
Abstract

firis rlisserl,ation dezrls lvith the Ima,ge Debhrririg (ID) problcm using nrrmer:ical ap-

1;r-oach. ID describes tlie irrocess of'clirrriuating blur or tlie clistortion fiom tfue blurry

irnage. Nllathemal,ically, thc cr)nneclion betrvecn the captured blurry irnage z and a

r:lear image u is a,s follow;

z: I?tL*rl.

u"herc r7 is a noise and i is tlie l:lur operator.

In this dissertation \ve purpos€l [u,o nrathem:rtical models for ID problem and a

-'plitting preconditioniug. The first model in this thesjs is a totzrl fractional orcler

i.lriation based constrained II) mociel. \\,'hen deblurring :rn image, ensuring that the

iiltettsities (pixel r,'alues) of the reco\rered image ale strictlr, l]on-negatirre is essential.

\cvertheless, existing numerical methods frequentlv fall short of 1-ielcling consistent
' ,-,5ifi1rg outcontes, resulting in negative pirel vtrlues that significantll' aclci the clarli

i-'eas ill the lecovered irnages. To tackle this cliallenge. \\,e propose a total fractional-

-'-ler variational principles l-rased inathematical nrodel for non-blincl ID. In aclclitiou

Providing strictly positive intensitl r'alues. our suggested model places restrictions

- tire pixel ralues that fall lr,itiiin a given interial. Elirninating negative pixel r,alues

- .,rnfining them withiu r,,he particular interval can greatly improve the clarity of

r'"red iniages.

The second probleni in this dissertation is conformable fract,ional order r,'ariation

..'l ID rnodel. Conformable fiactional derivatircs provide a versatile framervork for

-:>enting and utilizing the non-local and non-linear characteristics present in im-

- : \{oreover, u'e introduce a novel circulant preconditioner matrix tha,t guarantees

. . i-onYergence.

',:iallr' \\ie purpose splitting preconditioners for the system obtained b_v the des-

-' irttt of conformable fractional order variatiorr based model. Tiris study presents

-,,rck preconditioners based on the 2 x 2 block fbnn skeu.Hermitian anci Hermi-

- -itting for the system obtained frorn CFOV-bur"iID problern. The suggested

. --lioner is based on a new pa,rtition of the 2 x '2 block form, rvhich yielcls
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an itelir,tir,e apprgach tir:rt is unconrlitionally convergetri,. \fui: exaurirte the spectral

rr-r1:1lysis of the proposecl pleconclitionerL matriccs. Particttltrrlv, u'e illrrstrate that the

eigelvalue spectrum of the prcconclil,ioned niat,rices is a,c1vanta,geotrs, tlicrebv aicling

rlte efficient c:onvergence of prccr-rnrlitionecl KSN,I such as G\IRtrS.

6 this reseal'ch) we focus on making variaLional moclels thtrt, ci,n clear up blurrv iut-

ages rvell witliout iosing irnportatrt tletails. \Ve dernonstrate tlie ef{icielcy arid efficacy

of these models r,vith nttmerica,l experiments.
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