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Thesis: }írrrrrerical a,rrd rrrac}rinr: learnirtg nethoris fol rnec]ica.l itlrirgc prote§sillg

The srrbnittecl rloctol,al tlresis rleals rvith nrrmerica,l a,ncl naclritte l,t_,zrrttirrg trretirorls fol prrl
l;tllisilrg of clert.ir in tnagneti<l lesol]ance ilnirging íl,íR,{), T]:e tllrlsjs is dirricled it]ttl scvel'n1 rtt;t,ilt

l)art,§:

1. sigrreci-eListttnce fimction based rtlgisl,ration oťitrragesT.vith varving itlage intensit-l'(clrrrp-
ter 2),

2. rnechrrn,ict,il atrrl inraging nroclcls in inrage registl,al,ion (<_,lrapter 13),

i]. estirrraticlrr of lelt vetrtricrtlar torsiorr (chapťer ,í).

4. ituagi.+ etrlratrcerttent bv solvirrg ittvetse difftrsiorr eqrration (chapter 5),

Ď. cstinra,tion of fi relaxation timel ťrorrr cardiac X,IRT da,ta (chapter {1).

1rr cirapter 2. the aut]rol preserrts a ner,il nret}roc1 for regi-strat;iotr of irrrtrges.,vitir varvirlg itlt,i:rr-

sitl,. l\ecessitl,to register such images i}i]pears in processing of \{OILI (,\{clcliíieri J,ook-T,ockel

Inr.ersion lec]overy) sequences for evahtation oť ECV (extracelular rrolutne) irr rrr_vrtcar<lirtrtl. Tlitl
difficl_r]tv cglnes frr:nt tlte fact that we neecl to register trro intages rvitli dífferertt inirge interisit,t,.

Colnrtrrltr itrtage registratiol met]rocls ca,nnot be used .since t.lrel, rely, rlrr cr,rtrst.atll irrrage itttt,tr-

sjtv of relaterl pixels. Tlre rrrethclcl proposeri bv the authol is riot baser1 oti legísttlririg pixr:lr

r.vitlt the sanlr: intettsity but rather oIr registratir.lrl of s}rapes. Tire object, oí irrtelest. t,lrir'lr i;
tlre ntvocarcliurrr in t]ris case, is segrrretrterl irr t}re first step. Tlre seglrlerrtalion c{;tttlotr,s art'

t}:.elr r.L-setl as i.r,u itliíia] sirape for conrputation of |hs signerl-ciistancc frrnction (SDF). '|lris ítrnr:,

rion al]orvs extrapolatiol of tlre sirape er.t:rr to regions flrrtlrer fi,om t}re segment,atiol] (:()]lt()llr,c.

'Ilre regístration is t}ten pcrfornred on SDF irrsteirrl oť the inrage itttensitv lirtlr:tiott. T}te rterv

nrctlroci is conpared q,il,h a state-of-tlre-art nrei.hocl firi'image registrati<ln - t]re trruttlal irrfar-

trtat,ion rrrilrirrlizatit;tr, The corrrparison slrows tlrat in tlris sl;ecific pro)llern, the ur:rv melhor]

pelfrlt,rrts bettcr, The net, methocl clescriberl in tlris {rhaptel is a sr.tli.ject t:Í y,aptl |2i.
In c,ltaptr,ll, i,}. tlre rr,rrth<)r pre§cnt§ another registration l}leihod. Irr t}ris clLsc, },lRí drrta. rvitir

tagging are su}:ject oť t,ire t,tlgi-stratiott, R,egistratirltr clí such ciatil, allorvs bettel ana}.vsis of titt,
lnotion oí ml,r;cat,ditl11 we talk aborrt nrotiotr extra,ct,ion. The nlain clií}icrrltv lrerc lolrrr.,s

ít,onr va,rl,irrg clualit1,, oi N,1RI data. Tlre ratio of noise to signal can be ver1,, }rig}r,irr l,{Rl in,lrjtir

nra_r, signifi,cant11,, affcct ihe final registration. Tb trra}re t}N: rnetliod ntlre robr-isť-, i}tc aL;llpr"
pfopo§es a lrgw lrret}nr1 usítrg rnechanir:s-lla,ser1 rcgriiaúza!,itlll to t;xprt-,ss thc clastic própeíti{,'$ oí
tttvcllarttiltrii alt(l an irnriging uitldel rvhiclr gerrcrates §},I}thetic t,;rggr:cl intages, 'I'itr: lttlrv lnt'thor"l

hrrs lreen testgd oniv rlt,l s_vnthct,ic riallir, stl fa,r. ltr.s allplir:atit_xi lltl rtal rla,ta lvil] 1lt: stti.l.itlt,l r:l

itttrtrr. l,ť9r,;tt,,}t, 'l]lt., ltt,,t lrrlr] is a srrh,ir,ct of 1lalrr,r: l ,



Irr c,lra1ller 4. es|itriatiorr of jcl| r,tlitlicrtlar tcirgiritt is sludied. T]re cirlttlirlrrte ;rga,ilr dcals
,,r,iIlt thtl rnotiotr extrtlt:t,iotl, sllccificltrli1., witir clet,eclir_ln of tx,i,*|ing rnoťir:rr rltrl,irrg velrtric,uiar
(ol}tlaction. Cotrrltxlrt rntlt}rotls for llie tlroticxl estirrraliorr exlribit lalgc va,r,iatrcc oť oblaitteri

rlser1 itt the pleviotts clrapter,. Irr tlrrs crrse. i]I] NiI].l rlata ale firsl seglf}c}}tcd alrrl tlie scgItttltrter1

regioti is coverctl bv j]D rriesh wlric]r is r.rscxi lilr tlre ttnrnerical approxirriatiott of t}ic c]irstir: tr-trltirx't

lttc;t.sttl,*.lr,i trvis1,. Tlrc rllct,ho(l is :r srrllject oť 1laileL i:1'

tlrt lhc itnirg'r,: intetrsit"1'frrlrr:riotr. Tlrereí'ole t]rc solrrl,ion rlť |}re ittvelse ltcat, tlrlttaiir)li {],tu ],}(] ii

|btl ltr:at txltialioti. Itl rltltcr rr.orcls. r,ve aitn to finrl íhc irlitia], c:outliliotl li-lr Llr hcitt i'{1ltiil i, ,]l

slrcli 11iat 1,irc tirral solntiotr fits tlre gil,crr Il1ttrrt,tl irui,rges btrst. 'flris optinrizatiorr plollielrt cati'i.le

solr,tr1 ]:v tlrr,, glaclieni clt,ls<:ent rrretlrtlc.l . t-'clttttnon er.aluii,tiolr oť the glirdir-,rrt is cottlprrtar,itluiri]r'

ttrll cx1_1eltsir.l:, Allet,rratir..r: allprloar,lr is |cl clerive ir so-rlirl}ed adioint equilti()ri rr'lrith leirrls tr-r

il rrtttrli; rrrrrre rlf]iciertr algoritirnr for tite c:olr}pilti:lt,ioli of tlte gr,;rrJlerrt. .\iirrre-'r'ica1 exl)í]Till1t'i]ts

litr_lrl tll;lt |1tis trtct,lirlt'l is nltnrerical11,st-a}l1e arld it givcs vt-,r1,;4clclrl restrIts, t-]llftlt'ttttttrtcllv, it,

tultrer1 txtt t,itzli a liel,\r sitttilar rntltltorl lr,as }rltlllisitet1 in |il, Irl this pi}pcr. the.:attltl pt'rriliclrr is

}]1]i_.s tharr.jris1 tlre lreat ccltratiorr. Tllis 1,1,1i1 be rr srrlljr:d. oť ťirttlre rt.,sr:arclr.

(]lraptr:r,6 rjr:als u,ií,h tstitliltitl1,1 of 71 relaxatirlil tirnt,,íi,r.lltt li-irclitrr, \,IFl1 <latrl. 7'1 titrtl , i:

t,lrt: r:stirlra.i:iorr of 7'1 1,inre arc Jasec1 r;tl rlarirlrts sirrrplifir,,atiorrs. '1'lrt, airtlrtlr tlt,:si't'i}.,e., il tt('1\

ltpt,]irltl rt,hi<l}r sltrlltlci pt"clvidc lllorc il(](,l1fi]te rcsrrlts, lt, is ba^rccl otl tittl solr"ttiorr r;ť t}.te itrr',,l,'s,,

tr:iaxi.Lticxr tintes, Tire pl,rlllrlst:d nlethOd is based oli 11sť_ rlf a str-cirlit:t1 ]Jlcrt:i: -qitttnlatrll rr'llil:]r

rirles :trlt stllrrc ciillr, tlrc Rlolh cclual,it_ltts llrrt it itlso t,;rltes itttl'l itc:cottlti rtturr}>lI' oí lu:t,itircts

t.it,li§t,,t1 1;.r.irrrlrct,fectiorrs of t,hc \IIlI scitíilier. Ncxť" lvr: scalch lirr irrprrt pitlzlltli*,{)ls Ít,;l t}t<:

IJj.r.rt,lr sitrrrrlirttrr rvlrich l_rcst fit. tlre dtrttl, rrtcastrrecl b_v }lRI }{Oi-Ll seqrle}1.,f]- -I'1iis t,tt.u l-le

ír.lrttritliltctl as atr oplirrlizatitrrt prob}errr il,Llich is stllveri }:y tlre glildieff rlescenl ntelhorl, "ftl gt't

ii §r1l1a.| iiril,iii,l glitlss. a lnultila,r.cr ncrrral ttettotk is tra.itrerl to apllroxirriate the itlverse;;rol;lt:rtr.

Tlte c.rlrrtpr.ttit,íir.lrral tests 1lerlorrrlecl citr s1,}tihetic iirr-rritro) arrcl rca,l (irr-r.,il'ci) rjara, s}rorr'|,ll;rt

t,ile ltclv lrretho<.l gl:,c,s 1lt,,tter lesttlts. It, a,lso slio."vs thtrl Llre iwtl slrrge rrretlrc>rl ploÍits Írorrr1loilr

§titg(]s, 1lr.r,e r]tl trot have arr initial guess tna<le by tlre rictlral rretq,olk tlre optinizaliorr rttt'l itod
lo,ottltl rlot (:oltl,t]fge tln ()lte hanrl tlrxl l,1re scq;ncl stagi: really irnprttves i}re irritiai gttess rlli-trltl

ll_r.tlte tletrla1 rretrvork otr tltt: otlrer lrand. Tlte tlerv lrrethod is tr srtl ,ji,c,r oť pa1l.,r -l1 ,

Tire rvorlt orr thc l}resis li,as corrrlutlttx] as l)a|t clf ťhe OP RDtr pro.letlt rrcl, CZ.02.1 .|}1-



i}l}d L. ,.iYt-íSitrv of Textrs. Sorrthr,estern l,,'eclical Cjerrfe'irr Dallas' USA {.lr-o s}lpr:t st.os for

rg,tl arrrl four l,eeks), si.- r... "r.o 
acti,eiy attenr]ec. r:iglr1, iniern'rtionol cotrferettces arrd shr: is

lrl_a,rttlrr:r clť tr,o irrrpac.ted scientific papeís;jr*'l ;; ilir' nr S.ierrce. one sc'ientiÍil PaPer 1is.eci

i11 §copr.ts. orte boo}t clraptel and one,paper itr confelelrrle pLciceerlirrgs listt'rl in \\;e]l of Scienctt'

Tiie citrtrlir]a,te also assisteci irr t]re educatl.;;; .;;;j;;, bv gnidiug exercises 1g1 |crrtT riiíŤererrt

lr-.tltlrles ili calculrrs zrrrr1 prograu}mlng,

T}re r:atrrlirlilLt" ,r;;:i^#;,"rrnlto .".aelal with courplex nrrl,thernatica1 atrci iriterclisciPlirrirr'-v

pr oblerns, sire r,r,as ň;;"" i:: *h.lŤtJT:*T* *** :i§§l:T],;Il§:li

i*n:;:;*T[,1'illiilTťrffťi*l§il;,ti:i*:'l{xr"L,.'*i;;i]|d 
clr tlr*,,,t,

siiills s}te rvas ;rble ttl tlesign nerv nretlrocl*",rr'ři" irrl"-,rr *.rrt"*u rrtrt1 softw'irrc pipc'lines {ol'

proctlssiirg of data íro* i-h., nragtlct,ic ,",;il;; ;;ó,u*, S]re was also a]lic to dt,,sign tlerr,

algc,t,itlrnls ín. i",,,gJ ,"-"i,"r* a',9 
i]]: 

solrtt,icirr ol itivet,sr, 1,r,oblerrrs,

.trlr.e i,hesis írrlíills all reqrtirerrients íor pir.o. ,tr"r,rs. Herrce_, 1recornlrrelcl t,tri,cirttrlitil]to to

the r:ornrnittee for tlre cloctoral t}reses " 
**,a 1_1 ti" titr* oí Doctilr of Plrilosopirv,

Praglre. Decetuber" | 4, 2022
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