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Abstract

In this paper, a new method for image denoising based on incoherent dictionary learning and domain transfer
technique is proposed. The idea of using sparse representation concept is one of the most interesting areas for
researchers. 'I'he goal of sparse coding is to approximately model the input data as a weighted linear
combination of a small number of basis vectors. I'wo characteristics should be considered in the dictionary
learning process: Atom-data coherence and mutual coherence between dictionary atoms. The first one
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determines the dependency between the dictionary atoms and training data frames. This criterion value
should be high. Another parameter expresses the dependency between atoms defined as the maximum
absolute valuc of the cross-correlations between them. Higher coherence to the data class and lower mutual
coherence between atoms result in a small approximation error in sparse coding procedure. In the proposed
dictionary learning process, a coherence criterion is employed to yield over complete dictionaries with the
incoherent atoms. The purpose of learning dictionary with low mutual coherence value is to reduce the
approximation error of sparse representation in the denoising process and also decrease the computing time.
We utilize the least angle regression with coherence eriterion (LARC) algorithm for sparse representation
based on atom-data coherence in the [irst step of dictionary learning process. LARC sparse coding is an
optimized gencralization of the lcast angle regression algorithm with stopping condition basced on a residual
coherence. This approach is based on setting a variable cardinality value.

Using atom-data cohercnce measurce as stopping criteria in the sparse coding process yields the capability
of balancing between source confusion and source distortion. A high value for the cardinality parameter or
too dense coding results in the source confusion since the number of dictionary atoms is more than what is
required for a proper representation. Source degradation occurs when the sparse coding is done with low
cardinality parameter or too sparse coding. Therefore, the number of required atoms will not be enough and
data cannot be coded exactly over these atoms. Therefore, the setting procedure of cardinality parameter must
be performed precisely.

The problem of finding a dictionary with low mutual cohcrence between its normalized atoms can be
obtained by considering the Gram matrix. The mutual coherence is described by the maximum absolute value
of the off-diagonal elements of this matrix. If all off-diagonal elements are the same, a dictionary with
minimum sclf-coherence value is obtained.

Also, we take advantage of domain adaptation technique to transfer a learned dictionary to an adapted
dictionary in the denoising process. The initial atoms st randomly and arc updated based on the sclected
patches of input noisy image using the proposed alternating optimization algorithm.

According to these issues, the fitness function in dictionary learning problem includes three main sections:
The first term is related to the minimization of approximation error. The next items are the incoherence
criterion of dictionary atoms. The last one includes a transformation of initial atoms according to some patches
of the noisy input data in the test step. We use limited-memory BFGS algorithm as an iterative solution for
regular minimization of our objective function involved different terms. The simulation results show that the
proposed mcthod leads to significantly better results in comparison with the carlier methods in this context
and the traditional procedures.

Keywords: Image denoising, Dictionary learning, Coherence, Domain adaptation, Image processing
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" Over fitting

* Transfer Icarning

3 Source domain dictionary
* Domain adaptation

5 Target domain dictionary
¢ Patch


http://jsdp.rcisp.ac.ir/article-1-823-fa.html
http://www.SId.ir

Downloaded from jsdp.rcisp.ac.ir at 11:08 +0430 on Sunday May 31st 2020

] B = yi.xiT 9 A= X XiT &Jaa") w‘ o

bl adlgs HLolF 58 slindds g (5 jlwding Hglatea

aF atr(pTp4)
e ———

o oD 2DA
dtr(DTB) B @)
a0
atr((D-Dp)(D-Dp)T
M = 2(D — D)
an
DT co Camddy Az 0

2DA—=2B +24,(D-Dy) =0 —» D=

(B+A,Dy)(A+ 4,1 >

Goiael ools [F) il 4y e ple akaly ol o d

G o daawgi a5 L85 glhas il o piwe )0 o
A s ys Zemligo g bge (0138l 0ol po (Ey2e alal,
Dol iy abaly pes (i3 L ced Dbl 555
48,5 o o) cwmd ol Gl 58Kz e polde ymizon
2 ol o g adl eytws o (SIS igel esls a5 59d e

s k_g)l...')l; |) S=9)8 ).05..4) ..\.:l}l'_v 6:}'}4"’ D :Lnlib")“j

w90l wlw! 4 aclioslg ‘5);&1 -Y-)
5 4_7551 L sollae (wgaeal asliosly 3l eslazl afda_LaST 3l
s vl cmslivn Sl S 87 Sl 0 Ola i
Slapd) pwsien gilwazed 4y bgiie asliosly )b
GolB YL slesl s sla s yile las 5o 05 aalss aaliodlg
[30] &)lo 1, omgded &uaS (ETF) a5l solaio castn
)9t a5 38 )5 o ML oy il & ETF F35 035051
i ot aS o g 005y Jitemn ;a5 5 JolS j5b &y o o
Aasl a1 Siwaly Sow

Il (Shy ool Gagliemsdy a8 Sl axrg Wl
ol elis 090 dalesn Sas olgzde olal by asbiclly & ol
o ol ly 28,5 Nalys alowl o B O )ged lles Jo
51oolatn! conlie (S5 Jgam sl asbosls >lb s
Blhas lade & jgods a5 Cuwl anbiosly T cmgden il )l
Ry 25 dAsliosly (gliome slawil Sgy0 oy Jol> 0,13 5
wisly asbolly 2al S ile G=DTD 51 5gh 0
bl eadiordley slogsim b D€ RPN _sacs
el G o (g,kad e yolie Bllae Slade diiig

Gslae i yile inl > (55kad508 yalie osluil 5

.Qla_':'.lsn J.cl? LTF u.a.'!‘lQA)b P s-*'j**“‘“ A.L'.:.o.f oLi}] m.\_':')L:v

Sled aS ailyoays (ojgel saal ools by adgl asbosly i
Sy Dy g D sl ool glads ioles] dls e o sold
Y akayly j0 pgo o 18,5 ka5 15 #8lg,0 .3y dales 4y b
Jres 1y G glad  Soems (V)b (gl sblse
S=Sole D aslioly (bigel 5 (il ke 5l (Vaasles s
oS Lhjgel eals by as Sl go @woly8 1y ISl al (Y a8 o
3,0 Cewsas |, Yl adyi Bl e g

ol g ek, ol (loases jsliien
Silwticty slapzysSll 5l Ol X5 D slam Sle
SaS 4 [27] gz e 50 akaly ol Jo 0,8 solazal P oglize
lassl 5o i, sS cnl 5o el sads &Ll glite g9
b X Gpile olwaigs jshiaety SaadlS G5 (5,l35a5
D aclicly slapsl slwyis,as umw g plamil D Zali asliofls
Fn ssbtr s, ol 5 L2 b X SE s e
sebiedy x> e ol o a2 Fy ol SR b B ogd e lyz)
Sl OMPT saliie cadins oiuysSl 5l SE (g,35a8
ol 129] ol 0y o3l X S5 o yile ol p dnmlixa
s Loyl jo asbiosly slaps! § aml ailiay > 93!
ool denlome ol ugy ol jo isd e ol
s B8 g e delicjly slaai! g JLSaw g0
S oo 48,5 54y o1 50 Sleype dineS Sl >l

90 daliosly (slansl ilw,jg,ds jslaieds dalel o
SRRl slaem oSl 5l oslaiw! s g, 00 2azg g,
anliojly 9;3)‘5;\ Jolis a8 o9, ol sl Yséoha}’ obel,s
Ooygal 8310 4y (g 009 i slmn il dasy Zijg0 4
o9y Olsieds Qi 5! Q‘BILSAJ Jabo e & 0, 5ls g0l
09y byt asbiosly Ggel b Jo jgliiass (3lmaiage
2,5 oolanwl Lad 3aukas

o g 5000 ali HLolT il solaial Koo g,

aL(xpy .

Colle asbissly lon b —2= = 0 ey sl o] (008 )],

Olis 097 Uhay Ol gl Cewody abgi Ba> jolatea; |,
D508 oo HIE Am gl g0 Camd Zamesl Pl Sigal ool
Ay L 127] g ye soleiia Jg; 5o asliosly (Sl )is)a
oelsd 30 o Do X S wul,d e sle 28,5
bl

F=min ¥y - Dx;lI3 + 211D = DolI%
= min(er(y;"y,) +tr(D"DA) — 2er(D"B) + (D)

Mtr[(D = Dy)(D — Do)'D

4 Tiquiangular tight frame
> Gram matrix

! Altcrnating
2 Orthogonal matching pursuit
? Stochastic gradient descent



http://jsdp.rcisp.ac.ir/article-1-823-fa.html
http://www.SId.ir

Downloaded from jsdp.rcisp.ac.ir at 11:08 +0430 on Sunday May 31st 2020

oS olaasllsg, p wgoa Silgi e sols g 0y awlys
[32] 59 oS aaliosly slages!

LVb £, b (S5 el Sl oK Gyl )

G edign gie glrsel wzse S ie Jlas (6,350

St ol asys plasil gly paas asbiosly )0 lags! luss

5 5035 il o> |

‘.vl;)
Prdunt

b oo Gl o 5 lhd g0 )

3 Opdy Syse SBoa b SEode ol )
S plS 3 S5 aleiil Bgy ol 5 solerta )
6[,@4&[50}‘5 A LS?L?_\:AM&) )B.Lii.oﬂg Aat]ojb LS)SQti f‘b-:.—!)ji”
.QSL;}GA aolaul UL ngﬁla (e gIeR Lg
ovgenl 49[50}‘5 EY ug[gd;w)é A ul.,; 4§)9‘9Q',¢m
Syl oS fia allae l § Caend e 5230 D g0
hile g weles 5L Jls i a5l ol deliosly
32 Gk 3y on)B O jgeds (egdenls dsboly e
ML.’»OS‘S Y ‘aljf wg))'l.o Oy th|5> QSM rbljf w{)ﬂ«c
Oy .\3195 4\:..,;:» J}‘s ASﬂ wﬁ)B'LA 4, c.\.fao}.».ﬂ.o:} Q_Jj..\‘mli
VW..J'IJLQ 4G = pDT =y f")? w}lﬁtn ez » O.:_‘)gli.g
)‘ )SJ.E::\.....A Lﬁm.'a" a5 .)9.:36.9 Azl c..\..i’l._' ).I\SJ-\)J ..\D-‘} d.g.:'
alayl) 4 a8 sul slgrig cplply Wlbas b Sas
48Ls! u:;)'?a“ oy Anlibjls (gaSeR ‘.g h.'..?)A ula?o W)

Rgr el i) Dzt siluaiat @b O 5o cnl 0 05

FPTUp()Sé!d = H})ill ZTH}’L - Dx[”% +

Lad ganbos (yh9) 9 Y930l dolioly (s a5 b Hulwlys jagua3 ddgs LB Jy3a by A5

(VD
M|ID = DylI7 + 2,1IDDT — 1|IZ
FPT‘OpOS(?d = mDin(tr(yiT,Vi) +
tr(DTDA) — 2tr(DTB) + Ay tr[(D — 0

Dy)(D - D())T + lztr[(DDT -
D@D - 7))

oo 3 aLT il Jolis (3) ala, pges ik

s jshedy 23059 yrally A 5 paiely axlyasy

0591w b 0gs dalys aslicdly (g1, aSy pl,5 L yile 4
il gelem i ol Lol

OFPrapused
———=2(MDA-B
3D ( )+

24,(D — D) + 44,D(DDT — 1)

ORY;

6[]4> u,..mlf L bgg)n &;‘) (Ji‘ o G u,u.?U
L 439; d\nlioj‘s u"sli 4y ‘on)ae P9 O &..555 sals YY1}
wBLJ lg Lsg)n g u;’,.za 9 ETE a, &gé}i ‘4=|Jf L’wi);lﬁ

gdé’ 14 3 V1 ]..A‘)LJ ] jf_l.lg_‘\ )‘ J.al...n dALm)‘ﬁ slmpal

FY ool F6Ld WWAA JLlu

Sl ub):u J.:LS Py Sygeds D d.a'.:o}\} ‘_;‘Ltb‘w‘ (SR
130]

u(D) = max .|dl-.dj| )

1=<i,jsL,i#j

oSl Gl eadle slo (S 4 azgi b ol ol

2 siae sl ug, jab g debojly JAN 5 ke ade3 Bd>
4 391 eyt sy Jldoar ugdeal aslojls (5,50l
iR S g bl Cnl 5 asbiosls oSl ye ailsn
ools syl 0ally 3)lse e gOlgidas (g, (S9m

RGP

SOty 9y Y-
J..al.?- Az L_J'i‘ ‘_J..‘.ﬁ l_glﬁ‘_;i.ﬁ:i ) °""":’OL¢3 b)‘gn 4 4?53 l.:
a ».\5‘356/: u,.:sd.a.‘bl.i L_glmp,.,‘ L.\ Jal.f‘)é 101303‘3 FLEAW
il 3l Jaias 51 10 1505 1098 jomin oS iledily (glas
Og szb& )‘:)?;:3“13‘ (59959 gl élﬁn\ff L)i»{‘LQJ' 5 )iie
ol glaesl A Sbiaws aalioly (3900 50 Bae pllo
AR S do |) SV IIeR ;’;n‘)li )'..\.aa U’J”’J a8
t_grféb 9 d:g gsit'“sjlf L hf.?),o M.mlﬁ@ )‘ 05513
u:‘ Gil)LY 39 0 4:..3)§ © 42 alisra th)‘d)J e Mliaj‘j
R PR W \L)LJ‘ \_)Bl.b.n C‘il:" OQJ-}T\;‘MJ\béL: 9o Lﬁ&j)
LARC S5 les sl o 503 5l ecgolgiin g, ,o 1311
G355 1,5 b LARSY g oS0 jl anans 45 o aolites
pb_)aiﬂ g;‘.’.l [32'33] ':AMJ‘ OJSLO 6,.»5&4@ )L)«E-o QA:L..)‘))
allae Og}‘ )29 0 43‘)‘ )LZ.OS/ JL»./».M: 45,:.?' kS?rLAS).Le )910‘.;404:'
[32] o5 s0 4id,S S as g o0l Abgi > (sl ;o
Ol iy Dppodr dlgi o gyl 4S5 L SE gleiil
:55..:.'.1
x* = LARC(D, x, K, Coh) M)
b LARC ST glaijl om o) a5 oleuls)
)ful:'l 41:{‘) L}'i‘ e K ‘.));L;n ﬁl?u‘ ):_;:.A é—n )‘\,\.a.n
el (68555 B0ld AT 2 sl F o) laae Al
solo—p3l e owgded Hliae Tl Colt 2ol )l (o ixen
rgla_)sijl r:[.oj‘ lef (e gIeR )L_\x,c Qléffl&)\b |
Tlossl g Tamie Bloul s axdlas bl WSS s 5SS
: |- . P - - t, -
as ..\nggd (&) Gln) faaal \J\).’zal .Jkésa T A ‘) e
SE e 2leiib b plasl Gl (S5 #55L S olassl

sélf QZ..LLAS ‘_gbg }L.:.; 330 ‘_gl.bw.:‘ Slasy Oi‘)’-’l';'? EJ.:J)L?

! Tcast anglc regression with coherence criterion
2 Least-anglc regression

3 Source distortion

4 Source confusion


http://jsdp.rcisp.ac.ir/article-1-823-fa.html
http://www.SId.ir

Downloaded from jsdp.rcisp.ac.ir at 11:08 +0430 on Sunday May 31st 2020

T
lowe =—.1;
out = Joyclin

QD)

.553 M‘P 6.55)5 614.594 Jl_i:_u [in thaJ“) Ui‘ o

MUO')’b )| Jml? lgal el ‘_’wlw‘)g PRWFVES W 034 5O as
RO ge Azl ‘) 2R pgeal g 0 u.;jmls

dlie ol yo eaddily) oo o golpainn gilodins Jly,

faw] 0A 02 i dalsl o 5 ddgs Bi> ,elhieds
)3 PRab S st 29 ?

;:5)5‘ C).: Dy Vi g 6lmdij Zpl{),i" $°9)9 o3l
Sloes 9 Coh0 4:55‘ (eI t:} K é;: é}i ‘Anlioj‘s
1,5
S:} \_A:“....a 9 D cualm)le ',ﬁ.u,i" ‘59929
00— 08 5/4 ‘$<:.....1..¢.h w‘).b 9 DO_[) A
i—1:0 )y X
(A Aol ) LARC w6 o siins S5 gladsl o8 ¥
n;iDnZI”Hyi —Dx;||3 s.t. Vi, |lxlly <K , Coh>
Coh0
X UL.‘A).JGL-& g.i-a‘ LAA‘)“}J 3 Yi 6.}5)5 sals ‘_g‘;)' ¥
A xxT - A
B y!'xiT - B
adal)) ol dalicsly s lwoydle s 5 acliosly (s ,wSly oS D
(V-
FProposcd = mgnzl’n“yi - Dxi”% + A D - D0||f~ +
AIIDDT = 111
£ ol 4 iS5l wab i<t S1.7

Silwands g lii -F
o&;_‘ é);)lsﬂ‘u Ll )-LBA&.; ‘\593 MRS ‘_‘“5) aids \_;u?.c_: o
SR 090 Lad éaf.h;i L;"B) § PgNed JAL{‘P 6[@44[503‘5
aolioily Sy P90l Jgene o) gy NSy ) )8
Slazeas poas JS o1 5 a8 oad adss B jglatear o
aS g, )] g e aid 5 155 5 Sigel o )9Sl (6354
Qd> Anlioj‘9 ‘_w)}a] leﬂ )‘:'yaﬁ )l &_Lmv@?u La,:.; 01 )
)‘Jé oolarwl b;yﬁ L;-'A'La)‘" Ja:.?u 6‘495; Jailj.i Lg é.:.la;.a
tji e g_)'»'“ ;.) d.?:.:.i).) ‘.ba.: JQ‘QS A.‘.Abg..u )L:......z ‘éﬁf
ity pogal ddei Bl jalaiads asbiosls g 5ol Jls,
oa ealatol audl Jlasil asbiosly ba) 5l 1,0 45 o sdls
|

aS' D Bun glad asliesly glaeil golgacn (Bgy 4o
Mljajlj 61A¢3‘ wl...:‘).u o 6‘425: .L:_.,.z.c ‘]ailj‘:’ Lg é:..la;.e
Jlay ol g oo j9ya Lad Bl gy SeS4 Do 4yl

G55 bre (wlolyy Lol JEnl SaSay sl (g5leazig

aday 4y azgi b oS e LS 1, b ic ol ol adllae
(_g‘).g ‘w r:)é L> s_>|3> OQ)B"\:—“\)A.’) 45‘50L7u>‘ }l 9 YU

odal Cawsdady (V) abal) o 2yl assl asiles 1 asbofly
el Su b gl e Rl
Glosbs, S obolyl 55 soli] cwlis OlaieS
2 Loyl 5l ol mlis 5l 5 e0s: g llanil S5 Sleisl
650l 5l e S eclannl led o dsliosly (6,500 (g, 2
S a5 Togame alills BFGS  bg, poiue 4eliolls
b iltinte Bl J> Sl 02393155 o2 565!
slp B hey onl B4 ce Wl aS e
lodlidgazme alibl>- douui g 031 (59 (giludicts LBy
2 Sl jskied 4 Sl BFGS (giludings Sl
Py alis pty 180! cahoceal sa (L YL sl b fils
Culan pliteds Tins g le wgSas ras IBFGS
s S slojlo 51 (32 s Ll 10,25 o 0500 il
b flwe Jo Glp opdion cope &5 WS oo oS |,
DS R azg oyee i ol e el
Xo s ate ylade 5l gl e b oSl 0l
5%z X1 e polie (oedS (sly 0xieh LSS j5bas 9 5,0
Ot Olgieds 4k e @b Cews Fide Wb oa dald!
o by o Shoe jshanens 5 02580 8920 (sl p3
Oeizmed 05 oo 18 ol 9550 gy onl o Teowd
3 50 035 53 O el (p9o 3700) & e (o il
ssbieds g goleiioy fbs) o ad S o5 shailea
aladle Sy, SeSar pgad aslofly )3 lasl (Sl jo 0
Gina 1 Fproposed @U pogdle wawsly oo BFGS ogaova

. Fproposed T

shz! 5l dols zli 5,8 oslazul —y ol

i 5 baby, o b mlts aslia 5 solgiiie wis,oS)
ol 00 03,5 32y

il po 3 Jolo asliolly o po 5 dalioly aand 5l asy

Ca CA..MiL:vSA as Aﬂlsa [GPNTLER f 13.9@3 oale o SCS

13945 ool Lo jumd gl 03l U 0508 108 (Ssls s

I=D.x O
ool a8l ke aolicsly (s yile D calasl) ol 5o
)\ QAA_‘\:AMJQAJ‘ »5.: GJLm)la b‘—\')'l)nb wg‘);LA X 9 (\ V) <\.‘Ag‘)

] (/\) 4.‘4:*‘)

! Closed form

2 Limited-memory Broyden-Fletcher-Goldlarb-Shanno
* Hessian matrix
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(Figure-1): Results of image denoising based on the proposed algorithm in the presence of Gaussian noise with 0 =20 for 100 patches of
noisy image. Right column: Clean images. Middle colummn: Noisy images. Left column: Denoised image.
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(Figure-2): Results of image denoising in the presence of Gaussian noise with 0=20 for 100 patches. Right column: The

dictionary learning method based on domain adaptation [27]. Middle column: The denoising algorithm based on K-SVD dictionary
learning method. Left column: The proposed method.
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(Table-1): Results of PSNR values of different image denoising approaches such as domain adaptation-based dictionary learning, K-
SVD and the proposed method in the presence of Gaussian noise with =20 for 100 patches.
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(Table-2): PSNR values of different image denoising methods using dictionary learning technique in the presence of Gaussian
noise with ¢ =20 for 1000 patches.
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patches of noisy image. Right column: Clean images. Middle column: Neisy images. Left column: Denoised image.
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(Figure-5): a) Clean image. b) Noisy image with 0=20. The denoised images based on the proposed method with different numbers of
patches: ¢) 20 patches. d) 100 patches. ¢) 600 patches. ) 1000 patches.
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(Table-3): PSNR valuces of dictionary-based image denoising approaches for cheetah image in the presence of Gaussian noise with 6=20
for diffcrent numbers of patches.
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(Table-4): PSNR values of dictionary-based image denoising approaches for cheetah image in the presence of Gaussian noise with 6=10
for different numbers of patches.
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