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Combined processing algorithm

rrenes Registration rrane 4 Filtering cranes 4 Reconstruction
Frame 1 Frame 1 - Frame 1 -
Frame 2 ) ) Frame 2 ~ Frame 2 ~ )
Estimate the relative Compensate Estimate samples
. shifts between . for presence . on uniform grid o
. observation frames : of degredation , with high sampling Reconstructed
and noise rate high resolution image
Frame n Framen Framen 9 g
Noisy low resolution

measurement images
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71N 1 12985 19229M1965990 N A NALLREAGIAINNINAITNATLIBE AR
4.3 NMFASNNMNANMNALLALAFGIENINAINANALALAANIALAT Regularized ML

TAnUsraaAnana89nN9aENNINANNAZBEAFILLL SR ABTIEINIILNINANNAZIBL AR
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F : N9EUIUNIT Wrap uld Affine Block-Based
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(c) The Relation between Overlapping Blocked HR Image

and Overlapping Blocked LR Image Sequence
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4.3.2.1 N13Uszunnd ML (Maximum Likelihood) Ll L

o < A % , '

nstlszannunuy L lunisdssannuuuniianinisldauatiieunsvans
IHagaINNILszanuiLL L azilaaununiuse dtya1nsunausinndinslss iy
L, asanarayiusassfeiduuuy L azdAinsiuazaniausnisdssunniiuy L agl
AN BEUTNgIndINIslssILUY L, 131azatunsaninuailguinisaiieninaniy
azidangelaanislszanns ML (Maximum Likelihood) wiiu L, Iagildnns Regularization 161
pagnNsAalLil

N
X = ArgMin ZP(!kaDkaFkl)

X k=1

TIRINITOATUIUNANRALBSANN13T 19U LA TAAT Steepest Descent AasialLlil

~ ~ N ~
Xon =X, "',B{(z R Hg Dy Sign(DkaFkin _Xk)j}
pa

N N
Error (Z\DkaFkl—L\orZM\j
k=1 k=1

N N
Noise (Z(DkaFkl—ik)orzvk]

N k=1 k=L
- N >

N 3 N LAAIANARN LS IRen s ML - Ly

4.3.2.1.1 n3tlszunnd ML (Maximum Likelihood) wiit L, Taeildnng Regularization Wiiw

Tikhonov

HBNRINNISATINNINANDLDEAGIEIUUL SR - iludlaunauuy ill-pose
o o = = o % 3 A o A ¥
muum@L%wa‘@mwmm@u@m@mmmmb (X)) "agnRanuauimduldifuanune nng

AMuuARandy Regularization AR ENMNIZaNEMTLN1I/NTANALRALVTRNINAINN

azaaganAunld (X)) miuhl/ldfsiusmaruisamuinninauazidangs (X ) 1
vls

N
L=ArgMin{Zp(1k, DkaFkL)+lY(L)}

X k=1
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A : Regularization Parameter
Y( ) : sleridu Regularization
#arid Regularization Wiy Tikhonov MBenldanuninsigame Laplacian Kernel Aauans

Fagnn17Fa ln

Y(i)z"l‘ﬁ”i e T e Highpass Operator agnauaunssieliil

1 11

et ==|1 -8 1| (Laplacian Kernel)
1 1 1

v

A=Arg|vlin{i|xk, DkaFkl|+||Tl||§}
X

k=1

TIRINITD AU AR LABSANNN9T9LL A AEAT Steepest Descent sasalilil
0 | 2

— 12 IDHFX Y+ 2:(CX ) =0

oX liz

N o 0
Z{G_X”DkaFki_iknl}""aX/l i (FL)Z =0

k=1 EAS

~ ~ N ~ ~
Lml = in + ﬂ ’ {[z FkT H II DII Sign(Dk H k Fk ln _ik )] N (j’ ' (FTF)Ln )} (6>
k=1

X, 1 WAmasENAuTanIwANAzIBng IEENAUNA W tasia l udaazun 1
RINNNTUNNINANNAZIBEAAINIHILNIZLALNS interpolation

! . = ¥ Al ! - A o® ~ =
IB . A1 Weight m@mmummnmq@ummmmmnwa (LNRAATNLADET)

4.3.2.1.2 nstlsznnne ML (Maximum Likelihood) wuu L, Taeldnis Regularization wiiy
BTV

WasWerfdu Regularization wuy BTV anganiunsdszanaiauuy ML wdaasl@malilil

X = ArgMin i”DkaFkl—ik"ﬁ ZP: el
X k=1 | 0

=—Pm=

x-sis7x]

1+m>0

W Regularization Ll BTV (Bilateral Total Variance)

Yory (l) = ZP: Zp:a\li\

|=—P m=0

X ~sisyx| e 1+m=0

P : sANI849 Neighborhood Pixel (P =1,..,5)

S, : mMaaauuiuaulliu | Altauas S) : malaeuuwIAslldwIm m Aiia
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a : Scalar Weight Tagt 0 < <1

FIAINITOATUIUUNAIRALIBIANNN3E 19U INEAT Steepest Descent Aasa bil

lnﬂ = Xn +ﬁ‘ (i FkTHkT DkT Sign(DkaFan _Xk )j_ ZP:ZP: a\m\+\l\(| - Sls;“)-sign(X— SLS;HX)
k=1 1=——Pm=0

1+m>0

4.3.2.2 nM31szand ML (Maximum Likelihood) wutl L, Tnerldnns Regularization

nstlszanniwuy L, iiunisilszannanisnianadnisldauatnsunsvans
dl i = rd‘ C: 1 aa o 1
iasainnistszanniiuy L, AMEeuinaingnasnaslszanniuiy L bagn1saiuaman
nsptufazdandudauausifnastsznnuun L, azldnuniusadynyinsunou 190
azarnnsnnmuailynInasaiaenInAnaziaangilaanistssuins ML (Maximum

Likelihood) wuu L, éssannnasialila

N

L:ArgMin{Z(DkaFkl—\ik)z}
X

A k=1

BIANNNTDATHIIINANRaLTRdA NN 3T 19U U LATREAT Steepest Descent fasa il

Xnﬂ =Xn "’ﬂ{i FkTH;D; (Xk - DkaFan)}
k=1

N

N
Error (Z(DkaFklfik)zorZij

k=1 k=1

N N
Noise (Z(DkaFkg—xk)orZij

k=1 k=1

NN 4 nauaasANANAuTIaN1TUszRnd ML utiu L,

4.3.2.2.1 nastlszanad ML (Maximum Likelihood) wuw L, Taeldin1s Regularization wiiy

Tikhonov

i1azamnsanmuatlymInisaianInaNazidangalnenislezunm ML

(Maximum Likelihood) utit L, Taeildnns Regularization léasannissalilil

A=ArgMin{i||DkaFkL—1k||§ m-(ri)z}
X k=1
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o o ¥ aa o 1 dg/
L‘mmm:‘mmuqmmmmmm@umﬂwuﬂmmm Steepest Descent mmiﬂu

] {ZN:(DkaFkl—Xk)z +/1'(Fl)2}=0

ox | &
ZN:i(DHFX—Y) +i/1( Xy =0
~\5x kMM A ™ Lk aX -

Mz

7\_
Il

FTHI D] (DH,F X Y, )J+T7-1-(TX)=0
(

FkTHkTDkT DkaFkl_Xk)}+/1'(rTr2(—):O

iR,
{

Mz

=~
Il
=N

iFkTHkTDkT\ik (iFTHTDTD H FkJLJrﬁ.(rTr)A:o
k=1 k

ZN:FkTHkTDkT\Lk [(iF H, D/ D,H F]+ﬂ, (C'r )jx 0
k=1
N
)3

FTHID]Y, ([ZN:F H D/ DH FJ+/1-(FTF)J§:O

k=1 k=1
P
Xn+1_Xn+ﬂ (E RX )
X Xn+ﬂ-((iF HIDIY j HEN:FKTH D/ D, H ij (C'r )JLJ
k=1 k

Xnﬂzin+ﬂ'((iFkTHJDJ!kj_([i FkTHkTDkTDkaFk]J”l'(FTF)JXJ
k=1
Xnﬂ:Xn_'_ﬂ'{(ZN:FkTH;DT(Y D H F x )j (A(FTF)XM)}

4.3.2.2.2 natlszannd ML (Maximum Likelihood) wuti-L, Imeil#nis Regularization Wiy

BTV

X —s'sm xH

=—Pm=0

X = ArgMin 2||D HFEX-Y, | +ZZ "
1+m>0

[ o dl aa o 1 dy
BIANNNTNATUIUMNARBLIABIANNIN (9) 1AEAT Steepest Descent Aasalil

~ ~ N ~ ~ ~
lnﬂ :ln +ﬂ' [ZFKTHII DII (Xk - DkaFan)J zz amHl‘( _S>I<S}r/n)5|gr(l _S:(S;nl)
k=1 I —Pm=0
I+rTBO
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4323 n19dszunas ML (Maximum  Likelihood)  wuy Huber Norm  Iag/ldnng

Regularization LU Tikhonov

n19seNnLUL Huber Lﬂumﬂﬁﬂm@ﬂizmmﬁ'ﬁuﬁﬁgﬂ@@nLmﬂﬁﬁ
ANNNUNIUFADATY QYN TUTLNIUAINIUASENINAUNNT LTz U Na A LA sz
WL Huber asfldnunusmiiowiunistsyannuuy 12 dmsudoyqnnisunauislaunalal
unusasdansurmieuiunislszanuy L1 e ”m&m&mmiumuﬁﬁmmmpﬁq&u
Weridu Influence 89N1TUITNIULLIL Huber @xﬁﬁﬂwm:l,ﬂuﬁﬁuﬁumuﬁmmz@ﬁyﬂm
ﬁ‘UﬂQuLﬁ’ﬂﬁﬂaltyﬂmﬁ‘Uﬂ’Juﬁmu’]ﬂVLtLiﬁﬂﬂLLﬁiW\ifﬁ/u Influence A84N13UFENDULLIL Huber
%ﬁﬁnwmuﬂummﬁ'LL@zis\i%uﬁumuqmmzﬁ"aalm&nmiunquﬁfazﬁ”m&@ﬁmmmuﬁmmmmﬂ
1nazaNIsnIuuAlnInfTaiNn wANaziaangelaenislszinme ML (Maximum

Likelihood) wuu Huber lagldnng Regularization lansannssa lUil

N
X= ArgMin{szUBER (DkaFkl_Xk)"‘/I'(rl)z}

X k=1

LN
~ X2 X <T
Poues (X) = T242T(+T) Sx>T

o o £ as [ dgj
mmmmmmmmmmmmmmﬂwuuimmﬂfm Steepest Descent @\‘lmﬂiﬂu

N =
A A ZFKTHIIDII'pI'-IUBER(Xk_DkaFkLn)
Ln+l = ln +ﬂ' k=1

()%
2X X <T

Phueen () = 2T-sign(x) i[x[>T

4424 n1sUszanne ML (Maximum  Likelihood) wuy Lorentzian Norm  Imeldnng
Regularization LUy Tikhonov

nsUsTNnaUL Lorentzian dWiumatianisdssnnndsniengnasnuuy il
ANNNNUNIUADATY Y ITUTLNIUAINNIUIRENIA NN T s UN AT A laaN1TU seu

WU Lorentzian azflWerfdu Influence Aufuawinaasdnynynmsunawiladoyoinsuniud
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P11a lNUARSTEY Influence 189N19L sz DIMLIL Lorentzian azdldneniziduanasau
navdAnuguduazldauiusuaresdnoiusunauile &y usunaul s AN 197
azarnnsonmuailyuinisaieninasuazidangelaanislssuns ML (Maximum

Likelihood) wuwl Lorentzian Taeildn1s Regularization t@segunissia ldil

N
X= ArgMin{szOR (DkaFkA—Xk)+ﬁ,-(Fl)2}
k=1

X

A
bR

Pror (X) =log 1+i(ij2
LOR 2 T

I o ¥ aa o 1 dg/
BIANNNTNATUIUNNATRALBIANN13119 LA TARAE Steepest Descent Aasa il

X

N
X= ArgMin{ZlDLOR (D HFX =Y, )+ 2w o (Fl)}
k1

A
tNR

1{ x
=log|1+=| —
VL or (X) 09| l+ ol T

9

4.4.2.5 n9ilszannd ML (Maximum Likelihood) Wiy Tukey Norm Tagildinns Regularization
WUy Tikhonov

n1sdszannuiuy Tukey Norm L‘flumﬂﬁmm@ﬂﬁ‘zmma‘ﬁuﬁqﬁgﬂ@ﬂﬂLL‘].|‘1.|
T A ununuAe A IMILNLaINIIUASanIIAIunI sz un1eaiiflaanig
sz Tukey QeRerduU Influence 289n13LsELULL Tukey TutannTes
Fryoynousunauidiedyanusunauiiune ldunnusiflei Inflience 2990719158 LU
Tukey %ﬁﬁﬂwmuﬂmmmwmﬂu@uﬂ‘mﬂﬁuﬁwmmmﬁmmﬁmmmmﬁ'm@mﬁm
FUNIURIUIANIN 1Az ANN TN MUATTUIN19aF NN WA NAIBE AgalaE N1 sn

ML (Maximum Likelihood) wuwl Tukey Imelinng Regularization léseannismalulil

N
A:ArgMin{ZpTUKEY (DkaFkL—Xk)Jrﬂ,-(FA)Z}
X k=1

e
2 4 6
X* X X
- X <T
PTUKEY(X):
1 )
E :otherwise

o o 9 ac o 1 dqj
L?W’&’WJ’]?Gﬂ’]u')m‘Vi”lﬂ’]mﬂumﬂﬂ@ﬂﬂ’ﬁﬂ]’mﬂutm@ﬂ')ﬁ Steepest Descent mmiﬂu

@
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N ~
z FkTHIIDII * Prukey (!k - DkaFkin)

A

Xou=Xy+ 13
(2T Wiy (TX, )
e
2
Ve (X) = x[l—(x/Tg) } X <T,

0 :otherwise

4.4.3 m@mi‘wm@@mqmm’i’wmwmwmxLﬁs;lmqumu SR b1l ML

3 k%

e ludautlazna1089n 19N aedLa S NANIINARRIUBIT ANEINHNNTE5
nwannANaziaangetialna lwmatianisssunnniiaiane (Huber, Lorentzian WAz
Tukey) I T aridu Regularized LU Laplacian, Huber-Laplacian Lorentzian-Laplacian
uay Tukey-Laplacian AMNANAL LAYNIINAABIHAZLTE LT UNAN1INARBIAINANALING

[ 3 a KR % = QI Y a dl ¥
NIINARBITBNEANBITNNNIATNNINAINAINAZ LB Ageela i IHimaTAnTsUse N Wi 1

Taewinlyl (L1 uag L2)

nnnaaadtnauninalilannsy MATLAR tavaziisniwaanitluudanine

WAATLIAANATHIUNA 8x8 Nima NNA 9 1NN AaBIRARNIN Susie (Frame 40) TIHIUA
176x144 NGAUATNIN Lena 1UNA 256x256 Ada N1TA5INAINANNAZID AR NG T4 L1

nsnaaastaziflulifaglselis

@
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Warping Blur Down Sampling
- Translfation - Gaussian (2x2)
- Vertical low-pass filter
- Horizontal -size 3x3
Noise,
Original Warping, =T -
- » Blur » Undersampling »» LR Image
HR Image - No Translation = '
Noise,
Warping, = -
> » Blur » Undersampling }» LR Image
:Vertical Translation = :
Noise,
Warping, 5 | -
> c » Blur » Undersampling }» LR Image
:Horizontal Translation = :
Noise,
Warping,
» :Vertical Translation » Blur » Undersampling »» LR Image,
:Horizontal Translation

A o o a o A
NINN 5 Iﬂi\im"]\ﬂlﬂ\iﬂﬁ?@?'}ﬂﬂﬁwﬂ')’mm:l,@ﬂmﬁl’]LW@iﬂuﬂﬂiV]m@m

NN3A519NINAINNALDLARIANUIU 4 AINALEHIALNITEIAINALNN

AZDUAGISUHIUNIZLIUNG Blur (WAR1889N219UN"3 Blur MR nHeridu PSF 289
2 o K =) o v K ) o o

naagtufinAn) uazastin llanuunanin 2x2 uaeanidoanmsunauliduanduninmang

azRaanNaenalfasnaneduninaNazi@aanInInLen (LR Image1) n1s@519n

QY ~—

]
=3

ANHAZIBAAANN NN AN G IneN1sHIn WA INAZ IR e AgIS AL IBLWIFINT NI a LAY
P11l unsuaunig Blur  (WWBRNA9N9ZUAUNIS Blur AtiAannWarndu PSF - 184nand
o =K 3 o v =K o o o
dunnnin)  wazasiildasawianan 2x2  waeasiadryaanistinaulduaniuniwaany
avide AR Ra9DelsasnaneLiunInANaziaARNNINTZed (LR Image?) N1745190 N
al 0I dl o 9 o al £ dl dl a
ANNATIBLAANNINNANNTIN LA IAEN19ENININAINAZ LB EAQIAWAD L LU LI B UN TN LA
WA T | UNsTUARNNS Blur (MIaa1484n32191013 Blur Mkinanndaridi PSF 289naed
o K 3 o v =K o o [
Tunna)  uazastldamauinnin 2x2° wdaastindoyonmsunauliluaniuninaaiy
= o A o = 1 um o = o - o
avipeanInai9islsasnatedunInaNaziaeARIA NN (LR Image3) n13ad1anIn
= ol ai ) ) a £ ﬁl :l/
ANNATIREAANNNT AR LA taENMsEIN AN AT DL AIsULARE LLUIA T T LI LAY
niaEaLAfun llHN1NZuUNIT Blur (WNBR1889092UA1WANT Blur Minanniandu PSF
2 o K =) ) v K o o o
gaandastiuinnin) uazasirldanaunianin 2x2 udaasrindoysunasunawlduandunin
AMNAIBLARNTdF 9D IdRenaneun nANazBEARNNINTA (LR Imaged)

NMIANUAAIT8AIUL9F9) 2B9N1TNARRIHEL 1T UAT Regularized

'
=

Parameter, Step Size, Norm Constant azvnlfainsiautlsnialininasinaziasngaes

a5191ulHaNN1IMARBINANYNABILATHAT PSNR  g94AATIUNISAWIIMNANF9LLS
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74| 1UN19INARAINAIFABIATUI LT INAEASILAZ I NN M UAAT S LU TIUA 1 Tati NN

d‘l £ % ol/ 7l 1 o dl b o v o 1 = % dl
LW@I‘MN‘LAI@1WJ’]ﬁ’ﬁlﬂﬂﬁl']LLﬂﬁ‘V]vLﬁ@ZVI’WELMN@ﬂWTV}ﬁ@ﬂﬂmx‘iﬂ@’]']&lﬂ']ﬂugﬂ[ﬁlﬂ\mﬂmﬂ@ﬁ]
4.4.3.1 AN Susie (Frame 40)

4.4.3.1.1 neoun IR &ryaunausunau
= ¥ ¥ o dl = o

NINAHAZIBEAGIFULLILILAAY T AINING B(a-1) UAZNIWANAZIBHARN
niunnliuanslisanng 6(a-2) nanArnazidaagenaZwIuiaan slszaNLLL L1 18
14#ridu Regularized Wil Laplacian, NMwANAzIBengsnaisaulaenislszunniuy
L1 1feldieridu Regularized wil BTV, A uazidenganaiisaulnenisdssunouy
L2 faldWaridu Regularized LUy Laplacian  uazn nANazidangenassiulnanis
Uszannuuuy L2 el Regularized Uy BTV wanslimasily 6(a-3) fa 6(a-6)

a

ANNANAL

1 ¥
v

= = dl 73 6 o
nnANATIBEAgNaE9aulnaNsLsE N LTI Huber 1l ldWaridu
. . = o 9 X ~
Regularized LLWUd Laplacian, mwmm@u@ﬂng\mmwmu‘imama‘ﬂizmmmu Huber {8
1dWaridu Regularized Wil Huber-Laplacian, N1nAMNAzREAgINai19auTatnIg
Uszannuuuy Lorentzian 1l ldWsridiu Regularized Witl Laplacian, NMWANALIBEAZNT
a¥193ulnanisdsennnuuuy Lorentzian  Lie ldWaridu Regularized WUy Lorentzian-
Laplacian,  AIWANNAZIDEAgINATIsIulaENIsszRamuLIL Tukey  tHaldWaridu
Regularized i1l Laplacian, NMWAINAZIBEAZ9NAT 9T UIAINAT s uuLIL Tukey 1Ha
TdWeridis Regularized Wil Tukey-Laplacian Wanslinagiln 6(a-7) 019 6(a-12) AMNAIAL
ANuan1INAaadaziiulidinaslsennniuuy Huber, —Lorentzian WA Tukey Azl
UszAnBNINgINIINITLITTNILLIL L1 uaz 2 szinns 1-3 dB ANNANALLATNINAATIY
dﬁ( . v o 1 dl % 4?
ulpenisdszanniuuy Huber, Lorentzian @ Tukey flaiimanuandaninnaniaisaulng

AnnsLsEanniLLy L1 kas L2 Bnsog

4.4.3.1.2 nsdiRfidryrynnisunautssian AWGN

nsnaaesludiuiiazinunaunnted Fryryrnusunailu 5 szfuma SNR
HeAflu 25, 22,5, 20, 17.5 uay 15 dB muasuTnen nAINAZIBEAgIRLLLLILARS LH A
gﬂ‘ﬁ' 6(b-1) D4 6(f-1) mm"m”‘umemwmwauﬁﬂmﬁqﬁﬂuﬁﬂiéﬂmmiﬁﬁqgﬂﬁ 6(b-2) D4

6(f-2) ANNAAU

@
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73

fsunsdiifi fryynnssunauiiingesnsiaesn SNR Sfnuan (SNR e
25, 22.5, 20 dB) wAIN19LsEaNILLIL L2 azxdilsrAnsnngandiniatsennuniy Huber,
Lorentzian Wedantaslasnisdssinaiiuy L2 way Huber, Lorentzian famad
se@nanIngInInnstlssnnniuuy L1 mwmm@u%ﬂm_gqﬁa%m%uimamaﬂa:mmmu
L1 el Regularized WUy  Laplacian, mwmm@:lﬁﬂm@qﬁm%‘ﬁﬁu‘immi
Uszannuuy L1 @eldaridu Regularized wuy BTV, mwmm@z@ﬂm@aﬁm’fqﬁuimmmi
Uszannuuuy L2 e ld#aridu Regularized wuU Laplacian uaznmenuazidengaiaing
Fulaennstlszanouy L2 weldiarddn Regularized Ly BTV, mwmqmzﬁﬂm_ﬁ\‘iﬁ'a%q
Tulnenssrannuuy Huber e sy Regularized WUU Laplacian, AIWAINN
zm%ﬂm_g\‘rﬁ'm%ﬁuimﬂm?ﬂizmmmu Huber ey Regularized wuu Huber-
Laplacian, mwmwmﬁﬂmqqﬁzﬁqﬁuimmmiﬂi:mmmu Lorentzian  1iialdarid
Regularized WU Laplacian, .m‘Wm’m@::Lﬁf;lm@ﬁ@%w%ﬂmamﬁ‘ﬂﬁ‘mﬁmu‘i_l‘]_l Lorentzian
el Regularized wull Lorentzian-Laplacian, mwmﬁmuﬁﬂmqﬁm%’qﬁuimmmi
szannuluy Tukey el Regularized Wiy Laplacian, mwmm@z@ﬂmpﬁm’éﬁq
Fulaennstlszanou Tukey et Regularized WUy Tukey-Laplacian wanslag

o

317 6(b-3) 19 6(b-12) AUFLNIRN SNR=25dB, Lanalanegii 6(c-3) 09 6(c-12) &y

a

1 1
=

N3EUN SNR=22.50B Lasianalfsasilil 6(d-3) 04 6(d-12) &11sunscii SNR=20dB

U

AUFUNINNA NI UNIURNTIA9497170 A7 SNR HANtat (SNR HATLTy

[oAS a

17.5, 15 dB) wdanstlszannuiuy Huber, Lorentzian azdiilsz@nsningandinisilsyun

1 ¥
v

Wiy L2 war L1 nanAnnuazidanganassaulaanisdesuaniuun L1 e ldderidu

v

Regularized Wil Laplacian, NMWAMNAZIBEAANNASNTUIAEN1TUseR Uy L1 1iald

'
a9

Warid Regularized Wiy BTV, anAnuazidanganainslulnanistlsyunnuun L2 e ld
#arid Regularized Wil Laplacian UaznIWAINAZIBAEINAT 1IN sza LU
L2 ialdieridis Regularized uiiy BTV, nawAnnuaziatnganaisaulngnnslssunnuu
Huber 1Ha g Regularized WUy Laplacian, NIWARNazidangefiaieaulaanig
Uszanninun Huber Wald#sridis Regularized Wil Huber-Laplacian, MWAINAZIBHAZS
NaF191ulnenisdszanniuy Lorentzian e ldWaridu Regularized wuu Laplacian, A
U S 1 Cd s e .
ANAIBEAgeNaFNTuTnansUsEnuuUY Lorentzian e ldWsridu Regularized wuy

. , = Ay X P
Lorentzian-Laplacian, m‘wmma:mﬁm23\‘11/1mﬂwu‘ﬂmﬂmiﬂi:mmuuu Tukey el

Weridu Regularized WU Laplacian, WA Naziasaganaistulnanislssununu

@

TA53N13398399 Taulszanar 2549 129 AN 30 AueeU 2550



b

Tukey el Wi Regularized wuU Tukey-Laplacian wansl@sast? 6(e-3) D4 6(e-12)

u

An3UNsTiN SNR=17.5dB uazuanslfnagii 6(f-3) De 6(f-12) dmFunstin SNR=150B

4.4.31.3 nacifindnyeynousunautszinm Poisson
mwmm@:@ﬂmg\‘lr;l’ul,mmmmié’ﬁmﬂwﬁ 6(g-1) LAZANANALAEIAAN
A lguandldganing 6(g-2) mwm’m@:L%ﬂmzﬂaﬁ'm%ﬁuimmiﬂizmmwu L1 il
\gWeridu Regularized WLyl Laplacian, ﬂ’]‘WﬂQ’]&I@%L%H@QQ‘?]I&%WQ%HI@EﬂWﬁ‘ﬂ%N’]MLLUU
L1 ie W%y Regularized witl BTV, mwmwzm%ﬂmgqﬁ'm*ﬂﬁuimﬂm@ﬂﬁzmmmu

L2 Waldderidu Regularized WUl Laplacian  #asAMNANAzIBEnganaZsaulnenng

!
=

dsznnnuuuy 12 1leldWaridu Regularized  wuw BTV uanslénegiit 6(g-3) 0 6(g-6)

ANHANAL

1 %
=

AnANABE adeilaistulnanistlszanniuuy Huber  ile Ty
Regularized LUl Laplacian, J’H‘Wm”mamaﬂmij‘iﬁ@%"]x‘lﬁuimﬂmiﬂixmmu‘uu Huber Lfi@
ldaridu Regularized LUy Huber-Laplacian, ﬂ’}Wﬂ'J"m@?.:L%EIﬂ@ﬂﬁ@%ﬁﬂ%uiﬂﬂﬂﬁ?
sz Lorentzian e l4ilsdd Regularized Wil Laplacian, mwmmm@mqq‘ﬁ'
a¥1amulnen9svanniuLy Lorentzian  dieldardy Regularized WUyl Lorentzian-
Laplacian, mwmm@:faﬂm@q%%’N%u‘imm’ﬁﬂi:mmuuu Tukey \ileldwaridu
Regularized LU Laplacian, ﬂ’W\lm’mazLﬁﬂmqﬁm%‘w%ﬂm&ﬂ’]?ﬂixuﬁMLLUU Tukey Lfllfa
\4Waridu Regularized Wil Tukey-Laplacian Lmeiﬁﬁ\‘lgﬂ‘ﬁ 6(g-7) T4 6(g-12) ANNANFL

ANHANIINARBIAZU IAIINT7UTZNI UL Huber,  Lorentzian  UaY
Tukey AxHise@nBnngandnistszanninun L1 uaz L2 PaRFLLAzN AT ulng
N19UaruNUULY Huber, Lorentzian tag Tukey faflanuandandinmiiaiaaulagdznig

Ueeunnuluy L1 WaY L2 aneng

4.4.3 1.4 naadddnyounaesunavilszinm Salt&Pepple

n1naaasludiuiiaznivuaruinaasdyninsuniwdu 3 szdupe

[

Density (D) §A{ 0.005, 0.010 uaz 0.015 dB AMNAIALTALNINANAZIDEAFIFULLIL
meﬂé’ﬁqgﬂﬁ 6(h-1) 0149 6(-1) m’m@"’]ﬁuLLa:mwmwmuﬁﬂmﬁﬂﬁﬁuﬁﬂ%’mmié’ﬁqgﬂﬁ'
6(h-2) 0149 6(-2) ATNAFL

HAN1INAAAIUARS I TIUINNTUsEuN UL Huber, Lorentzian, Tukey Ay

= a5 a | a dl v é’
Nﬂﬁ‘%@‘l’lﬁﬂ’]‘w@\‘]ﬂ’ﬂﬂ'ﬁ‘ﬂ?ZNWGALL‘U‘U L2 wag L1 ﬂ’]‘WﬁQWN@ﬁL@H@Q\‘I‘V]@ﬁ"]\‘lﬂ.luiﬂﬂﬂ’]?

@
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b

dsznniuuy L1 uaz L2 WaldWaridu Regularized wiill Laplacian, NMWANAZIEEAgN

b

aFaulaanisszanniuy L1 Waldilaridu Regularized wiin BTV, nMnAuazidngi

¥ 1
a¥19rulnenislseunniuuy L2 WaldWaerfdu Regularized wuw Laplacian Wazn wAany

1
v

azidangenaFIulasnislsyinnuuy L2 Waldderidl Regularized wuu BTV, nawaay

1
v

azpungenaiaulnanislsyunnuuy Huber Waldderidi Regularized wuy Laplacian,
nMnaNazREagenainaulaanissyinuy Huber WaldWaridu Regularized i

. = s o X . y Y
Huber-Laplacian, mwmm@xL@ﬂmzgqmmﬁwuimﬂmaﬂizmmmu Lorentzian N8l
#eridu Regularized Wuw Laplacian, NIWARINAZEsAgaNaF19TulnaN9Uszn UL
Lorentzian 1ial4Waridu Regularized wiiu Lorentzian-Laplacian, mwmﬂmuﬁﬂmqqﬁ
a¥19rulnanislseannwuy Tukey e ldWaridu Regularized wuw Laplacian, AMwAaNN
azpuagenaiaaulaanissssnmuiuy Tukey e ldWsridu Regularized WL Tukey-

o =

Laplacian aasl§iAagiln 6(n-3) s 6(h-12) AuiLN3aN D=0.005, wanslansgii 6(-3

~

D9 6(-12) & uFunstun D=0.010 uazlanslansgiil 6(-3) 19 6(-12) & mFunsal

=b_

D=0.015 ANAF

4.4.3.1.5 natunadnycyncusunaudazingm Speckle

nmaaesludauiiazniuuasuinaesdnannsunauiu 3 szfuAaiian
{1 V=0.01, V=0.02 uaz V=0.03 dB MNAIALIAENINANNAZIDEAGIAUMLLILAR AR
317 6(k-1) D19 6(m-1) AWANAUUAZNINANAZDEARNNIUAN b Uans lHAIgLT 6(k-2) T
6(mM-2) ANNANAL

HANTTNAABILAAS IALIINTUIZNMLLL Huber, Lorentzian, Tukey A%
a a a ' = s s X
Ailsz@nBnangandinisdszanaiuy L2 uay L1 anAnwaziduagenaieaulaenig

dsznnuun L1 uaz L2 WaldWeridu Regularized wiiy Laplacian, 2nANaziaengd

b

ad1aulaenistszanniuy L1 Weldiaridu Regularized wuu BTV, nnAninaz i ngai

a¥19aulaanstlszunaiiuy L2 naldwWaridu Regularized Wil Laplacian. WaznInAINy

1
a v

azidangenawIulasnislszinnuuy L2 Waldderidu Regularized wuu BTV, NiwasI

|
a v

ﬂ::L%EI@QQVI@?’N%MT@Hﬂ’]ﬁ‘ﬂ%ll’]t‘ulLL‘].l‘].l Huber 1ile 44 Regularized WU Laplacian,
mwmm@uﬁ'ﬂmqqﬁm%ﬁuimﬂmiﬂi:mmmu Huber laldWerfu Regularized wuL
Huber-Laplacian, mwmmzmﬁﬂm@q‘ﬁ'm?ﬁq%uimﬂﬂﬂiﬂi:uﬂmLLuu Lorentzian  iileld
a4y Regularized WUy Laplacian, mwmqm:@ﬂmQaﬁm%’w'ﬁuimmiﬂixmmuuu

Lorentzian NaldWerigu Regularized WUl Lorentzian-Laplacian, ﬂﬂwmﬁs\l@uﬁﬂmgdﬁ
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a¥191ulnenirlseanniwuy Tukey e ldWaridu Regularized WU Laplacian, AMWAINN

azlRtnganaiaulasnslszunniuuy Tukey  WaldWeridu Regularized  wiiL Tukey-

o o =

Laplacian udmaldmast 6(k-3) 14 6(k-12) @195UNTELN V=0.01, wansl@sasildn 6(-3) D4

K1l U
1

6(-12) A mFuniil V=0.02 wazuanslfsagiln 6(m-3) De 6(m-12) &udunstin v=0.03

ANNAAL
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(a-1,...,m-1)
Original HR Image
(Frame 40)

(a-2) (a-3) LLSRR Image  (a-4) LLSRR Image ~ (a-5) L2 SRR Image  (a-6) L2 SRR Image
Corrupted LR Image with Lap Reg. with BTV Reg. with Lap Reg. with BTV Reg.
(Noiseless) (PSNR=32.1687dB)  (PSNR=32.1687dB)  (PSNR=34.2000dB)  (PSNR=34.2000dB)

(PSNR=32.1687dB)

(B=100,4=0) (f=12=0,P=1a=07) (f=100,2=0) (f=14=0,P=1La=07)

(a-7) Huber SRR Image (a 8) Huber SRR Image (a-9) Lor. SRR Image (a-10) Lor. SRR Image (a-11) Tukey SRR Image(a-12) Tukey SRR Image
with Lap Reg. with Huber-Lap Reg. with Lap Reg. with Lor-Lap Reg. with Lap Reg. with Tukey-Lap Reg.
(PSNR=35.1436dB)  (PSNR=35.1436dB)  (PSNR=35.2853dB)  (PSNR=35.2853dB)  (PSNR=34.70560B)  (PSNR=34.7056dB)
(f=12=0T=3) (p=1,2=0T=3T,=1)(#=0254=07T = 3)8=025,2=0,T =17, =1)(f=1,4=0,T =15) (B=1,4=0T =157, =1)
E
|
|
|
-
|
1
I

(b-2) (b-3) LL SRR Image (b-5) L2 SRR Image ~ (b-6) L2 SRR Image
Corrupted LR Image with Lap Reg. with BTV Reg. with Lap Reg. with BTV Reg.

(AWGN:SNR=25dB)  (PSNR=30.3719dB)  (PSNR=30.3295dB)  (PSNR=32.3688dB) (PSNR=32.1643dB)
(PSNR=30.1214dB) (#=051=1)(f=051=04P=2,ad=07) (f=0571=1)(p=051=04P=1a=07)

(b-7) Huber SRR Image  (b-8) Huber SRR Image  (b-9) Lor. SRR Image (b-10) Lor. SRR Image (b-11) Tukey SRR Image (b-12) Tukey SRR Image
with Lap Reg. with Huber-Lap Reg. with Lap Reg. with Lor.-Lap Reg. with Lap Reg. with Tukey-Lap Reg.
(PSNR=32.3936dB) ~ (PSNR=32.3936dB)  (PSNR=32.2341dB)  (PSNR=323591dB)  (pSNR=31.3532dB)  (PSNR=31.3532dB)
(B=054=1T =19)(f=05/4=1T =19,T, =19)(5 =054 =1,T =9 f=05.2=075T =8.T,=3) p_05 1 =1 T =15)( f=054=1,T =15, =19)

717 6 HANINAABITBINITATNNINANNAZIBLAZIEN : NN Susie
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(c-2) (c-3) LLSRR Image  (c4) LlSRR Image (c-5) L2 SRR Image  (c-6) L2 SRR Image
Corrupted LR Image with Lap Reg. with BTV Reg. with Lap Reg. with BTV Reg.

(AWGN:SNR=22.5dB) (PSNR=29.6481dB) (PSNR=29.5322dB) (PSNR=31.6384dB)  (PSNR=31.59350B)

(PSNR=29.0233dB) (ﬁ:O.SO,i:l.O) (ﬂ:0.5,1:0.4,P:1La:0.7) (ﬁ:l.OO,i :1.0) (ﬂ:O.S,i:OA,P:],a:OJ)

(c-7) Huber SRR Image (c-8) Huber SRR Image (c-9) Lor. SRR Image  (c-10) Lor. SRR Image (c-11) Tukey SRR Image (c-12) Tukey SRR Image
with Lap Reg. with Huber-Lap Reg. with Lap Reg. with Lor.-Lap Reg with Lap Reg. with Tukey-Lap Reg.

(PSNR=31.6806dB)  (PSNR=31.6806dB)  (PSNR=31.4751dB) (PSNR=31.6169dB)  (PSNR=30.4980dB) (PSNR=30.4980dB)

(B=054=1T=19)8=054=1T=19,T, =19)#=054=1T =9)(p=052=1T =97, =3)(4=054=1T =15)(#=054=1T =157T, =19)

(d-3 L1 SRR Image (d-4) L SRR Image (d-5) L2 SRR Image  (d-6) L2 SRR Image

@
Corrupted LR Image with Lap Reg. with BTV Reg. with Lap Reg. with BTV Reg.
(AWGN:SNR=20dB) (PSNR=28.7003dB)  (PSNR=28.9031dB)  (PSNR=30.6898dB)  (PSNR=31.0056dB)

(PSNR=27.5316dB) ~ ($=0.50,4=1.0)(f$=051=04P=2a=07) (B=051=1) (5=051=03P=2,a=07)

(d-7) Huber SRR Image (d-8) Huber SRR Image  (d-9) Lor. SRR Image (d-10) Lor. SRR Image (d-11) Tukey SRR Image(d-12) Tukey SRR Image
with Lap Reg. with Huber-Lap Reg. with Lap Reg. with Lor.-Lap Reg with Lap Reg. with Tukey-Lap Reg.
(PSNR=30.7518dB) ~ (PSNR=30.7989dB)  (PSNR=30.5472dB)  (PSNR=30.7486dB)  (PSNR=29.3590dB)  (PSNR=29.3590dB)
($=054=1T=5)(5=054=1T=5T,=3) (=051=1T =9)(f=054=1T =9,T, =5(£=051=1T =15{f=051=1T =15T, =19)

717 6 NANNINAABIVBINIIAFNNINANAZIBEAGIEN : NN Susie (1)
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(e-2) (e-3) L1 SRR Image  (e-4) L1 SRR Image (e-5) L2 SRR Image  (e-6) L2 SRR Image
Corrupted LR Image with Lap Reg. with BTV Reg. with Lap Reg. with BTV Reg.
(AWGN:SNR=17.5dB) (PSNR=27.5771dB) (PSNR=27.7575dB) (PSNR=29.3375dB)  (PSNR=29.4085dB)

(PSNR=25.7332dB) (B=11=1) (8=051=05P=1a=07) (B=051=1)(8=054=05P=1a=07)

(e-7) Huber SRR Image (e-8) Huber SRR Image e—90r.R Image  (-10) Lor. mage (e-11) Tuey SRR Image (e-12) key SRR Image
with Lap Reg. with Huber-Lap Reg. with Lap Reg. with Lor.-Lap Reg with Lap Reg. with Tukey-Lap Reg.

(PSNR=30.0448dB)  (PSNR=30.1448dB)  (PSNR=29.4712dB) (PSNR=29.6910dB)  (PSNR=28.6044dB)  (PSNR=28.6044dB)

(B=14=05T=1) (B=12=075T=1T, =1 (B=054=1T =5Xﬁ=o,5,g=];r =5T, =5)(,6’=0.5,1=1,T =1) (8=051=1T=1T, =19)

(f-2) (3) LLSRR Image  (f-4) L1 SRR Image  (f-5) L2 SRR Image (6 L2 SRR Image
Corrupted LR Image with Lap Reg. with BTV Reg. with Lap Reg. with BTV Reg.
(AWGN:SNR=15dB)  (PSNR=26:2641dB)  (PSNR=26.9064dB)  (PSNR=27.6671dB) (PSNR=27.8418dB)
(PSNR=23.7086dB) (#=05,1=1) (8=051=08P=1a=0.7) (#=051=1) (f=051=03P=2,a=07)

(F-7) Huber SRR Image (f-8) Huber SRR Image (-9 Lor. SRR Image (f-10) Lor. SRR Image(f-11) Tukey SRR Image(f-12) Tukey SRR Image
with Lap Reg. with Huber-Lap Reg. with Lap Reg. with Lor.-Lap Reg. with Lap Reg. with Tukey-Lap Reg.
(PSNR=29.1977dB) ~ (PSNR=29.2958dB) ~ (PSNR=28.1516dB)  (PSNR=28.4389dB) (PSNR=27.6932dB)  (PSNR=27.6932dB)

(B=1,4=0.75T =10ﬁ=1,/1 =0.75T =1,T, =1) (B=054=1T =5)(ﬂ:0,5vﬂ =1T=5T, :91ﬁ=0.5,/1 =1T=1)(8=052=1T=1T, =19)

dl % a QI . 1
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(9-2) (9-3) L1 SRR Image  (9-4) L1 SRR Image (9-5) L2 SRR Image  (g-6) L2 SRR Image
Corrupted LR Image with Lap Reg. with BTV Reg. with Lap Reg. with BTV Reg.
(Poisson) (PSNR=28.9197dB)  (PSNR=29.1201dB) (PSNR=30.7634dB)  (PSNR=30.8631dB)

(PSNR=27.9071dB)

1)(p=051=05P=La=07)

(9-7) Huber SRR Image (g-8) Huber SRR Image (g-9) Lor. SRR Image (g-10) Lor. SRR Image (g-11) Tukey SRR Image (g-12) Tukey SRR Image
with Lap Reg. with Huber-Lap Reg. with Lap Reg. with Lor.-Lap Reg. with Lap Reg. with Tukey-Lap Reg.
(PSNR=30.8496dB) (PSNR=30.9016dB)  (PSNR=30.6934dB)  (PSNR=30.8829dB) (PSNR=29.5778dB) (PSNR=29.5778dB)
(8=054=1T=9) (B=052=1T=5T, =3)(5=054=1T =9)(=05A4=1T =5T, =9) (f=051=1LT =15)(#=05,4=1T =15, =19

k“ -
(h-2) (h-3) L1 SRR Image  (h-4) L1 SRR Image  (h-5) L2 SRR Image  (h-6) L2 SRR Image
Corrupted LR Image with Lap Reg. with BTV Reg. with Lap Reg. with BTV Reg.

(S&P:D=0.005) (PSNR=29.5041dB) ~ (PSNR=29.0649dB)  (PSNR=31.5021dB) (PSNR=30.4617dB)
(PSNR=29.0649dB) (B=14=1) (B=14=05P=2a=07) (f=0571=1)(f=0541=04,P=1a=07)

(h-7) Huber SRR Image (h-8) Huber SRR Image  (h-9) Lor. SRR Image  (h-10) Lor. SRR Image (h-11) Tukey SRR Image (h-12) Tukey SRR Image
with Lap Reg. with Huber-Lap Reg. with Lap Reg. with Lor-Lap Reg. with Lap Reg. with Tukey-Lap Reg.
(PSNR=34.4428dB) (PSNR=34.5030dB) (PSNR=34.7155dB) (PSNR=34.7921dB) (PSNR=34.5282dB) (PSNR=34.5282dB)
(B=054=025T =5|#=1,2=025T =9,T, =3)(f=LA=025T =9)(#=1,A=025T =9,T, =3)(f=14=025T =15] §=1,1=0.25,T =15,T, =19)

(B=14=1) (f=051=40,P=2,a=07) (f=054i=

gﬂ‘ﬁ 6 m@mﬁnmmmmmm%’wmwm’mmﬁﬂmz,g@\i - NN Susie (5ia)
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(i2) (-3) LLSRR Image (-4 LLSRR Image  (i-5) L2 SRR Image  (i-6) L2 SRR Image
(S&P:D=0.010) with Lap Reg. with BTV Reg. with Lap Reg. with BTV Reg.
Corrupted LR Image  (PSNR=27.7593dB)  (PSNR=26.4446dB)  (PSNR=29.8395dB) (PSNR=28.0337dB)
(PSNR=26.4446B) (F=14=1) (f=14=05P=1a=07) (f=054=1)(f=051=04P=1a=07)
. :

(i-7) Huber §RR Image (| 8) Huber SRR Image  (i-9) Lor. SRR Image (| 10) Lor. SRR Image  (i-11) Tukey SRR Image (i-12) Tukey SRR Image
with Lap Reg. with Huber-Lap Reg. with Lap Reg. with Lor.-Lap Reg. with Lap Reg. with Tukey-Lap Reg.
(PSNR=34.4171dB) (PSNR=34.4591dB) (PSNR=34.7194dB) (PSNR=34.7783dB) (PSNR=34.5169dB) (PSNR=34.5169dB)

(B=1,4=025T =5)(8=14=025T=9,T, =3)(f=1,2=025T =5{#=14=025T =9,T, =3)(f=12=025T =15[#=1,2=025T =15,T =19

(6) L2 SRR Image

(j-4) L1 SRR Image

(-3) LL SRR Image

(-2) (j-5) L2 SRR Image

Corrupted LR Image with Lap Reg. with BTV Reg. with Lap Reg. with BTV Reg.
(S&P:D=0.015) (PSNR=26.9247dB) ~ (PSNR=25.276dB)  (PSNR=28.7614dB) (PSNR=26.8671dB)
(PSNR=25.2760B)

(8=1.00,2=10) (f=1,4=05P=1,a=07) (f=052=1)(f=052=04P=1a=07)

. %

(j-7) Huber SRR.Image (j-8) Huber SRR Image  (j-9) Lor. SRR Image  (j-10) Lor. SRR Image  (j-11) Tukey SRR Image (j-12) Tukey SRR Image
with Lap Reg. with Huber-Lap Reg. with Lap Reg. with Lor.-Lap Reg. with Lap Reg. with Tukey-Lap Reg.
(PSNR=34.3620dB) (PSNR=34.5041dB) ~ (PSNR=34.6991dB)  (PSNR=34.7001dB) (PSNR=34.5018dB) (PSNR=34.5018dB)
(8=051=025T = 5§ﬂ =1,A=025T =5T,=3|f=1,1=025T = 5)(ﬂ =1,4=025T =9T,=3)(f=12=025T =15 =14=025T =15, =19)
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“(k2) (k-3) L1 SRR Image (k5) L2 SRR Image  (k-6) L2 SRR Image
(Speckle:V=0.01) with Lap Reg. with BTV Reg. with Lap Reg. with BTV Reg.
Corrupted LR Image  (PSNR=28.8280dB)  (PSNR=28.8656dB)  (PSNR=30.6139dB) (PSNR=30.6130dB)
(PSNR=27.61660B) (£ =0.51=1) (f=054=07,P=1a=07) (f=054=1)(f=054=05P=La=07)

(k-7) Huber SRR Image (k-8) Huber SRR Image (k-9) Lor. SRR Image (k-10) Lor. SRR Image (k-11) Tukey SRR Image (k-12) Tukey SRR Image
with Lap Reg. with Huber-Lap Reg. with Lap Reg. with Lor.-Lap Reg. with Lap Reg. with Tukey-Lap Reg.
(PSNR=30.4619dB) ~ (PSNR=30.4693dB)  (PSNR=29.8499dB)  (PSNR=30.1287dB)  (PSNR=29.3607dB)  (PSNR=29.6337dB)
(B=054=1T=19]#=054=1T =19,T =9)(f=052=1T =9)(#=054=1T=97T, =5) (5=0521=1T =1(#=051=075T =3 T, =15

(1-2) (F3) L1 SRR Image  (I-4) L1SRR Image  (I-5) L2 SRR Image  (I-6) L2 SRR Image
(Speckle:V=0.02) with Lap Reg. with BTV Reg. with Lap Reg. with BTV Reg.
Corrupted LR Image  (PSNR=27.5527dB)  (PSNR=27.8283dB)  (PSNR=28.9409dB) (PSNR=28.8859dB)
(PSNR=25.3563dB) (#=051=1) (f=051=06,P=La=07) (B=051=1)(f=051=05P=1a=07)

(I-7) Huber SRR.Image (I-8) Huber SRR Image (I-9) Lor. SRR Image (I-10) Lor. SRR Image (I-11) Tukey SRR Image (I-12) Tukey SRR Image
with Lap Reg. with Huber-Lap Reg. with Lap Reg. with Lor.-Lap Reg. with Lap Reg. with Tukey-Lap Reg.
(PSNR=29.3749dB) (PSNR=29.7165dB)  (PSNR=28.5018dB)  (PSNR=28.9779dB) (PSNR=28.4824dB) (PSNR=28.4824dB)

(B=1,2=075T =1) (ﬁ=0.5,/1=].T =1T, =1)(ﬂ=0.5,i=l,T =1)(ﬂ=0.5,1=1,T =1T, =3) (=051=1T=1) (ﬂ:O.S,A:LT =1T, :19)
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" (m2) (m-3) LLSRR Image (m-4) L1 SRR Image ~ (m-5) L2 SRR Image  (m-6) L2 SRR Image
(Speckle:V=0.03) with Lap Reg. with BTV Reg. with Lap Reg. with BTV Reg.

Corrupted LR Image  (PSNR=26.81650B) (PSNR=27.2429dB)  (PSNR=27.7654dB)  (PSNR=27.3751dB)

(PSNR=24.0403dB)  ($=05,4=1)(f=050,4=05P=1a=07) (f=054i=1) (f=051=04P=1La=07)

iy, i) g

| A A TRE S Faa

(m-7) Huber SRR Image(m-8) Huber SRR Image (m-7) Lor. SRR Image  (m-8) Lor. SRR Image (m-11) uey SRR Image(m-12) Tukey SRR Image
with Lap Reg. with Huber-Lap Reg. with Lap Reg. with Lor.-Lap Reg. with Lap Reg. with Tukey-Lap Reg.
(PSNR=28.6900dB)  (PSNR=28.9821dB)  (PSNR=27.9468dB)  (PSNR=28.4418dB)  (PSNR=27.9699dB)  (PSNR=27.9699dB)
(B=05,4=1T=1) (p=14=1T=1T,=1) (A=054=1T =1) (A=052=1T =1T,=3) (8=054=1T =1) (§=05,4=1T =1T, =19)

gﬂ‘ﬁ' 6 N@m@wma@wmmm%‘ﬁqmwmm@:lﬁﬂmgx‘@\i : NN Susie (5i8)
4.4.3.2 2N Lena

4.4.3.2.1 natud ldfidnynuanesunay
= ¥ ¥ o dl = o
NINAHATIBEAGIAULLILILARAI AINING 7(a-1) UAZNITWAIHAZIBHARN
nunnlduanaldfianmi 7(a-2) mwanuazidanganaieaulaanisUssinninuy L1 e
gerid Regularized wuy Laplacian, nwAnazidengenaZ1stulasnislszainuuy
L1 il lddaridu Regularized wuyl BTV, nnAnuazidanganaitulaanistssunnuuy
L2 Waldileridu Regularized WU Laplacian  Wa¥NNANAZIBEAANAT19TUTAENNT
svanaunuu L2 eldWefdy Regularized . sy BTV Wandlasasiii 7(a=3) D 7(a-6)
9 g
ANNAAL
nINANATIBEAgeaNaFNaIuinaNssE N UL Huber  tila ldWaridu
. . ~ 9 X =
Regularized Wil Laplacian, NMwAsnuazidngenaZetulaanisilszanniiuy Huber 1ie
14Waridu Regularized WU Huber-Laplacian,  NIWANNATIBEAGANAF19TUTAENNg
Uszannuuu Lorentzian iilaldWaridu Regularized wiil Laplacian, NMWANazIREAg

a5r91ulnanisdszunniuuy Lorentzian  WeldWarfdu Regularized  wuy Lorentzian-
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Laplacian, mwm’mmuﬁﬂmqﬁm%’w%uimmiﬂixmmuuu Tukey e ldiariau
Regularized LU Laplacian, mwﬂfmmz@'ﬂngﬁ]'m%ﬁuimﬂm@ﬂizmmmu Tukey Lﬁl'ﬂ
IdWaridi Regularized wuL Tukey-Laplacian mevlﬁﬁqgﬂﬁl 7(a-7) D4 6(7-12) ANNANAL
anuan1maaeaziiuliinnislseunniluy Huber,  Lorentzian  Waz
Tukey avdilse@nBnngendinisdszanninuy L1 waz L2 dszunns 1-3 dB muafuuas
nwiigEsaulaenislssan oy Huber, Lorentzian Ay Tukey Fafmnuangandnnng

A5 97ulaeNEN17U e UL L1 WAz L2 ansoel

4.4.3.2.2 NIty oy usunaUilazinm AWGN

2
neaasludiuilasiivunauinaesdyoinsunanilu 5 szauAe SNR

IS A

HAflu 25, 22,5, 20, 17.5 uag 15 dB AINAIALIAENINAINAIBEAGISULLLLAAILARS

=

U 7(0-1) D9 7(-1) ANAIFULATANNANNAZIBEAANTIWAN I Lans1HAaga 7(b-2) Da

©aD

7(f-2) PANANAL

AvFunsUlnd s uNURNIASANYTaAN SNR JAmn (SNR JAdlu
25, 22.5, 20 dB) WAN1TUTZNADLLL L2 fon:ﬁﬂa‘zaw“ﬁmwzgqﬂfiﬁm@ﬂ?:mmmu Huber,
Lorentzian g tantias laanistlssuiniiuy L2 uaz Huber,  Lorentzian  £l9Asdl
UsgANBNINgINIINITLsEIN UL LT ATWAINAIBE Aganai e Iulnanslss iy
L1 ieldWaridu Regularized  wiitl Laplacian, nawANazidangeiaiaaulngnig
dszanniuuy L1 Waldilsidu Regularized Wil BTV, NwAnsazia s nganaieiulnanis
Uszanauuuy L2 WaldWeridu Regularized uul Laplacian 4z WANazidngenazs
ulnenistlszanniuiy L2 WaldWandu Regularized Wit BTV, NMMWANNAZIAEAGINATN
é{ dl 173 6 o . .
ulaenisdseunniiuy Huber: ilalilaridu Regularized WUy Laplacian, AINWAIN
azibanganaivanlngnislssuituuuy Huber - 1Nal4W3ridu Regularized Wy Huber-

. a d‘ % da( . dl ¥ o

Laplacian, A WAMNATIBAgINAaT N TUIAaNssziasUL Lorentzian e ldWaridi
Regularized w1l Laplacian, ﬂ’]‘Wm’m@:LﬁﬂmqﬁZﬁﬁﬁuimﬂmiﬂﬁ‘:u’]muuu Lorentzian
WaldWaridu Regularized wiiLl Lorentzian-Laplacian, nMMwANaziasnganainaauinenig
Uszunnuuuy Tukey e ld#eridi Regularized Wil Laplacian, NMWANALIREAINA5S
Aulpennlseunnuuuy Tukey WaldWaridi Regularized wuw Tukey-Laplacian wansléing

3171 7(b-3) D4 7(b-12) & mFunsll SNR=25dB, wansl#sagin 7(c-3) v 7(c-12) 4y

NIty SNR=22.50dB uazuandlenagila 7(d-3) e 7(d-12) &mdunstin SNR=20dB

@
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73

AFunsiinAryaunaisunauilindvgenisad SNR HAtias (SNR HAnly

17.5, 15 dB) udn191lseannuiLL Huber, Lorentzian azdilsz@nsningandnnisilszann

! 4
a Y

WU L2 war L1 awanuazidaaganaieaulaenisdesunniuun L1 e ldderidu

2%

Regularized Wil Laplacian, niwaanaziasaganasaulnanistszannun L1 iald

1
Y

#aridu Regularized wuy BTV, NawAnnuaziasngenaisiulnenistlszainuuy L2 e ld
#arid Regularized w1l Laplacian uazniwmAnnuazidangenaiwaulaanislszannuy
L2 iilaldieridis Regularized wiin BTV, NnANaziatngeanaieaulngnislssunnuu
Huber ialddaridu Regularized Wil Laplacian, N wAuazidageiassiulaanis
Uszanninuy Huber Wald#sridis Regularized Wil Huber-Laplacian, NMWANAZIALAZY
NaF191ulnenisszannuuy Lorentzian e ldWaidu Regularized wuu Laplacian, A
ANAIBEngeNaFIulnunssEsnnuuuY Lorentzian ialdWeridu Regularized iy
. . = A 9 X ey
Lorentzian-Laplacian, n’W\lM”m@uﬂilm23\‘11/1@?Wd‘ﬂuimﬂﬂ’]?ﬂﬁ‘zu’mmuu Tukey v 1
Werfdu Regularized WL Laplacian, NIWAINAIEAA9NAa319TuIAEN91senn UL
= ¥ o 4 \ ¥ o ~ =
Tukey LialdWaridu Regularized Wil Tukey-Laplacian wandléasgii 7(e-3) Da 7(e-12)

[

AMFUNIUN SNR=17.5dB haztasslaaastln 7(-3) D4 7(--12) &1ufunstiil SNR=15dB

4.4.3.2.3 nacunfdtycynnusunaudszian Poisson
NIWANINALB I AGSFIULLILILARN IAANAIND 7(g-1) LATNIWANNAZIBL AR
miunnlduanslifaning 7(g-2) nnarnazidaaganasaulnanslssuniuy L1 e
Ig#arid Regularized w1l Laplacian, NMWAINazREAgINa51sTulneN1ssviInLLL
L1 waldderidis Regularized wiin BTV, NMMWANNAZIBEAgNAaT19T1IAEN191sen L
L2 WaldWaridu Regularized Wiy Laplacian  uaznInAuazidangenassiulaanis

[ %

Uszanauuuy L2 wle lgWaridu Regularized wii BTV wansbanastli 7(g-3) fa 7(g-6)

L1l

ANNAAL

1 %
oy

NINANAZIBLAGIN AT 19T UTAN3 1T UL Huber Flaldilardu
Regularized w1l Laplacian, m‘wmm@:lﬁﬁlm@jﬂﬁ@’fﬂd%uhﬂmiﬂ?:mmwu Huber Lfi'a
W aridu Regularized WU Huber-Laplacian, mwmﬁmuﬁﬂm@;\i%%qﬁuimﬂmi
Uszannuuuy Lorentzian ey Regularized wuyl Laplacian, nMnwaansazigeagai
a¥19mulAEN"9UeLaNnILLL Lorentzian e 4 ardy Regularized WUl Lorentzian-

Laplacian, nanAwaztdangeanaisaulnanisdszunmuuuy Tukey e ldderdu

@
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Regularized U111l Laplacian, MMWANAZIBEAg9NAT19TuTAN9Usin iUl Tukey 1ie
TdWaridis Regularized Wiy Tukey-Laplacian wanslifagiln 7(g-7) D 7(g-12) muansi
anuan1maaedaziiuliinnnslseunnluy Huber,  Lorentzian  Wae
Tukey Azdlilsz@nBnInganannstlszannuuiin L1 uay L2 Auansusazniniainaauing
. o A o 1 dl [ ,éf aa
N17L9ENNMLLIL Huber, Lorentzian kA Tukey fafAnNANdandn wiaZa1ulagdanng

UeeunnulLy L1 way L2 ansas

4.4.3 2.4 neadn A&ty cynnusunauLlazinm Salt&Pepple
naaesludiuilaznivuaauinaasdnlniusunauiu 3 ssdune

Density (D) {1 0.005, 0.010 44z 0.015 dB ANNAIALIALNINAINALBEAGIFBLLIL

I '
=

wanaleaagit 7(h-1) D9 7(-1) PINABULATNINAINAZBARATWAN IFuanFAsgL
7(h-2) 4 7(j-2) MNAAL
NANNINAADNLARS LHLALIIN191l92uN ML Huber, Lorentzian, Tukey A

HilsrAnsningendinistlszaanuuy L2 uaz L1 nanAnaziasnganaisauiaenig

D

dszannuuuy L1 uaz L2 Waldlaridu Regularized wiill Laplacian, NMWANALLAEAES

b

aFaulaanisszanniuy L1 Waldvleridu Regularized wiin BTV, nMWANAZIBUAEN

a519ulpenisdssnnnunuy L2 e ldWeridu Regularized wuu Laplacian WaznInwAaNu

I
v

azieagenaiaulnanislsvnnaiuy L2 ialdieidu Regularized wuy BTV, NiwAay

]
I 4

azdungenaiaulaanislszunnuiy Huber Waldderidi Regularized wu Laplacian,
nMnANAzRAgenasaulaanistsziniLuL Huber Waldaridu Regularized wuw

) = o 9 X . A q
Huber-Laplacian, N1WAINAIDEAZINAT19TUIALN19UIzNINMLL Lorentzian Wald
#eridu Regularized uuw Laplacian, - 1A Naziagaganadstulnanislssunuuy
Lorentzian Naldfaridu Regularized WU Lorentzian-Laplacian, ﬂﬂwm’]s\l@uaﬂmqﬁ
a51929ulpennslseunninuy Tukey Waldwarfdi Regularized wuy Laplacian, AMWANN
azpungenaineaulagnnslszannuiuy Tukey e ldWsridu Regularized WL Tukey-

=

Laplacian #aas1§#agiln 7(h-3) De 7(h-12)  &udunsin D=0.005, wanslamsgii 7(-3

a

~

09 7(-12)  AwFunstin D=0.010 uazuaaslifegL® 7(-3) D 7G-12)  dmFunsd

=b_

D=0.015 AINAFL

@
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4.4.3.2.5 neAUNNATY oy nusLnauLlszinm Speckle

|

naaasludiuiiazniuuaauinaasdyinsunautiu 2 szduAaiian

{1 vV=0.03 uaz v=0.05 dB anuarduinaninauazidungesiuuiuuanslifiaga 7(k-1)

=S

D7(-)  ANAAuLaznInANAzRaaRNTuAN A uanelaAaglN 7(k2) T 70-2)
ANNANAL
HAN1INAAAIUAAS TN NNTUIE NN UILLL Huber, Lorentzian, Tukey A%

= a a ' = d‘ % d?
NﬂimmmwQaﬂmm?ﬂizmmmu L2 uay L1 mwmmmmamq\‘mmwwuimmi

D

Uszannuuun L1 uaz L2 WaldWaridu Regularized wiinl Laplacian, NMwAauazidengs

b

a$retulnenisszannuuy L1 dleldiefu Regularized uuy BTV, NINAINATIBL AT
aaaulaenistlssannuun 12 el Regularized L1l Laplacian LAZNIWANH
@:L’ﬁﬂmqqﬁm%’wﬁuimﬂmiﬂi:mmuuu L2 \§ia ey Regularized wuu BTV, nnwAam
zm%ﬂmqqﬁ@’éﬂﬁuimmaﬂi:mmLL‘uu Huber tilald#srTu Regularized uuL Laplacian,
mwmqmuﬁﬂm@;ﬁm%ﬁuimmf]iﬂ@:mml,mu Huber iel4#ari4u Regularized i
Huber-Laplacian, mwm’wmmﬁﬂmQﬁim’fﬂﬁu‘imﬂmiﬂi:mmmu Lorentzian  iileld
Wardu Regularized Wyl Laplacian, mwmmm%ﬂmzﬂa%%‘w%ﬂmmwﬂ%mmu:uu
Lorentzian Lfllfaslgﬁﬁ\‘iﬁsﬁu Regularized k11l Lorentzian-Laplacian, mwmmm@mzﬂﬁ
aaaulnenTgLl sy nuuLIL Tukey el Regularized WU Laplacian, NMWAN
@u'ﬁﬂm@qﬁ@’fﬁq%uimm@ﬂi:mmu‘uu Tukey el arTan Regularized Wl Tukey-
Laplacian meié’ﬁagﬂﬁ 7(k-3) 89 7(1-12) & FUNIET V=0.03 LL@:LL@M%’&T@;H?{ 7(-3)

D9 7(1-12) &1n5FUNIEUNA V=0.05 ANNAAL

@
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(a-1,...,I-1)
Original HR Image

(a-2) (a-3) L1 SRR Image (a-4) L1 SRR Image (a-5) L2 SRR Image (a-6) L2 SRR Image
Corrupted LR Image with Lap Reg. with BTV Reg. with Lap Reg. with BTV Reg.
(Noiseless) (PSNR=28.8634dB) (PSNR=28.8634dB) (PSNR=30.8553dB) (PSNR=30.8553dB)

(PSNR=28.8634dB) (8=1.00,2=0)

(B=12=0,P=1a=0.7)

(B =1.00,2=0)

(a-7) Huber SRR Image  (a-8) Huber SRR Image ~ (a-9) Lor. SRR Image (a-10) Lor. SRR Image  (a-11) Tukey SRR Image (a-12) Tukey SRR Image

(B=12=0P=1a=0.7)

with Lap Reg. with Huber-Lap Reg. with Lap Reg. with Lor-Lap Reg. with Lap Reg. with Tukey-Lap Reg.
(PSNR=32.0186dB) (PSNR=32.0186dB) (PSNR=31.9565dB) (PSNR=31.9565dB) (PSNR=31.5889dB) (PSNR=31.5889dB)
(B=14=0T=1) (p=14=0T=1T,=1) (=0254=0T=3) (f=0254=0T=3T,=1) (§=1,2=0,T=19) (f=12=0T=19T,=19)

(b-2) (b-3) LLSRR Image ~ (b-4) LLSRR Image  (b-5) L2 SRR Image (b-6) L2 SRR Image
Corrupted LR Image with Lap Reg. with BTV Reg. with Lap Reg. with BTV Reg.
(AWGN:SNR=25dB)  (PSNR=27.9490dB) (PSNR=27.8884dB) (PSNR=29.6579dB) (PSNR=29.5800dB)
(PSNR=27.8884dB) (B=054=1) (f=051=025P=La=07)(f=051=05) ($=051=025P=1a=07)

(b-7) Huber SRR Image  (b-8) Huber SRR Image ~ (b-9) Lor. SRR Image  (b-10) Lor. SRR Image  (b-11) Tukey SRR Image (b-12) Tukey SRR Image
with Lap Reg. with Huber-Lap Reg. with Lap Reg. with Lor.-Lap Reg. with Lap Reg. with Tukey-Lap Reg.
(PSNR=29.7224dB) (PSNR=29.8030dB) (PSNR=29.7359dB) (PSNR=29.7712dB) (PSNR=29.1331dB) (PSNR=29.2321dB)
(B=054=05T =19)(#=05,4=05T =19,T, =5)(f=1,4=05T =15)(#=05,4=05T =19,T, =5) = 05,1 = 0.5,T =19)(f=1,4=05T =19,T, =9)

7U7 7 HAN1IMAABITBINITATINNINANAZIDEAZIEN : NN Lena
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(c-2) (c-3) L1 SRR Image (c-4) L1 SRR Image (c-5) L2 SRR Image (c-6) L2 SRR Image
Corrupted LR Image with Lap Reg. with BTV Reg. with Lap Reg. with BTV Reg.
(AWGN:SNR=22.5dB)  (PSNR=27.4918dB) (PSNR=27.3968dB) (PSNR=29.1611dB) (PSNR=29.0775dB)
(PSNR=27.2417dB) (B=050,4=1) (B=051=075P=1La=07) (=051=1) (B=051=025P=1La=07)

i

\ A
i J | Y { | ¥ = | : J 1 J
(010} Lor. SRR Image

(c-7) Huber SRR Image  (c-8) Huber SRR Image ~ (c-9) Lor. SRR Image (c-11) Tukey SRR Image  (c-12) Tukey SRR Image
with Lap Reg. with Huber-Lap Reg. with Lap Reg. with Lor.-Lap Reg with Lap Reg. with Tukey-Lap Reg.
(PSNR=29.1935dB) (PSNR=29.19560B) (PSNR=29.1927dB) (PSNR=29.2183dB) (PSNR=28.4460dB) (PSNR=28.4797dB)
(8=054=075T =19 f=05,4=075T =19,T,=7) #=05,4=1T =19) =051 =0.75T =19,T, =9f#=052=075T =19)5=05,1=05,T =19,T, =15)

\
Tk

\ % J % %

(d-2) (d-3) L1 SRR Image (d-4) LI SRR Image  (d-5) L2 SRR Image (d-6) L2 SRR Image
Corrupted LR Image with Lap Reg. with BTV Reg. with Lap Reg. with BTV Reg.
(AWGN:SNR=20dB) (PSNR=26.7854dB) (PSNR=26.7197dB)  (PSNR=28.6024dB) (PSNR=28.5195dB)

(PSNR=26.2183dB) (B=050,4=10) (£=051=08P=1a=07) (8=054=1)  (B=054=05P=1a=07)

% | 'i } | ' | [ J . 1 4

(d-7) Huber SRR Image (d-8) Huber SRR Image _ (d-9) Lor. SRR Image . (d-10) Lor. SRR Image  (d-11) Tukey SRR Image (d-12) Tukey SRR Image
with Lap Reg. with Huber-Lap Reg. with Lap Reg. with Lor.-Lap Reg with Lap Reg. with Tukey-Lap Reg.
(PSNR=28.6305dB) (PSNR=28,6313dB) (PSNR=28.5610dB) (PSNR=28.6383dB) (PSNR=27.5795dB) = (PSNR=27.5795dB)
(B=054=1T=19) (B=1,2=0T=1T,=1) (B=054=1T=19)(5=054=1T=19,T,=5) (f=054=1T=19)5=051=1T =19,T, =19)
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(e-2) (e-3) L1 SRR Image (e-4) L1 SRR Image (e-5) L2 SRR Image (e-6) L2 SRR Image
Corrupted LR Image with Lap Reg. with BTV Reg. with Lap Reg. with BTV Reg.

(AWGN:SNR=17.5dB)  (PSNR=26.0348dB) (PSNR=26.0066dB) (PSNR=27.8153dB) (PSNR=27.9640dB)
(PSNR=24.9598dB) (B=051=1) (#=0541=075P=1L,a=07) (f=051=1) (B=051=075P=1La=07)

(e-7) Huber SRR Image ~ (e-8) Huber SRR Image  (e-9) Lor. SRR Image  (e-10) Lor. SRR Image (e-11) Tukey SRR Image (e-12) Tukey SRR Image
with Lap Reg. with Huber-Lap Reg. with Lap Reg. with Lor.-Lap Reg with Lap Reg. with Tukey-Lap Reg.
(PSNR=27.8725dB) (PSNR=27.8812dB) (PSNR=27.7621dB) (PSNR=27.9152dB) (PSNR=26.5722dB) (PSNR=26.5722dB)
(B=05,1=1T=19) (8=054=1T =15T,=19)(5=051=1T =15) (B=052=1T=15T =15)(f=051=LT =19) (B=051=1T=19,T, =19)

(f-2) (f-3) LL SRR Image (f-4)L1 SRRImage (f-5) L2 SRR Image (f-6) L2 SRR Image
Corrupted LR Image with Lap Reg. with BTV Reg. with Lap Reg. with BTV Reg.
(AWGN:SNR=15dB) (PSNR=25.1488dB) (PSNR=25.2642dB)  (PSNR=26.64060B) (PSNR=26.7713dB)
(PSNR=23.3549dB) (£=052=1) (f=054=08P=La=07) (f=054=1) (f=052=07P=1a=07)

(f-7) Huber SRR Image _(f-8) Huber SRR Image ~ (-9) Lor. SRR Image  (f-10) Lor. SRR Image  (f-11) Tukey SRR Image (f-12) Tukey SRR Image
with Lap Reg. with Huber-Lap Reg. with Lap Reg. with Lor.-Lap Reg. with Lap Reg. with Tukey-Lap Reg.
(PSNR=27.19450B) (PSNR=27.2119dB) (PSNR=26.7566dB) (PSNR=26.7947dB) . (PSNR=25.8894dB) (PSNR=25.8894dB)
(B=054=1T=3) (8=054=1T=3T,=5) (=054=1T=9) (B=054=1T=5T,=9) (f=051=1T=1) (§=054=1T=1T,=19)
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(9-2) (9-3) L1 SRR Image (9-4) L1 SRR Image (9-5) L2 SRR Image (9-6) L2 SRR Image
Corrupted LR Image with Lap Reg. with BTV Reg. with Lap Reg. with BTV Reg.
(Poisson) (PSNR=26.9604dB) (PSNR=26.8759dB) (PSNR=28.7190dB) (PSNR=28.6848dB)
(PSNR=26.5116dB) (#=054=1) (B=051=08P=La=07) (B=051=1)

(B=054=05P=1a=07)

(9-7) Huber SRR Image (g-8) Huber SRR Image ~ (g-9) Lor. SRR Image  (9-10) Lor. SRR Image (g-11) Tukey SRR Image (g-12) Tukey SRR Image
with Lap Reg. with Huber-Lap Reg. with Lap Reg. with Lor.-Lap Reg. with Lap Reg. with Tukey-Lap Reg.
(PSNR=28.7282dB) (PSNR=28.7330dB) (PSNR=28.6735dB) (PSNR=28.7471dB) (PSNR=27.7876dB) (PSNR=27.8160dB)
(8=054=1T=19)(5=051=LT=5T,=19) (=052=1T =19)(£=052=1T =19,T, =5)(f=054=1T =19[#=052=075T =19,T, =19)

(2 (h-3)LLSRR Image

(h-4) L1 SRR Image (h-5) L2 SRR Image (h-6) L2 SRR Image
Corrupted LR Image with Lap Reg. with BTV Reg. with Lap Reg. with BTV Reg.
(S&P:D=0.005) (PSNR=27.1149dB) (PSNR=26.8577dB) (PSNR=28.8495dB) (PSNR=28.1438dB)

(B=054=1) (8=05,4=1)

(h-7) Huber SRR Image _(h-8) Huber SRR Image (h-9) Lor. SRR Image  (h-10) Lor. SRR Image ~ (h-11) Tukey SRR Image (h-12) Tukey SRR Image
with Lap Reg. with Huber-Lap Reg. with Lap Reg. with Lor-Lap Reg. with Lap Reg. with Tukey-Lap Reg.
(PSNR=30.9462dB) (PSNR=31.3351dB) ~ (PSNR=31.1843dB) (PSNR=31.2123dB) (PSNR=31.3146dB) (PSNR=31.3146dB)
(B=1,2=025T =5) (ﬁ:lyg =0.25T =9,T, :1)(ﬂ:1,/1 =0.25T =9) (/3:1,/1 =05T=9T, :l) (B=1,2=025T :19)(5:1,1 =0.25T =19,T, :19)

(PSNR=26.8577dB)

(B=1,4=05P=1a=0.1) (B=052=06,P=1,a=07)
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2 (i-3) L1 SRR Image (i-4) LLSRR Image  (i-5) L2 SRR Image (i-6) L2 SRR Image
(S&P:D=0.010) with Lap Reg. with BTV Reg. with Lap Reg. with BTV Reg.
Corrupted LR Image  (PSNR=26.0569dB) ~ (PSNR=25.2677dB)  (PSNR=28.0346B) (PSNR=26.7979dB)
(PSNR=25.2677dB) (B=14=1) (B=14=04,P=1a=07) (B=054=1) (B=051=04P=La=07)

(i-7) Huber SRR Image  (i-8) Huber SRR Image (i-9) Lor. SRR Image ~ (i-10) Lor. SRR Image  (j-11) Tukey SRR Image (i-12) Tukey SRR Image
with Lap Reg. with Huber-Lap Reg. with Lap Reg. with Lor.-Lap Reg. with Lap Reg. with Tukey-Lap Reg.
(PSNR=30.9329dB) (PSNR=31.1113dB) (PSNR=31.0524dB) (PSNR=31.0748dB) (PSNR=31.3423dB) (PSNR=31.3423dB)
(=14=025T =5) (B=14=025T =9,T, =1) (ﬂ=L1=ozaT:1m(ﬁ=Lz=ozaT=9Jg=SXﬁ=Lz=ozaT=191ﬂ:L4:025T:13T9:1@

(-2) (-3) L1 SR Iage (j-4) L1 SRR Image (j-5) L2 SRR Image (j-6) L2 SRR Image

Corrupted LR Image with Lap Reg. with BTV Reg. with Lap Reg. with BTV Reg.
(S&P:D=0.015) (PSNR=25.3534dB) (PSNR=24.2202dB) (PSNR=27.3188dB) (PSNR=25.8242dB)

(PSNR=24.21900B) (8=05,1=03,P=1,a=07) (#=054=1) (#-054=04P=1a=07)

(B=14=1)

(j-7) Huber SRR Image ~ (j-8) Huber SRR Image  (j-9) Lor. SRR Image  (j-10) Lor. SRR Image - (j-11) Tukey SRR Image (j-12) Tukey SRR Image
with Lap Reg. with Huber-Lap Reg. with Lap Reg. with Lor.-Lap Reg. with Lap Reg. with Tukey-Lap Reg.
(PSNR=30.9124dB) (PSNR=31.0234dB) ~ (PSNR=30.0229dB) (PSNR=31.0627dB) (PSNR=31.2792dB) (PSNR=31.2792dB)

(#=1,1=025T.=5) (ﬂ:Ll:O.ZS,T =9T, :11ﬁ=1,2,=0.25,T =19) (ﬁ:LZ:OAZS,T =9,T, =51ﬂ:l,/1:0.25,T =19lﬁ':1,l:0.25,T =197, :19)
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(k2) (k-3) LLSRR Image ~ (k-4) LLSRR Image  (k-5) L2 SRR Image  (k-6) L2 SRR Image
(Speckle:V=0.03) with Lap Reg. with BTV Reg. with Lap Reg. with BTV Reg.
Corrupted LR Image  (PSNR=25.3133dB) (PSNR=25.217dB) (PSNR=26.69560B)  (PSNR=26.27250B)
(PSNR=23.5294dB) p=054i=1) (f=051=04P=1a=07) (f=051=1) (f=051=05P=La=07)
\ \ \ : \

» ;

. J 4 L J 4 _‘\ J \ > .va .

(k-7) Huber SRR Image (k-8) Huber SRR Image  (k-9) Lor. SRR Image  (k-10) Lor. SRR Image (k-11) Tukey SRR Image (k-12

Tukey SRR Image

)
with Lap Reg. with Huber-Lap Reg. with Lap Reg. with Lor.-Lap Reg. with Lap Reg. with Tukey-Lap Reg.
(PSNR=26.6723dB) (PSNR=26.8838dB) (PSNR=26.0696dB) (PSNR=26.3847dB) (PSNR=25.8825dB) (PSNR=25.8825dB)

(=12=075T=1) (p=14=1T=1T =1) (A=054-1T-19)(5=051=1T-197T,

T J 3

(-2) (F3)LLSRR Image  (-4) LLSRRImage  (15) L2SRRImage  (1-6) L2 SRR Image
(Speckle:V=0.05) with Lap Reg. with BTV Reg. with Lap Reg. with BTV Reg.
Corrupted LR Image ~ (PSNR=24.4215dB)  (PSNR=245102dB)  (PSNR=25.31650B)  (PSNR=23.9580dB)
(PSNR=21.7994dB) (B=05,2=1) (f=05,4=05,P=1a=07) (f=05,4=1) (£=054=04P=1a=07)

=19)(#=054=1T=1) (£=051=1T=1T, =19)

N

(1-7) Huber SRR Image _(1-8) Huber SRR Image  (I-9) Lor. SRR Image  (I-10) Lor. SRR Image  (I-11) Tukey SRR Image (I-12) Tukey SRR Image

)
with Lap Reg. with Huber-Lap Reg. with Lap Reg. with-Lor.-Lap Reg. with Lap Reg. with Tukey-Lap Reg.
(PSNR=26.0595dB) (PSNR=26.2596dB) (PSNR=25.3136dB) (PSNR=25.6090dB) (PSNR=25.2894dB) (PSNR=25.2894dB)

(B=14=075T=1) (p=1,4=1T=1T,=1) (B=054=1T=1) (5=054=1T=1T,=5) (F=051=1T=1) (=054=1T=1T, =19)

gﬂﬁ 7 mmﬁnmmmmmm%’wmwmﬁmz@ﬂmz,gq@\i NN Lena (5ig)
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5.2 N9REdanasNNuAz T suNINTBINIELIUNNTAFNNINAINAZLDEAFIA NN
= oI dld I o
AINATLREARTNHAINN UL
5.3 AP 9197 28INTELIUNNTATINNINAINATIBEAGIENBENATIAT Regularized
Parameter, Step Size, Norm Constant azunldannnisnaassdasadldinainin
AIUUNTAUIUM AR T Automatic AiludAtyduiunisilszensldeu

5.4 a7tluazausNTURaURBINANINUINLAAY

6. HAMNALAZUIAANNINONENAVRINUN LARLEBUNNT IR
6.1 M9daUALAINeIwutsTALR Y n ) TunAAINTTHAanS A1uw 1 Fadliun

V. Patanavijit, IMAGE SEQUENCE REGISTRATION AND IMAGE ESTIMATION

TECHNIQUE FOR SUPER-RESOLUTION RECONSTRUCTION, Doctoral Dissertation,

Department of Electrical Engineering, Faculty of Engineering, Chulalongkorn

University, 2007.

6.2 NILHELNTUNAINNINATINIT

6.2.1 Journal
V. Patanavijit and S. Jitapunkul, A Lorentzian Stochastic Estimation for A Robust
Iterative Multiframe Super-Resolution Reconstruction with Lorentzian-Tikhonov
Regularization, EURASIP Journal on Applied Signal Processing (EURASIP JASP):
Special Issue on Super-Resolution Enhancement of Digital Video, Hindawi
Publishing Corporation, 2007. (ISI Impact Factor=0.463 according to 2006 Journal

Citation Reports released by Thomsaon Scientific (ISI)in 2007)

6.2.2 Conference
1. V. Patanavijit and S. Jitapunkul, A Lorentzian Bayesian Approach for Robust
Iterative Multiframe Super-Resolution Reconstruction with Lorentzian-Tikhonov
Regularization (The Best Paper Award), IEEE International Symposium on
Communications and Information Technologies 2006 (ISCIT 2006), Bangkok,
Thailand, pp. 1-6 (F3A-4), Oct. 2006.
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2. V. Patanavijit and S. Jitapunkul, A Robust Iterative Multiframe Super-Resolution
Reconstruction using a Huber Statistical Estimation Technique, IEEE International
Conference on Communications and Networking in China 2006 (CHINACOM
2006), Beijing, China, Oct. 2006.

3. V. Patanavijit and S. Jitapunkul, A Robust Iterative Multiframe Super-Resolution
Reconstruction using a Bayesian Approach with Lorentzian Norm, Tenth IEEE
International Conference on Communication Systems (ICCS 2006), Singapore,

Oct. 2006.

4. V. Patanavijit and S. Jitapunkul, A Lorentzian Stochastic Estimation for an
Robust and lterative Multiframe Super-Resolution Reconstruction, The Annual
International Technical Conference of IEEE Region 10 (IEEE TENCON 2006), Wan
Chai, Hong Kong, Nov. 2006.

5. V. Patanavijit and S. Jitapunkul, A Robust Iterative Multiframe Super-Resolution
Reconstruction using a Bayesian Approach with Tukey's Biweigth, IEEE
International Conference on Signal Processing 2006 (ICSP 2006), Guilin, China,
Nov. 2006.

6. V. Patanavijit and S. Jitapunkul, An lterative Super-Resolution Reconstruction of
Image Sequences using Fast. Affine Block-Based Registration with BTV
Regularization, IEEE Asia Pacific Conference on Circuits and System (APCCAS
2006), Singapore, pp. 1746-1749, Dec. 2006.

7. V. 'Patanavijit and S. Jitapunkul, A Robust Iterative Multiframe Super-Resolution
Reconstruction using a Huber Bayesian Approach with Huber-Tikhonov
Regularization, IEEE International Symposium on Intelligent Signal Processing and

Communication System (ISPACS 2006), Tottori, Japan, Dec. 2006.
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8. V. Patanavijit, P. Sermwuthisarn and S. Jitapunkul, A Robust lterative Super-
Resolution Reconstruction of Image Sequences using a Tukey's Biweigth Bayesian
Approach with Fast Affine Block-Based Registration, I|EEE International
Conference on Multimedia & Expo (ICME 2007), Beijing, China, July 2007.

9. V. Patanavijit, S. Tae-O-Sot and S. Jitapunkul, A Robust lterative Super-
Resolution Reconstruction of Image Sequences using a Lorentzian Bayesian
Approach with Fast Affine Block-Based Registration, I|EEE International
Conference on Image Processing (ICIP 2007), San Antonio, Texas, USA, Sep.
2007.

10. V. Patanavijit, P. Sanguansat and S. Jitapunkul, A Tukey's Biweight Bayesian
Approach for A Robust Iterative SRR of Image Sequences, The Annual
International Technical Conference of IEEE Region 10 (IEEE TENCON 2007),

Taipei, Taiwan, Nov. 2007.
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