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UTUSULLP CLIZULARE ALNRRUSRIT

EUUSh UMhudulUuNkhe3NkrLL

BJuyht wuulbpubpnid b whuwpwpbpnid  wihwjw/wunujunyué  whpnypubph
pnqupymup hpkihg Ukpluyugimd £ dh gnpépupwg, nph punphhy wyy nhpnypubpp
thnpuwphiynid B ghunnwpynnh wsph hwdwp hwdkih vhtupbnply whpnyputpny b uplnp
huunhp Ehwiunhuwinid pquyhtt wuwnltputph b wkuwpwptph dowljdw npnpunnwd: Ujh nith
puquuquit Jhpwpnipnibbp, npnughg b thnjumbigdwt uppwjubpph hbwnbwbpny pdught
wuwnbkpubpnid wpwewgnn pinjuyhtt Ynpniunttph pnqupynudp: Adojuljut wuwnlkpukph
dowjdwt ninpunid wnujunyusé wnhpnypubph pnpupldwt dkpnngutpp ogrnugnpsynd
wuwwnlkputph pupbjuyiwt hwdwp: Ywpbnp ppughp B Eugnuynyhy wwuybpubpnd
huytjujhtt wpunwgnnudubph pnnupynudp: Lnnupldwb dbpnnutpp Yhpwebh o twb
pYwtugyués  huwdwy wwwlbkpubph JEkpwbnpngdwi, pYuyht  wwuwwnlbkpubphg L
wmbuwpwpbphg wbguljuwh opjunutph  hEnwgdwl, Juwudws dwwnbwhbwnpkph
pupbjuydwi b wy] yupbnp pughpubpnid:
Lnnupluwt qnpdpupugn hhdtwlwind ghunwplynud £ npybu hwpbwbwihtt hwpnth
wnppnypukph oqunipjudp wthwyn nhpnyputph dnnwpydw punghp: SYjwy jpugph pusnwdp
Jupny Enpnpwljh puppmpinitibp wnwewgubky, pmh np wnuyunyws whpnyputpp jupnn
Eu mubktw] nwppbp swthtp b dukp: Pugh wyy wnujungws wnhpnypubpp opowujunng
hwplwbughtt  whpnyputpp Jupnn o punugws (hul] wwppip  hwdwubpnipjut
wuwmhdwtp mbbkgnn pununphsutphg: Zwdwjy withwn juwd Juuwuqus whpnypubph
pnnqupynuip huynuh dbpnnubpny, npnugnid hwogh skt wntynd wuhuwyn b wowlgnn
nppnypubph punipwqgpstbpp, wwihu £ ny &ogphn wpnnitp: Lonupidwt hknbwbpny
whuyn whpnypitpnid wpwowinid ki gnitughtt wpnbkdwljnikp, Epjpuswthulub
dwpuhtiibph Abh wnuyunnulubp b wyjc

qhpnhhojw) yuwnwnubpny pYughtt yunkpubpod b nkuwgpnipmibbpnid wthwyn
Jud Juwugws nhpnyputph pnpupidwt juunghptbtpp dhty wjuop wpphwljwt b b wyy
nnnipjudp  Juunwpynd B pwquuphy hbunwgnunipmitbbp: Ubthpudbonnipmt k
wnwowbnid Uowljl] pdughtt wwwnlbpubpnid b whuwowpbpnud  withwyn/unujunus
wnppnypubph poqupluut wpuqugnps b wpynibwdbn dhpngubp b wignphpdubp, tpubg
hhdw Jpw vnbnst] hwlwywunwupiwt Spugpuyhtt hwdwlwpgtp: dhpohuutpu whwp L
twl Yhpwnkih (htukt vwhiwbuhwl hwyynpuljut  nibwlmpiniukp niikgnn vwppbph
Ypuw, dwubwynpuybu, pkjwgh hkpwhinuttph b wwpkpubph ypu:

Uunbkbwhinunpjub  tyuunulit t dowll] pduyhtt yuuibpubpod b wbuwpwpbpnid
Juuuduws jud wndwngws wnhpnypttnh pnpupdwd wpuqugnpsd wignphpdibp, npnup
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hwoyh Yuwnukt wuhwyn whpnypubph b tpwb oppwwywnng wowlgnn whpnypukph
punipwqnppsutipp: Uowljywus wignpppdutnh hhuwt Jpw uvnbnst] pdughtt quwnbkpubpnd
wnuwppkp punyph Juwuws whpnyplbph ponnqupywt wppnitwdbn b wpuqugnpd
Spuqpuyhtt hwdwlwpgkp:

Zhnwwgqnuudwh  dbpngublpp. Unbbwhinunipjui ke oquuugnpdymid k. wwwnlpubiph
Upwljdw b wthwywn mhpnyputph poqupuut dkpngutpt nt wignphpedubpp: Zknwgnugby
Eu pduyhtt uunybkpubpnid wihwjn b Juwudws mhpnyputph huynih dbpngubtpp b tputg
oquuugnpsumdp unwugyus thnpduwlub wpyniupubpp:

Upmyniupubtph ghnuljwmb inpmpniup

o Uowljyl) k hwwphiwljwbught punpnygh Epunpuynygughuyh dbpnph wpynibwgtn b
wpwqugnps Unghdhlugyus nwpplpul:

o Uouljyl) k pduyhtt wwwnljkputpnud judwjuljut tqpugstpny Juwudws mhpnypubph
ponupluwi hhpphguyhtt wignphpd:

e Uoulyly Gt Eupgnulnwhy  wuwuykpubpnid  hugbjuyhtt wpunwgnmdubph
hwynbuwpkpdwi b pnqupluwb tnp dkpngutp:

¢  Windows i Android oyipughnt hwdwlwpgbtph (0O2) dhgwuypnid dowlyty Eu pduyhte
wuwnlkpubpnid wnujunws whpnypiubph pnqupdwi spugpuyhtt hwdwljupgbp:

e tupnulnuwhl wwwnfbputpnd hugbjuyghtt  wpunwgnnudubph  hwyntwpbpdut b
pnnupyuwid hwdwp dowlyt] kit Windows b Android Oz-h dhgwjuypnid wppuminng
Spugqpuyhtt hwdwlwpgkp:

Upynitipiiph  jhpwowijut  wiwljmpepmip:  GJuyht guunlbpibpnd Juuuqus
nppnypubph pnnqupluwb dpwlduws dbkpnnubpp Jupkh E oquugnpst] thnpuwbgdwi
upuwubph pnpupydwi, pyuyhtt qunlbkpubph pupljuddwi b Jkpuinpngdwl, opytljnukph
htpwgdwl, tunnunwhl wuwwnybptkpnd hwybjughtt wpnwgnnudubph pnpupldwt b wyp
tyuwunwlitpny: Uowldws Spwgpuyhtt unnwnhl qpunupwup Jupbkh b ubppuby
Spugpuyht guujugws hwdwlupgnid, npp htwpwynpnipnit Yniuktw dnunpht wiuyg
wnuyunnulubp wupnibwlnn pughtt wunlbipp b Jowuduws whpnyputpp dwnbwiong
Epynuuut ghiwlp: Opwgpuyhtt hwdwlwpgp Jupng b oguugnpéyt) twlb nwpuptnyp
thnpdwghinulw bywwnwlubpny:

NMuwpnyuimpui thpuyugynn npnypbbtpp

e  Unwywunyws whpnypubph pnnupidwb wignphpdp, npp dEpnusnd £ withwjn
wnppnypubpp, wpnhnd L ogpwip  puwnunphsutph U jnipupwisiniph  hwdwp
nuunpnud wpynibwybn wewljgnn mhpnyp, husp tywunnid | pnyupdwi npuljh
pupbjuyuwtip:



e Eupnulnwhy wwulbpibpnd  huybjuyhtt  wpunwgnmudubph wdundwn
hwjntwpkpdw b pnpupuwt wignphpdp:

e  (Jujhtt ywwwlikpubpnd pluyhtt Ynpniunttph pnqupidwt wppynibwdbn b
wpuquqnps Spuqpuyhtt hwdwlwpgp:

e Cuwpduljutt uwpplph b uwnwghnbwp hwdwlwpghsitph hwdwp dpwldly GLu
wnuyunyus nmhpnypubph pnqupldwi Spugpuyhtt hwdwlwpgtp:

e Cuwpdwlut uwppliph b uwnwghntwp hwdwlupghsitph hwdwp Eungnulnuply
wuwunybkpubpnud  huykjuyhtt wpunwgnnudubph - wundwn  hwynbwpbpdwt b
pnnupldwt Spugpuyhtt hwdwlwpgbpp:

Uojmuwnwiiph wpngmibipibiph hwjuwunpmpmip hhdtwdnpynud E dowldus spwuqpuyghte
hwdwlwupgbtph Yhpundudp uinugyws dh owpp thnpdtwljub wpgniupubpny:

Uojuunwbiph wipryniupiiph ikpypoudp

UowljJws tunnulnwhly yuwnybpubpnid huybjuyghtt wpunwugnnudutph hwynbwpbpdw b
pnnupldwt hwdwlupgp whwnnpnydwl, pniddwt b hbnmwgnundwi gnpénnnipinibttpht
odwinuijtint btwwwwlny, ubkpppdl] b «thwgununhuw» RU-h quuupntunbpninghugh
pudwininiipnid:

Uolumwnwiph wwypnpughwi. Unktwpinunipjut hhutwljub wpynipubpp qlnigytky L.

e 22 QUU Pudbnpluunpluyh b winnduwwnwugdwt ypnpibdtukph htunhinnunh b pyuyh
wqnpuipwbibph nt wwwuybkpubph dowldwt juwpnpuwwnnphuyh  pughwinip b
dwutwghnwuljut ubdhtwpubpnud;

e Pndhmubtpughunipjut b nkntjunjuliuit wnkuuninghwitph dhowqquyhtt 9-py
ghimwdnnnynid, CSIT-13, Gplwly

e  Onpdwplunipniutibph wqquyht pinipngh juquujtpyws ghnwdnnnynid, 2013;

e  DPubnplunhiuyh hwdwwnbtn dhowqquiht ghnwlwt Jhpngurnidubph XVI-py
ghunnwdnnnynud, nhjunbtdptiph 18-19, ITA 2013, Gplhwl;

e Zuyuwuwnwih ywhnwlwb Supnupughinuljuwt hwdwjuwpwih 2011p. ghunwdnnnynud:
Zpunwpuymuubp
Usluiwwnwiph hhdtwlwt wpyniupbpp tkpjuyugduws i 6 ghnwlwt hnnpjusubpnud,
npniig gulp pipdws Eubndwugnph Jponud:
Uunbkbwlununpjub junniguspp

Uohmwwnwtipp  punugus L wnwowpwihg, npnud  hhdtwdnpyws L phuugh
wpnhwwimpiniup, dbwlhbpyus i tyuwwnwliubpt mo ughptbpp, hlvwybu twb
yuonyuwinipjuip  bkpuyugdnn  hhdtwlwb  npnypubpp: Loduws  Lu unwgqus
wpmynitpubph ghnwljwt tnpnypp b tpwig gnpstwlwt wpdbpp: Uwnbkuwhinunipniup
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punugwsd E wnwowpwihg, hhug gnijuubphg, 77 wiunth wwpnibwlbn qpujuinipjui
gutthg, 12 wnniuwyhg b 65 tjuphg: Uojumnwtph punhwinip swjup juquniud 115 te:

UTUSULLP ANYULIUENRE3NRULO

Uohmwwnwiph wnwowpwinid hhdtwnpdws b phdugh wpphuwinipmniip, dbwlbpuyyus
E tyquwnwljutp o punhpubpp, hsybu twb wwonywinipjuin tkpjuyugyny hhdtwlwu
npnyplbpp: LoYyws Lu uvnwugws wpyniuputph ghnwlub tnpnypp b tputg gnpstwlut
wpdtipp:

Unwght gqnthup tdhpyws b pduyhtt yuntpubpnud thnppwbgdwt ujpwjuiph pnquipldw
Ubpnnubph JEpnismpjuip: 1.1 wwpwgpudp tkpuswljui punyp nith, nppd hwlhpg
tjupugpynud b Jpmsynd Gu thnjumbgdwt uppwjubph ponnqupliuwt tptp hwjnth
Ubpnnubpp  wwpwswlwb  (spatial), dwdwbwluyht  (temporal) L wwpudwlubw-
duwdwtwljuyhtt  (spatiotemporal): Ukup hhduwlwinid gphuwpynud  Gup  piafugh
Ynpniunttiph pnpupluwt mwpwswljub dkpnnubpp: 1.2 wwpuqpudnid tjupugpynud £
pYuhtt  wuwwlbkpubpnid  wihwjn  wphpnypubph  pnpqupynudp  pduwjhtt wqpubpwth
Epunpuynjughuyh mkuwtlyniuhg:

B wuhwjn nhpnyp

T TN

A wgwlignn nhpnyp

—~11J

M

T
=0

‘Uljup 1: Gplswth nhulpbn wqnuibpwih /gunltph/ hwngus:
Ljuwp I-nid  wwulbpdws L wihwyn wnppnypubp wwpnibwlng dh hwngws:
Uwndtpugdjws L=AUB whpnypp punugus Lt B (Unig dUnjupugnyl) wbhwn
whpnyphg, npp whwnp b quwhwwngh ppkb opguyguinnng A (pug Unfupuigny) wewlgnn
whpnyph  ogumpyulp:  Epunpuynpughwih  funppp Yuptih b dbwhlpyly htnbyug
Enuiwlny. wewlgnn A whpnypp tpunpuwynjugynid £ wthwyn B whpnypp unwbwgnt
hwdwp: Mwpugpud 1.3-md tjupugpynud b bplpywh wqnuipwih hwdwpwulwiugh
plupnyh bpunpuynpjughugh hwynh dkpnnp, nph uyqpenitpp Juywinid b hknbyumd
g[m,n] wuwpwdbnpwlwi dnghp hnbpunhy Yipynd dnnwpynud £ A wewlgnn whpnyph
tdnipukpp L whpnyph dpu npnpdus ¢y ([m,n] dnipgkh Eplyswih nhuljpbn dbwhnunipyui
($12) pwqhuuyhtt pnitijghwikph gdwyht Ynuphtiwghuyny, npnbg npjus t Yohoe ¢y
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punupduldwl gnpswlgny: Unnpl pipdwsé £ wwpwdbnpuwlwt unnbkih v-pn hnkpughugh

nbupn:
g¥[m.n] Z cy |go[m n 1)
(k ek

npuntn K-u dhby v-pn puyp oqmmqnpbl.[lub puqhuwyght $nrughwkph puqunipniut k:
fuwbh np g[m,n]-p npnpjws £ wdpnng L whpnyph dpw, www Awgwlgnn wnhpnyph
Unnnwupynulp vhwdwdwiwl qghwhwnmd £ B whpnyph wthwjn tdnipttipp: A wewljgnn
whpnypht yuwuwing wdnwpubph wpdbpubpp wupnibwldnud o f[m,n]  dnunpugh
wqpuiowind, m=01....,M-1, n=01...,N-1 U f[mn]=0VmneB: Zuyumuh f[m,n]
wquipwih b Unnwupuudp quwhwwnyng g[m,n] wqpubpwih dhel dtwgnpnuyhl ujuwih

Fubpghwi Ykpuwhulnud E uninwpluwi npulp b ghwhwnfoud Ehknlyw) putwdling
2
EE\V) = E (fm.n1— g(v)[m, nl)

(m,n)eA
Pubpwughnt gnpéplipugp nunupkgynud k, Epp dbwgnppuyhtt uppowh tukpghwit thnpp k
nupund twppwwybu npnoyws okivhg, Juwd hwubpughwibph pwtwlp ghpuwquignid k
twhwybu npnodws pwbwlp: Ujunthtnlb f[m,n]-h wyb fEdEunbbpp, npnup wuwnwinod
Eu A wowlgnn mhpnypht dunid Eu withnihnju, b dhuytt B -ht wuwnljutng Lhdkunubpp
thnjuwphinwd Bu - g[m, n] -h hpkig hwdwywunwupuwh b Edkunibkpng:

Qnithu 2-nud ujupugpynud E hwdwpulwbwght ptnnpndh Epunpuynjjughwih dkpnnh
Unphdhljugdws wmwpphpulp: 2.1 wwpugpudnid tjupugpnid E wowlignn wnhpnyph
suthtiph punpmpjub qnpdpipugp b tpw wqplgnipniup Unnwpdwit npulh Jpus
Zwdwpwluiughtt punpngh  Epunpuwynpughugh  Yupbnpugnyh  wwpwdbnpbphg kb
wgulgnn whpnyph swihp: Ugulgnn whpnypp hpkihg bpljuyuginud Ewithwyn whpnyph
hwplwl hwjnth whpubjubph funudp, npntp ogquugnpdynmud ki Epunpuynjjughuygh
qnpépupugnu: Ugulygnn nhpnyph swihp wqgmu £ bpunpuwnjjughuygh npuh pw: Gpp
wowlgnn whpnypep niuh thopp swth, wyw httwpwynp sh (hunud JEpuubgqut) yunlkph
nju; mhpnyph dwbpudwutnmpnibbpp, hul Gpp wjt phnpdmud £ oun dks b wthwjn
wnppnyph quuwhwwnynny wqpubpwbp snith nidln Ynpkjjughw hwplwbuwghtt mhpnyputph
htwn, wyw wpwewind th wpnbdwljnubp: A.Kaup b wynp! wppwwmwpmd ghunwplyl) £
uygl nypp, Epp whwjn mhpnypp qniynd £ wewlgnn whpnyph dkownbnnid: Upwljgnn
mppnypp unwgynud £ phuwplynny wbhwjwn whpnyphg jpipupwignip  nugnnipyudp

1 A. Kaup, K. Meisinger and T. Aach, “Frequency selective signal extrapolation with applications to error
concealment in image communications”, International Journal of Electronic Communication (AE), vol. 59, pp.
147-156, 2005.



hwjwuwp pwhwlnipjudp whpukjukp Yipgubny: Ywwnwpdt) b hnpdwpynudibp piough
ynpniunubp  wupnibwlng pdughtt wwwnlbptutph Jpw, npnugnid wwppbp  swithkpp
wowlgnn  whpnypubkph hwdwp  Yhpwndl] bt hwdwhwlwbuwghtt  plbwnpnygp
Epunpuwynjjughuyh wgnphpudp (Sku ul. 2):

Y

=

=

E
-
=
=
-
o)
-

®
Vhwp 2: (w) fnljuyghtt jnpniuniibpny wunltip; (p) YUnpoiunbikpp ponupldus wunlbp:

Mmubktuyny twpbwwt yunfbpp dkup htwpwnpnipnit Gup niubunud jmpupwignip
pinip  pnnuplbnig  hkwnn  hwyduplbp PSNR-p  (peak signal to noise ratio)’
255 Ng

D (fm,n]-gim,n])?
(m,n)eB
wdnoubph pwtwlu E {f[mn]}-p & {g[mn]}np huwduywunwuwinptt ywulkph
puophtimy b pnyuplydws whpnypubpt b Uninpughtt yuwnlbph jpipupwisinip whwyn
pinlp hwdwp hwenpnupwp Junwpnd Eup Epunpuynjjughuwgh gnpépupwgp 1-hg uptsh
16 whpuk] niukgnn wewlgnn nhpnyputpny: PSNR-h wpdtpubtpp pipdws bu Ungyniuwy 1-
nu: Unpmiuwlhg hbnbnwd E np jnipwpwisnip pinjh hwdwp Eupwowunhuwy whpnyph
nunpnipiniup buybu pupbjuynid £ Epunpuynjughuygh npulp:

PSNR=10lg

, npukn Npg-u wthuyn B whpnyphtt yuumlwing

Unyniuwly 1: PSNR-h wipdbpubkpp $hpuws b iwpuptinptih wipdbpubph hwdwp
Support | 3px 8px 16px Preferable

Area support
area

PSNR 22.53dB | 24.07dB | 25.15dB | 28.15dB
Anpstwljuunid Jipp tupugpjus dnnbgnudp Eupwownpdw) whpnype quniknt hwdwp
Yhpwnbkih sk, pwuh np dbip smububp hpulubt wwwnlbpp, dninphtt wpgk hull quhu &
wihuynn  whpnypubp  wwpnibwlnn  pduyht wwulbkpp: Uy yuwndweny  dkup
httwpuynpnipinit skup niukunid hwoyk) PSNR-p:

2.2 qupwugqpudmd phpduws b dowljwms wowlignn mhpnyph wnuwnhy npnodwb dbpnnp,
npp hhupmid phljws b jmipwpwibygmnip pinlhtt hwpwlhg whpnyph hwdwubpnipput
nuunidbwuhpmpeniup: Zknwgnund £ dnunpughtt yuunlbph  wwwdbup, nph Jpw
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Yhpweynud E bqpbph huynbwpbpdwt Ywihh hujnth wignphpdp, npp juunwpdnud |
htanlyw) puyjjtph Uhgngny.

1.  Zhpwgul] pYyuyhtt wuwunlipmd welw wnuniyjubpp: Undoljutph hEnwgdwi hwdwp
oquiuugnpsymid £ Quniuyubt dhpuapp: Uninple phipdws E Quniuyut $pjnph dheoniyh
oppluul, nph swithp 5 £

2 4 5 4
1 4 9 12 9
K=—5 12 15 12
159
4 9 12 9
2 4 5 4
2. Ujunthtnl juwnwpynud t pdughtt yuwnlbph htnbkuuhynipjut gqpunhtunh hwpdupyp,
nph hwdwp Juinupmud Eap hknlywy pugbpp’
w) Gupliph /convolution/ nhuwlh qniyqp Yhpuntk) x b y mynnipmnibikpnd;

N O BN

-1 0 +1 -1 -2 -1
Gy=[-2 0 +2} Gy = 0 0 O}
-1 0 +1 +1 +2 +1

p) ZuoJupyynid k gpunhtunh wpdbpt nu nugnnipynibp: Migpoieniup inpugynud &
nkugh Unurl 0, 45, 90, 135 wunh&wip, G = G2 +G2, 0 =arctan(G, /Gy )
3. Zhnwgynid ku wylt whpubjubpp, npntp kqp (huknt phljtwsnt skt hudwnpynud;
4. Uygnphpup wjupnymd t kiqpiph hwyntwpbpdwdp, oguiugnpstim] kplne ok’ Jkpht b
uwnnphl:
w) Gpt nhinwplynn whpubih gqpunpbiunp wykh dks wpdtp nith put Jpht okdp, myw
whpubip nhunwplpynud Enpytu tqp,
p) Bpt nhuwplyny whpubih gpughbnp tpp b unnphte pkdhg, wwyw wyb sh
nhwnwnpyynid npybu ok,

q) Bpt nhuwplyynn whpubih wpdbpp puljus Jkpht b unnpht ptdkph dheb, wyw wyu
pugniuynud £ npytiu kqp dhuytt wy ghwypnud, bpt nhnwpyynn whpubip vhugdus k
wytt ywhpubkhl, nph qpunhbunh wpdbpp UGS L Jtpht otdhg:

Bqptph hwynwpkpnidhg htnn winwinwd Gup tpyniwjut wuwwnybp: Uyhunwl whpubjbpp
gnyg Lt nnwjhu huynbwpbpqusé Eqptpp, hul ubkpp pupdp hwdwubpmpjut whpnypubpp:
Uowlgnn whpnyph swihtph quwhwwndwd hwdwp hwyqupynud Bup hwdwubpnipyju
qnpdujhgubipn (coefficient of homogenity) htinlyw] pubiwdlny
COH - number of WhltePIXE|S.
number of all pixels

Snipwpwilymip pnnuplynn nhpnyph hwdwp hbnwgnunmd Bup ppkt hwpwlhg hwpnth
wnppnypubpp: Zknwgnuundp juunwpdonud | popnp nuynnipgnibibpny: Ljup 3-nud gnyg kb
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npjuws wihwyn whpnypp (Wb piny), npt mbh (Xy) b (X%, Y1) Ynopphtwwnbkpp:
Zwphwbwghtt whpnyph hbnwgnindwt hwdwp ogunugnpsnid kup 4 whyh wwnnthwi’
Ubjuljut jmpupwsinip ninmpjut hwdwp:

QuiulnnUjut ywwnnithw: (X—(K+)m,y—m), (x—km,y; +m);

Ugwlnnujut wwwnnthwl: (X +km,y—-m), (% +(k+1)m,y; +m); (2)

dEpht wwwnnthwb: (x—=m,y—(k+1)m), (% +m,y; —km);

Uwnnpht ywwnnithwb: (x—m,y; +km), (x; +m,y; +(k+Dm); k= 04.

Ulywp 3: Utthwjwn pinlp (ul) hp hknwgnuindw inhpnijend:

Lhuwp 3-nud wuwuibipjws bt dwppwlinnlub wwunthwih ophtwl, npunbkn Ay -hu
hudwyuinuupwind £ k=0, huly A -htt' k =1: Ugwlgnn nhpnyph jnipupwisymp Ynndh
hwdwp hwyqupynud  bup bGpiynt  hwpbwbughtt  yuwunithwbubph  hwdwubpnpyut
qnpdurlgbiph wppbpnipinip - A= COH (A1) -COH(AJ |

Bptk A<5, wwuw hwpdupymud tup A-u Ay b A, -h hwdwp: Snpsplupugp
owpnibwlnmd Lup dhty k=4 Jud A>5: Uoklup, np  A-p b k-h wpdbpubpp plwpyty L
thnpdbkph wpnnitipnid:

Syju nipnmipjut wewlgnn wnhpnyph swthh npnonidhg htinn, whgind Gup hwenpy
nnnmipjubp: Upwilignn mhpnyph swthp jnipupwisinip ninnnipjutt hwdwp hwjuuwp
(k+1)m—h, npntn m-p $hpujws phy L b gnyg E mwjhu yuwwnnithwh juyunipiniup:

2.3 wupwqpudpnid tjupugpynid £ junonp nhpnypubph pnpupdwut pipuguljupgp: Uju
nhwpnid withwyn mhpnypiubpp Bpunpuwynjugubint hwdwp wihpwdbtown k ipwtg pudwiky
pununnpsutiph: Uwhdwil) punqunphsutph pnpupdwi wpynibwgbn hippuljuiniemniup:
Ujinthbknl jnipwpwbsinip pununphsh hwdwp punpynud b Eipwowyinhdwy wewljgnn
whpnyp U ppuljwiwgdmu £ pnquplubt gnpsplipwgp: Ujuwhuny, jungnp wnhpnypubph
pnnupydwi pipugulunpgp niith hinlyw) wbkupp.
1.vjup 4w—nd yunbkpgws untinpujhtt yunlkphg uvnwiniwd Eup Epyniwljut nhdwlp
(Sku' UYy. 4p), npp punlugus 0 b 1 wpdbpubphg: Ujinthbwnl phiwp nhdwhh Jpu
Yhpwnynid E yntnmplkph hupnbwpbpdw Suzuki (Sku' UY. 4q) wgnphpup:
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2. Cunn hwynbwpkpjws Yntnnmpubph pwbwlh, pnnuplynn nhpnypp pudwuynd k
wphuiwnwipuyhtt mhpnypubtph:

3. Snipwpwiynip wohiwwnwipuyht nmhpnyp pwdwiymd E bwppwwybu npnpws swthp
pununphstikph, npniip whkwnp E hknwquynud pnquplybi (Sku' Uy, 4n):

4. Snipwpwisnip wouwwnwipuiht whpnyph hwdwp ponuplynud i ponp  wygl
pununphsiibpp, npnip hpklg wewlhgnn whpnypmd mbkt syiwudws whpubjibp'
uguhuipt Epyniwlut ghdwynud 1 wpdbp niukgnn whpubjutp: Uwlikpbnypht dnn
quijnn pjnp whpukjukpp  panupltimg htwun pupdwgymd Ephtwp ghiwyp
pnnupydws pununphsubpht hwdwwywwnwupiwng whpubjubph 1 wpdbip wwny:
Ujunthtnl Yphhtt pnqupyynud Eu wybt punuphsutpp, npnup niikh 1 wpdbp niukgnn
whpuly hptug wewlgnn wnhpnypnud: Gnpspupwugp swpnibwlymd E pwuh phn sku
ponupk] popnp pununphsukpp:

& B
(w) ® (CY @

‘Vjup 4: (w) Ununpughlt wunnllp' pnpupluiuth Bipulw whpnypkpny; (p) pnquplyng whpnygpltph
tpynuwuibt nhdwy; () poquiplgnn wppnyptbph Ynnnipbbp; () prqupljynn whpnyptph wpnhnulp
pununphyuikph:

NMupugpud 2.4-nd tjupugpynid E hwdwpujuwbughtt punpndh Epupipuwnjjughugh
Unnhdhljmghuyh wignphpip, npp nitih htanlyur puytpp.

1. Ppujutwgynud t 2.3 pudinid tjupwugpusd pipuguljungp b jnipupwiisinip pnqupliynn
pununnpsh hwdwp 2.2 pudunud tjupugpus Enubwlng  punpdnud E wpgnitugbn
wgwlignn nhpnypp: ‘

2. Ulgunud Eup mqnubipwih Epuinpuwnjjughwh gnpéppwught

w) Ulqpupdtpuynpynid b wupudbnpului dngbip g@[m,n]=0, v(mn)eL.
Utwgnppuyhtt upiwp  uyqpiwpdbpwynpynid £ dninpugpt. wqnuiipmth
wuwwnnthwiught $niuljghuyh wpwunpyung

r(o)[m,n]: f[m,n]w[m,n], ¥v(m,n)elL,
npukn Wm,n]=0, tpk (m,n)eB U p[m,n] npulwb wpdtp, kpk (Mm,n) e A
Lwih np wignphpdp wohwnnd b hwdwhuwiuhtt nhpoypnwd, wyw g°[m,n],
f[m,n] b r°[m,n] -h Ypw Yhpwunynid £ 52 wpwg wignpphpdn:
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F[m,n]=DFT{f[m,n]}, GY=V[m,n]= DFT{g(VZO)[m, n]} RV=O[m,n]= DFT{r(VZO)[m,n]}

p  Ujunthtnb  hwyjupyynd & AER/H) tubpghugh  wwppbpmpmip  voob

(v +1) hubpughwikph thol. AEYY =g — gD

@ Cunpynud & (U,V) hunkpuny] pughup, nph hwdwp AEX’H) -1 nith dwpuhdwy wpdtp
(uv)= e AE il

1
1) Pupdwugynd £ C|£v|+ ) punupdwuljdwt gnpsuljhgp.
k) Quunwpnud Gup p)-n) puyikpp dhty AEXHI) nuntw thnpp twhiwy bu npnoqws otidhg, fud
hunbkpwghwutph pwbwlp hwutth dwpuhdw] hnbkpwghwubph pwtwlht, npp hwjuwuwp k
100-h: Uwpuhdw] hnbkpughwttph pwtwlp npnoyl) k, thnpdtwfubnpky, nw wyb phyu L,
nnhg htnn wybh (] dnnwupynud sh wljuuygnud:
q) Punkpughwikph wjupinhg hkwnn {G(V) [m, n]} wupultinpulul dngkh Jpu Ghpumjnd k
$mpjkh hujugupa dbunhnjunipjub wignphpdp g[m,n]= IDFT {G<V> [m, n]}:

E) f[m,n]-h wyb mhpnypubpp, npnup phtwp ghiwlnid niukt 0 wpdtp, thnjuwphiynud B
hpkg hwdwywnwuuwb wdnpbtpng gfm,n]-hg f[m,n]=g[m,n], npwnkny [m,n] € A:

25 ubplujugynud b wowlgnn wphpnyputph whpuwwwnhy npnpdwt Ukpnph b pbwnpngh
Epunpuynjjughuyh nuuufjut dnnbkgdwt hwdbdwnwlwt JEpnsnipniup: Lnqupldui
npuljp quuwhwwnynud £ PSNR-h oquntpjuup:

Yhunwpyfus plught wwnlkpbtpnd (Sku LY. 5, 6) wihwpn nhpnypukpp hpkughg
ubpuyugund Eu 16x16 swthh  pnjubp: (2) wetsnipniutbpnid m-h wpdtpp hwjuwuwnp
3px: PSNR-h wipdtputipp hwpyuljynid tu dhwyt pnqupyyws wmhpnyputph hwdwp: ‘Ljwp 5-
nd yuwnlkpjws Ewnwowplyus dkpnnh wpnniupp:

(w) ® @ ()
Uljup 5: (w) Rnljuyhtt Ynpniunibpny wuwnlbp; (p) Loqupldws gunlipp hwdwpwwbught punpngdh
Epunpuynpughugh dbkpnnny 8px wowlgnn whpnypeny PSNR=23.13dB; (q) £nqupljwé wunlkpp
hwwjuwlwiught plnpnyh Epunpuwngjughugh dbpngny 16px wewlgny whpnypn] PSNR=23.50dB;
() nnuplyws yuwnlbpp wnwewplyws dkpnnny PSNR=23.61dB:
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Unuwwuhy dbpnnh wpynibwdbunipniip wowyl) tjunbih Ewithwudwebn nhpoypubpood:
Uwnnpl pipJwé b wnwewplyws dbkpnnh Yhpwnnipiniup withwyn mhpnyph pnpupdui
hwdwp, npp thwlnud £ wsph Uh hunmjwsp (nku’ LY. 6-p, withwjn whpnyph huplwbwghb
wnppnypn ny hwdwubn b):

o 1) @
Lljwp 6: (w) Rnljuyhtt Ynpniuniibpnd wunnlbp; (p) Loqupjus wunlp hwdwhwlubughls pnngh
Epunpuynjyughugh Ukpngny $hpujué 16px wewlgnny whpnypn] PSNR=21.53dB; (q) pnnupyus
wuwnljip wrwgwplwd Ukpnnny PSNR=22.28dB.

Guunwupyl] L dowlyws dbpnnh hwdbdwwnnipmniin hwynth Maximally smooth recovery,
POCS, Spatial-domain interpolation, Sequential error concealment, 2-D frequency selective
extrapolation Ukpnnubph htwn (Sku' Unyniuwl 2):

niuul] 2: Pnpdwpupulub wpyniipibp 16x16 swithh pinljuyht ynpniunbph nhypnid

Lena Peppers | Baboon
Maximally smooth recovery 23.7 dB 242dB | 195dB
POCS 22.3 dB 22.1dB | 189dB
Spatial-domain interpolation 21.2dB 23.3dB | 16.4dB
Sequential error concealment 24.2 dB 269dB | 18.8dB
2-D frequency selective extrapolation 24.2 dB 26.3dB | 18.8dB
Proposed method 2525dB | 26.1dB | 19.2dB

Qqniju 3-nud Ujupugpynd E byuwnwlughtt mhpnypubph ponqupdwt pupuguljupgp
ublunpuyhtt pwpdwljutt vwpplph hwidwp: 3.1 b 3.2 wwpuqpudubpnmd phpdnid B
oupduwlutt  uwppbpnmid  bywwwluwht  whpnypubph  pnpupldwt Bpunwjdhngh?,
Ujkpuwtinpnt Skjiugh? b Lughtip-Uwnnljuh* hwpnth dpanutph bjupugpnipniubpnp: 3.3
wupugpudnid  tjuwpugpynid £ dpwljus tyuwwnwlughtt whpnypubph  pnnupldut
pupwguljwpgp, npp punjugus b kpynt qnyhg wowghp pnquplnn tywwnwlught
mppnypubpp dwntwbony phtwp phdwlh uvnwgnudt &, b Eplpopgp tyunwlugh
nppnypubph ponnqupluwt wignphpdt b Unwewplyus plipugulupgnid twwinwluwght
wnppnypukph pnnupynudp hpuljubwgyus E hwdwhwluwbught puwnpnyh
tpuinpuynjyughwih unphdhlugyus dkpnnh oqunipyundp:

2 M. Bertalmio, G. Sapiro, V. Caselles and C. Ballester, "Image Inpainting", Proceedings of SIGGRAPH 2000, New
Orleans, USA, pp 417-424 (2000).

3 A. Telea, “An image inpainting technique based on the fast marching method”, Journal of graphics tools 9.1 pp. 23-
34 (2004).

4 M. Ebrahimi, M. Holst, “The Navier-Stokes-Voight Model for Image Inpainting” arXiv:0901.4548 (2009)
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Phuwp ghiwlh uvowgndt  hpwlwbwgynmd E oquuwgnpénnh  dhgwdwinipjudp,
oquuugnpstiny pwpdwlmut  uwwpph typwth ubbunphg unwgyué  hudnplumghuwi:
Zupyupyynwd E oquuugnpénnp Ynnuhg wodws whpnyph htwnwghdp: Cwpdwljuwb uwpph
ukbunphtt hyiny vnwind Eup wyy YEnh Ynnppghtiwnnp Ry (XO, yo), wjunthknlb pwupdbny
dwwnp ubktunph Ypuyny hwpduplynud b phupwghl Yhnh htpwynpmipniip uljqptwufui
twinhg: Gpk hknwnpnipnitp ks E jud hwjwuwnp twpuybu npnojws vwhidwthg, wuw
wn Yknh wpdbpp wwhywiymd b tpwbwlymd EOP(X,Y): Upktp, np Jbp
thnpdwpynidubpnid hinwynpnipmniip 5 whpuby b

Ujunthbwnl, kpp oguugnpénnp pwpnitulnud E pwpdty dwwnp, hwpyuplgoud £ P (X, Y;)
ytwnh htinwynpnipniip phpwghly YEnhg, b Ypyhht, tpp hipwynpnipmniip quninud b ubs
Jud hwjwuwp 5 yhpubjhg, ywhywidmd k P, Yhwnh Ynnpgphtwnbbpp: B R, P, Yhunkpp
oquugnpdynid ki Phqkh pupwlmuwght Yopp B()=(1-1)°P, + 2tL-t)P, +t*P,, te[0]]:
Unpp Junpnighinig htnn wyt quuybkpynud t phtwp ghdwlnd twppwybu phnpdus
hwuwnnipjudp:

Phuwp phuwlp uinwiwnig htwnn hpujwihwgynud £ whpnypubph pnpupynudp douldus
hwfwpwlwbwhtt ptnuipnyh Epunpuwynpughwih Unphbhjugdus dkpnngh oqunipjudp: 3.4
wupuqpudnd  tqupugpynud b dowlduws tyuwunwlughtt whpnyputph  poqupydwb
pipuguljupgh hwlbdwnulut Jepnisnipmitp: Zudkdwwnnipnit £ junwupdb) douldus
bywwnwluyhtt wppnypubph ponqupyuwi dkpnph b Navier-Stokes, Telea pnnupldwt
Ubkpnnubph Uhol (Sku' UY.7):

Qniju 4 wdhpdws E Eugnuinuwhl wwulbpubpod  hugbjughtt wpunwgnnudubph
huynbwpbpdwl b pnqupyuwt dbpnnh dowldwip, npp punuguws b kpym dwuhg
wnwohtp huybjuyhtt wpunwgnnudubph  wpynibwybn hwynbwpbpdwt  pununphst L
tpypnpnp’  wpuwgnnudiiph - poquipynudp pupdp &gpuimputt - plwnpnyh
Epunpuynjjughuyh dnnhdhljughugh wygnphpdh oqinipjudp: 4.1 b 4.2 yupugpupubipnid
uupugpynud  Eu Eupgnulnuwhy wwwnlbptbpnid hugbjughtt wpnwgninudubph  punypep,
upwig wnbyynn hunhptbpp b huybjughtt wpnwgnnudubph hwjnbtwpbkpdwb  hwjnth
dtpnnutinhg dh pwbhup: 4.3 wwpugpudnud thwpugpdmd b dowlqus  huybjught
wpwgnnidubph hwyntwpkpdwt dEpnnp, npp punjugws t pinhwinip b wnwuwnhy skdh
npnouwl, mhpnypubph pugupdwldwi, Ynunnipubph Jpnwsnipyui thoytphg:
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Ulwp. 7. w) Ophghtiw) wunlkp; p) Unujunjus wunlkp; q) Navier-Stokes Ukpnnni] pnnuplyws
wuinljkpp PSNR=23.36, 2208ms; 1) Telea ukpnnny pnnupljjwué wunnlkpp PSNR=23.19, 7676ms; &)
Unwowpluwd dkpnyny pnqupus wuwnljkpp PSNR=26.43, 11082ms:

Cunhwnip gbuth npnpdwb thoykipp

¢ RGB-hg mignudp YUV-ht, b Y pununphsh h hhunnngpudh hwoquplp:

¢ h hhuinngpuwiuh Ypu hwenpnupwp Yhpwnynd £ 5 Epupnipjut dbnhwb b Suniyywb
Upghtuguwts $ppinpkpp;

* Y peak 2bih npngnud y pea =mex{i|h () —h (i+D} npubn

L it h@)-h(+D>0,
"O=10 it hy-h G+1<0.i=012,. 255

Unwwwnhy otdh npnodwmb hwdwp oquugnpénid Lup twjiwwbu npnows swthh i-pn
wuwwnnithwb, npp vwhbny dntnpughtt Fupnulnwhl wwwlbph Jpuyny hwoqupynd k
jnupupwiynip ywnnthwith hwdwp hp hwdwgunwuapowb' Yagp = Ypear(i) wuupunhy okup,

ypYutiny punhwunip okup npnokint gnpénnnipnitibpn:

Shpnyputph pupupduynudp  hpwlwbwgynid £ oquuwgnpstinyg  Unpdninghulfui
Rupupduwldw oykpwwnnpp fhyuwdl uvinpnijnnipught fEdkunng:

Untunmipubph  JEpmdmipymiin hpwlwbwugynd B oquuwgnpsting  Unigqniypp®
hwjinh wignphpdp, nptt wnwdtwgunid £ Yntunnnipubpp phttwp yuwnlbphg b poy) L nwhu

5 Suzuki, S. and Abe, K., “Topological Structural Analysis of Digitized Binary Images by Border Following”.
CVGIP 30 1, pp 32-46, 1985
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unwbw) tpwihg punipugpnn hwnljuwthsubpp (dwtptup, tqpughsdp): Thuwlhg htnwgynid
kU pnyjuwnpbph swthhg kS dmkpbu niignn huybjwghtt wpinwgninudubph mhpnyputpp:
‘Lljup 8-nid wyuwnkpyws Eu huybjuyhtt mpuwgninidubkph hwpnbtwpbpdwt thnybpp:

) k) Q)

Uljwp 8: Zuykjughtt wpiwgninidubph hwpnbwpkpdwi thoybpp: (w) dnunpuyhtt Einnuljnwhly wunybp,
npp wupnibwlnd £ ohugbjught wpnwgniiudutp (p) Unbuh dbpnnny  hwynbwpkpdws  phuwp
wpuugnnudubph  Epynuwlut  ghdwy® (@) Unwowpyus dbpngny huwynbwpbpjws  huybjuyght
wpuwgnnudubph  Bpynuuljut phuiwly; () Phuwp phdwlih  whpnypubtph  pugpupdwlnud; (k)
Untunnipibph hwpntupkpnid; (q) vngnp Yntnnipitiph hinwgnud:

4.4 wwpugpudnid ujupuqpymd £ huybjuyhtt wpunwgnnudutph  pnyupydwi  thnyp
Yhpwrkny hwdwhiwljubught pvnpnyh bpuinpuynjjughuwgh dnnhdphljugyus dbpnnp: 4.5
wupuqpudnmd  tjupugpdnud £ hugbjughtt wpunwgnmudubph pnnupluwt dbpnnukph
hwdbdwinwlut yipnisnipmiin: Unwowpldws huykjwyhtt wpunwgnnidubph pnpupldui
b El Meslouhi” tjupwugpus dkpnputph hwdbdwndwt tyqunwlng juwnwpyt) E hinbyug
thnpdp: dkpgply kup Lunnulnyhly yuwnlkph vh hwndws, npp huybjuyghtt wpnwugninudukp
sh wupnitwlnmd b wyy wuwnlbkph Jpu ghubpugpt; EBup huybjughtt wpunwgnnudubph
tlwbwwnhy whpnypukp, npnup pnqupynid Gup El Meslouhi-h b wnwowplyyws dbpnnny:
Uhuptqué mhpnypubph pnyunpynudp El Meslouhi-h dkpnnh Yhpundw wpnniipnid PSNR-

6 C. Wengert, P. C. Cattin, J. M. Duff, C. Baur, and G. S'zekely, “Markerless endoscopic registration and
referencing,” in Proceedings of the International Conference onMedical Image Computing and Computer-Assisted
Intervention (MICCAI *06), vol. 4190, pp. 816-823, 2006.

" El Meslouhi, M. Kardouchi, H. Allali, T. Gadi, and Y. Benkaddour, “Automatic detection and inpainting of
specular reflections for colposcopic images,” Central European Journal of Computer Science, vol. 1, pp. 341-354,
2011.
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h dhohti wpdtpp unwgyky t  35,87dB, uhusphn wnwewplyws Ukpnnm| 38,1dB
(Pnpdwpynudutipp juwnwpyty ku 50 yquwnybkpubph pw):

Qqnthu 5 tdhpdws k dowldus pduyghtt unlbpubpnud wnuunnudubph poqupdwu
Spuwgpuyhtt hwdwlwpgbph  tjuwpwgpdwip, npnup hhdudws o Gpypopn  gruncd
Wyupugnjus hwdwpmwiwght pinpnih tpunpuynjjughwih dnghdhjughwh dkpnnh
Jpu:  Ljwpwgpynud G Spugpuyhtt  hwdwlwupgbph  hhdtwlwi  gnpdwnnypubpp,
oquuugnpénnh Jhqniwy hbunbkpdbjup, hyywhu bwlb npdiwluwb wpyniuputp, npntp
unwgdlp bkt dpwlyws Spwgpuyhtt  hwdwlwpgbph wolwwnwiph wpyniupnud: 5.1
wuwpwqpunid tjupwugpynid E Windows owkpughntt hwdwljupgh dhowquypnid wojuwung
thnpiwigdwtt uppwjubph (pnyughtt Ynpniuntkp) pnpuplhdwt Spuqpuyhtt hwdwlupgp:
hull Windows-h dhpwduypnid wopuwwnnn  “errConcealment”n niuh 4.7 UR swth: 5.2
wupwqpubnid tjupugpynud k Android oykipughnt hwdwlwpgh dhpwduypnid wouwnng
pYwhtt yuwnybkpubpnud tyunwluyghtt nhpnyputph pnqupdw spuqpuyhtt hwdwlupgp:
Android Oz-h dhpwduypmd  wpluwwnn  “inpainting.apk”™u nith 3.7 UR swth: 5.3
wupwuqpudnid tjupugpynid £ Eupnulnyhl wuwwntpubph pupbjuddwt hwdwlupgp, npp
hn dke ubkpwnnid E wnwewpljyws huykjuyhtt wpinwgninidubph wjnndwin hwjnbwpbpdwt
b ponnqupldwt dbpnnubpp, htywhu twb huynih wwulbpubph pupbjuddwt $hpnpbp:
Zudwlupgp wphwwnnd E Windows bt Android-h dhgwuypnud:  Android OZ-h dhgwuyypnud
wpfuwwnng “edoscopicApp.apk”-u niuh 3.5 UR swih, hull Windows-h dhowjuypnid wpjuwuing
“edoscopicApp”-pn nith 5.3 UL swth: Uwnnpl phpdws b dpwlqus Eugnulnuhl yuwnltpukph
pupbjuydwt hwdwlupgh oquuugnpénnh Jhqniwy hinbpdbyup Android OZ-h dhpwuypnu:

Origmal  Frocessed
Filters

Orignst  Processed
Reflections Mask
[ showMask None
Detail
Auto Mask
Grayscale
Threshokt:200
GrayScale Invert

Region Size:10

Process |
Filters

None

UTUSULLP ZPULUYUL UMBNRLALENT

o PJuyhtt yuwwlkpubpnd wnuunjws whpnyputph pnyupydwt hwdwp dowlytp
bt hwdwpujubughtt puwnpnigh bpunpuynjjughugh dbpnnh dh Unnhdhljugus
wnwppbpul: Unwowpydus dhpnnnid  wihwjn nppnypubph hwdwp wpuwywunhy
punpymud £ wowlhgnn whpnyph swihp, hugp bywunnud b Epunpuiynjjughuh
&oqpuinipjul pupdpugdwip [4-6]:

e Upwlyly k pyuyht wwulbpubpnd juwdwjwlwi bqpugstpn] twuwnwlught
nppnypubph pnpupiuut wppynitwybn pipugulung [3,4]:
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Uowldt) k Lunnulnyhly wuwnkpubpnid huybjuyhtt wpunugninudutph wjunndwn
hwjntwpkpdw b pnyupluwt unp dkpanubp [1-3]:

Uowldt L Windows OZ-h dhowduypmd wpuwwnng pduyhtt wwwnlbpbbpnod
pinjuyhtt Ynpnunkph pnpupdwi spuqpuhtt hwdwlwpg [4-6]:

Upwlyky Lt Android Oz-h dhpwqujpmd wopiwwnnyg swpdulub  uwppbpnid
bywwnwluyhtt mhpnyputph pnpupiuw Spuqpuyhtt hwdwlwpg [4):

Uowljdty E Windows U Android OZ-h dhguduypnid wpohiwwnnn  tunnulnughly
wuwunybkpubpnud huybjuyhtt wpunwugnmudubph  hwynbwpkpdwt b pnqupydub
Spuqpuyhtt hwdwlwpgkn [1-3]:
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Paspaforka u peajmu3anusi MeTOJOB COKPBITHSI IOBPEXICHHBIX  o0jacreli B HHUPPOBBIX
H300pasKeHus X

COKpBITHE HEM3BECTHBIX/TIOBPEKICHHBIX 001acTeil B TUPPOBBIX N300paKEHUSIX U BUACOMOTOKAX - 3TO
MpoLEecC, TMOCPEACTBOM KOTOPOTO COOTBETCTBYIONIME OOJNACTH 3aMEHSIOTCS Ha CHHTETHUYECKHE,
MpUATHBIE 11 rinaza oOo3peBaTerns. COKpBITHE HEM3BECTHBIX/IOBPEXKICHHBIX oOJacTell sBiseTCA
BaXHOW mpoOnemMoil B cdepe 00pabOTKM HHUGPOBBIX H300paKEHHH W HMEET UIMPOKUH CIIEKTp
IIpUMEHEeHHH. BayKHBIM MPUMEHEHUEM SIBISICTCSI COKPHITHE OJOYHBIX IOTEPh, KOTOPhIE BO3HUKAIOT H3-
3a omMOOK IpH Iepenade NUPPOBBIX M300paKCHMI M BHICOIOTOKOB IO ceTH. B cdepe oOpaborku
OMOMETMIIMHCKIX H300paKeHUIl, METOABI COKDBITHS IOBPEXKICHHBIX 00JacTell HCIIONBb3YIOTCS UL
yIyqnieHus: u300paxxeHHH. BaxxHol mnpoO6ieMoil sBISETCS COKPHITHE 3epKAIBHBIX OTpaKeHHH B
SHJOCKONMYECKUX M300pakeHusIX.  MeTOABl COKPBHITHSl Takke NPHUMEHHUMBI Ui pecTaBpaluu
onM(POBAaHHBIX CTAPHHHBIX (oTorpaduil, ymadeHUsS HEXKeIaTeNbHbBIX OOBEKTOB U3 IH(POBBIX
n300paKeHNH, yIydIlIeHNs TOBPEXKIEHHbIX OTIEYAaTKOB MaNbIEB, U T. 1.

Iporecc COKPHITHS HEM3BECTHBIX/TMOBPEKACHHBIX 001acTeil paccMaTpuBaeTcsl INIABHBIM 00pa3oM
KaKk 3ajaya annpoKCHMAIlMs HEU3BECTHBIX/IIOBPEKICHHBIX (ParMEHTOB C IIOMOLIBI0 HM3BECTHBIX
3JIEMEHTOB OKpPYXaIOIIMX oOjacTedl. Pemenue 3Toi 3amadu HEMpoCTOE, IMOCKOJIBKY IOBPEK/ICHHbIC
(parMeHTBl MOTYT HMETh pas3iHyHble (GOpMBI U pa3Mepbl. Kpome Toro, okpyxaromue ux oGiacti
MOTYT COCTOSITh W3 Pa3sHbIX KOMIIOHEHTOB, KOTOpPBIE HMEIOT Pa3INYHYI0 CTEIEeHb OJHOPOIHOCTH.
YacTto, B pe3ylbTaTe COKPHITHSI HEH3BECTHBIX/TIOBPEXKICHHBIX ()pParMEHTOB M3BECTHBIMH METOJaMH, B
KOTOPBIX HE YYUTHIBAIOTCSA CIENU(PHUIECKHE XapaKTePUCTHUKH oOnacTel, KOHEYHbIC PE3yNIbTaThI
anmpokcuManuu OblBaroT He TouHBI. Kak ciencTBhe 00pa3yroTCsl IBETOBBIE apTe(haKThl, BO3HUKAET
pe3Kasi moTepsl KadecTBa, MCKa)KEHHE IeOMEeTpHIecKuX (opM o0bekToB. Kpome TOro m3BecTHO, 4TO
OOJIBIIMHCTBO METOJIOB HE IPHMEHUMEI JUIsl YCTPONCTB, MMEIOIINX OTPAaHWYCHHBIC BBIYMCIHTEIbHBIC
BO3MOJKHOCTH.

[Mo BBILIEYTOMSHYTBIM NPUYMHAM, COKPBITHE HEM3BECTHBIX/TIOBPEKICHHBIX oOJlacTell B HU(POBBIX
N300paKEHUSIX MO Ceil JeHb SBISETCS aKTyalbHOH NpOOIeMOHW M TeMOH IS MHOTOYHCIEHHBIX
HCCIIeI0OBAaHUM.

Bo3Hnkaer HEOOXOOMMOCTH B pa3pabdOTKE METONOB M CHUCTEM IIPOTPAMMHOTO OOECHEeUYeHHS I
3 PEKTUBHOTO COKPBITHS HEM3BECTHBIX/TIOBPEKICHHBIX (PPAarMEHTOB B HMU(PPOBBIX H300paKEHUIX U
BUzieo0. Pa3paboTaHHBIe METOMBI M CHCTEMBI IPOTPAMMHOTO OOECIIEUeHHs JOJKHBI OBITh MPUMEHHMBI
Jutst pabOTHI HA YCTPOICTBAX C OTPAaHNIEHHBIMH BBIYUCIUTETBHBIMHA BO3MOKHOCTSIMH.

Lenwpro naHHOI quccepTaluy SIBISIETCS pa3padoTKa OBICTPBIX M 3()(HEKTUBHBIX METOJIOB U pean3aliii
JUIL  COKPBITUSL HEHM3BECTHBIX/TIOBPEKICHHBIX (parMeHTOB B LHUMPOBBIX H300POKEHUSIX U
BUJICOTIIOTOKAX, KOTOPBHIE YYUTHIBAIOT OCOOEHHOCTH HEW3BECTHBIX/TIOBPEXKACHHBIX (PAarMeHTOB U
OKPYKAIOIMX X PETHOHOB.

Hayunasi HoBU3HA

e Pazpaborana >¢p¢exTrBHas U ObICTpas MOAW(PUKANUS METOJA YaCTOTHON BBIOOPOYHOM
9KCTPAMOJISILIUH.

e  PaspabGoTaH rHOPUIHBIA aNTOPUTM AJIS COKPBITHS IOBPEKICHHBIX PETHOHOB, MMEIOLINX
HPOU3BOJIBEHYIO HOPMY.

e  PaspabGoTaHbl HOBBIE METOJBI ULl ONMpENEICHUS M COKPBITHS 3EpKaJbHBIX OTPaKCHHWil B
9HIOCKOINYECKUX H300paKECHHSX.
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e CozmaHo mporpamMMHOE oOecredyeHue, peaar30BaHHOE Ha 0a3e ONEpalOHHBIX CHCTEM
Windows u Android, it COKpBITHSI HEH3BECTHBIX PETHOHOB B HU(POBBIX H300paKEHUIX

e CozmaHo mporpaMMHOe oOecredyeHue, peajn30BaHHOE Ha 0a3e ONEpallOHHBIX CHCTEM
Windows u Android, nai1s HaXOXAEHHS U COKPBITUS 3€PKaJbHBIX OTPKCHHH B
9HAOCKOIUYECKIX H300PaKCHHSX.

IIpumensieMocTh pe3yJILTATOB

Pa3paboTaHHbIE METOABI  COKPBHITHS  HEHM3BECTHBIX/TIOBPEKACHHBIX  o0nactedl B IHU(POBBIX
N300paKEHUSIX W BHAEONOTOKaX MOXKHO HCIIOJB30BATh UISI COKPHITHS OJIOYHBIX IIOTEPh, KOTOpPHIE
BO3HUKAIOT M3-3a OMMOOK IpH Iepenade MU(POBBIX N300paskeHNH, Ul pecTaBpanuy onu(poBaHHBIX
cTapelx (Qororpaduii, yaadeHHs HeXeIaTeIbHBIX OOBEKTOB, COKPHITUS 3€pKAJbHBIX OTPAXKEHHH B
SHJJOCKOIIMYECKHX M300pakeHHsAX M T.1. Pa3paboraHa cratmdueckas OHMOIHMOTEKa U COKPBITHS
MOBPEXJCHHBIX PETHMOHOB MOXKET OBITh BHEIpPCHA B JIIOOYIO MPOrPaMMHYIO CHCTEMY, B KOTOPOH €CTh
3aJa4a BOCCTAHOBIICHHS/YTyUIICHNS TIOBPEXKICHHBIX 001acTell B H300paKeHUAX.

Honomemm, BBIHOCMMbIE HA 3a1LIUTY

e  AJropuTM IS COKPBITHS MOBPEKACHHBIX 00NacTell B HUPPOBBIX M300paKEHUSIX, KOTOPBIH
AQHATM3UPYET HEM3BECTHBIC/TIOBPEKICHHBIC 00JACTH, pa3Ae/isieT UX Ha KOMIIOHEHTHI M JUIs
KaXJIOTO KOMITOHEHTa BHIOUpaeT 3 (PEKTUBHBIN BCIIOMOTATEIbHBIA PETHOH.

e  AJTOPUTM I HAaXOXICHHS M COKPBITHA 3EPKaJbHBIX OTPAXKCHUH B IHIOCKOMMYECKUX
HM300paKEeHUAX.

e IIporpammHoe obecrieueHHe, pealn3oBaHHOe Ha Oase omepanuoHHbIX cucteM Windows u
Android, s COKPBITHS LEIEBBIX PETHOHOB B LIU(PPOBBIX H300PAKEHUSX.

e IIporpammuoe obecrieueHue, peann3oBaHHOe Ha Gase omeparmoHHBIX cucteM Windows u
Android, s HaxOoXICHHS W COKPBHITHS 3€pKaJbHBIX OTPKEHHH B 9SHIOCKONMHYECKHX
M300paKEeHUAX.

OcHOBHBIE pe3yJbTaThl JHCCEPTALMH

e Jlusd COKpBITHA TOBPEKACHHBIX obOyacTeii B IHGPOBBIX HM300paKeHUAX pa3paboTaHa
a¢pexTrBHas U ObICTpas MOAU(HUKAINSA METOa YaCTOTHOW BRIOOPOYHOH dKCTpamosiud. B
Ipe/laraeMoM ~ METOJe Ul HEM3BECTHBIX  PETHOHOB  BBIOMpaeTcs — aJanTHBHAs
BCIIOMOTaTebHast 00J1acTh, YTO CIIOCOOCTBYET YITyUIICHHIO TOYHOCTH SKCTpanossiuu [4-6].

e  Paspaborana ¢ dexTuBHas npouenypa IUisi COKPBHITUS MOBPEXKICHHBIX PETMOHOB MMEIONIHNX
MPOU3BOJbHYIO (hopmy [3, 4].

e  PaspaboTaHbl HOBBIC METOJbI [UIsi HAXOXKICHHS M COKPBITHS 3€pPKANBHBIX OTPaKCHHil B
SHIOCKOMUYECKHX U300paxenusix [1-3].

e  PaspaboTaHo mporpaMMHOe oOecrieyeHre, pealn30BaHHOE Ha 0a3e ONEepaliOHHON CHCTEeMBI
Windows, mi1st COKpbITHS OI09HBIX TOTEPh B U(POBBIX n300pakeHusx [4-6] .

e PaspaboTaHo MOOWIBHOE @POrpaMMHOE OOECICYEHHE, pealn30BaHHOE Ha  0ase
oneparoHHON cucteMbl ANAroid, st COKpPBITHS LENEBBIX PETrHOHOB B  LH(POBBIX
n300paxeHusx [4].

e  Paspaborano mporpamMmmHoe obecredeHue, peaJu30BaHHOEe Ha 0a3e ONEpalMOHHBIX CHCTEM
Windows wu Android, mis HaxoXAeHHs ¥ COKPBITHS 3epPKaJbHBIX OTPAKEHHH B
9HIOCKOIMYECKUX H300paxkenusx [1-3] .
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Development and implementation of methods for concealment of corrupted regions in digital
images

Concealment of unknown/corrupted regions in digital images and video is process of replacing the
targeted areas with synthetic regions pleasurable for human eye. Concealment of unknown/corrupted
regions is important problem in field of digital images processing and has variety of applications.
Important application is concealment of block loses occurred in digital images and video in result of
erroneous transmission. In processing of biomedical images concealment methods are used for image
enhancement. Important problem is concealment of specular reflections in endoscopic images.
Concealment methods are also used for reconstruction of digitized old photographs, removing of
unwanted objects from digital images and videos, enhancement of corrupted fingerprints, etc.

Concealment of unknown/corrupted regions in digital images is mainly considered as a problem of
approximation of unknown/corrupted regions via surrounding known samples. The solution of this
problem is not trivial, because the unknown/corrupted regions may have various shapes and sizes. Their
support areas may be composed of various components, with different homogeneity levels.

Often concealment of targeted regions via known methods, which do not consider the characteristics
of targeted regions and support areas, provides not accurate results. In result of concealment color
artifacts, distortion of object’s geometric shape, loss of quality occurs in concealed areas.

Considering the above mentioned concealment of unknown/corrupted regions in digital images and
videos is still actual problem and it is topic for numerous researches. It is important and urgent to create
methods and software systems for efficient concealment of unknown/corrupted regions in digital
images and videos, which will take into consideration characteristics of unknown area and its
neighboring regions. The developed methods and software systems should be suitable for devices with
restricted computing capabilities, such as smartphones and tablets.

The aim of this thesis is to develop fast and efficient methods for concealment of unknown/corrupted
regions in digital images and videos, taking into consideration characteristics of unknown areas and
their support neighboring regions and to develop high performance software systems for concealment
of different types of corrupted regions.

Scientific novelty

e Developed an efficient and fast modification of frequency selective extrapolation method.

e Developed a new hybrid algorithm for concealment of arbitrary shaped corrupted regions.

o Developed new methods for detection and concealment of specular reflections in endoscopic
images.

e Developed Windows and Android OS based software system for personal computers and
mobile devices respectively for concealment of targeted regions in digital images.

e  Developed Windows and Android OS based software system for personal computers and
mobile devices respectively for detection and concealment of specular reflections in
endoscopic images.
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Applicability of the results

The developed methods for concealment of unknown/corrupted regions in digital images can be applied
for concealment of transmission errors in digital images, reconstruction of old photographs, unwanted
object removal in digital images, concealment of specular reflections in endoscopic images, etc.
Developed static library for concealment of corrupted regions with help of binary mask can be
integrated in any software system which needs such functionality.

The following statements are presented for defense:

Algorithm for concealment of corrupted areas, which analyzes the missed areas, separates
into components then for each one chooses efficient size of support area.

Algorithm for detection and concealment of specular reflections in endoscopic images.
Software system for mobile devices and personal computers for concealment of unknown
regions in digital images.

Software system for mobile devices and personal computers for detection and concealment of
specular reflections in endoscopic images

The main results of the thesis are:

Developed fast and accurate modification of frequency selective extrapolation method for
concealment of block loses in digital images [4-6].

Developed an efficient procedure for concealment of arbitrary shaped targeted regions [3, 4].
Developed new methods for detection and concealment of specular reflections in endoscopic
images [1-3].

Developed Windows based software system for concealment of block loses in digital images
[4-6]

Developed Android OS based mobile application for concealment of targeted regions in
digital images, which allows users to select targeted regions [4].

Developed Windows and Android OS based software systems for detection and concealment
of specular reflections in endoscopic images [1-3]:
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