Unan koMHCH]j€ KOjH HE JKeJIM J1a MOTIIHIIEC U3BEIITa] jep Ce HE CIIaXKe Ca MUIILJBCHHEM
BehuHe YIaHOBa KOMHCH]E, Iy)KaH je Ja YHECe Y M3BeIlTaj 00pa3ioKemhe 0OJHOCHO pa3jiore 300r KOjux
HE XKCJIU J1a ITOTIIUIIIC I/I3BCHITaj.

NOTE: A member of the committee who does not wish to sign the report because he or she does not
agree with the opinion of the majority of committee members is obliged to include in the report a
justification or reasons for not wanting to sign the report.



