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Abstract

Noise reduction has been actively studied in the digital image processing and recently, block-based denoising algorithms
are widely used. In particular, a low rank approximation employing WNNM(Weighted Nuclear Norm Minimization) and
block-bhased approaches demonstrated the potential for effective noise reduction. However, the algorithm based on low rank
a approximation generates the artifacts in the image restoration step. In this paper, we analyzes the image content using
the STFT(Short Time Fourier Transform) and proposes an effective method of minimizing the artifacts generated from the
conventional algorithm. To evaluate the performance of the proposed scheme, we use the test images containing a wide
range of noise levels and compare the results with the state-of-art algorithms.

Keywords : Image Restoration, Denoising, Noise Reduction, Gaussian noise

Peksld, Y o HAE Y, SdUEy Hadddistd I.M £

Q%

(Department of Image Engineering, Graduate

School of Advanced Imaging Science, Multimedia, @ jAks]= DSLR(Digital Single-lens Reflex), Zmt
. énd Film;hChuAng};A?Eg Ur.lliversit}i/) . . E Z ghul, CCTV, AFExF ks S31 2.8 x|
~ Corresponding Author(E-mail: sangkny@cau.ac. B oA o o = A A A Tl e ol AL
# o] wES 20159% FUTisa Fu@=H(BK)21 e 7]7}4 RARA we EgEOjH 179 94

PLUS A1 3 20149 % w] e 23} 8H 79 & 5o = AF 7T F A HA o= AT} 7|s] HeER

APoz FaAFATeNA A PE o} F3E A A AAx~E g Aoy, o w YT tAd

T(No. NRF-2014R1A2A1A11049986 / o . i} i} }

Al 11 738l & o] oA} S ~Q % Z7)38F A

NRF-2014S1A5B6037633) )4 th. ce = J“_g} 49l ¢ A Tas WA S A
Received : November 14, 2014 Revised : February 22, 2015 o o & gk shAIRE o9} 2 Y=o WA
Accepted ; April 1, 2015 T GAe A st E e 9 3ES AsHA

(757)

http://dx.doi.org/10.5573/ieie.2015.52.4.145
ISSN 2287—-5026(Print) / ISSN 2288—159X(Online)



146

el

T

o} VAol A=

o

<

3to] 7]

3 wls, A

oj
i

o)

o}J
Nl

‘_lﬁy'
plo

=

I

ojn

P

Rl

<

(1)
s

2

)

o]
pel

|

Aol 912

)
il

G/l

1=
=

R

1

z(@)=o0(x)+nlx), z€X, XC Vi

A7

£14]
4 (3 2ol 4 & A

2 OAg 7)7] g

3] &#S-(Thermal noise)©]
(Gaussian Distribution)2]

S|

2

9

1

3|
8]

]
e,

Aok BHER
ARG, web) dgee R WA Al

e (AWGN) o] 2} aL

[e)
g2l

[e]

5

s, 7}

oA AAte]
/\g o)
3

=13

B

[e)

=

377 el Eokell A

e}
[s}

ATE WA F

o

ojpy

AA 2

20
=

DDID && MA ¥i2E
H

DDID

1.

s WAe] EFw

Fal AlAS

I5

A

off

o]

=

=

ol BM3D®o)

(Wavelet Shrinkage)

N

=

=]

[e)

flo]

L

R

F el A

A ARgEH, doldl S5

o~
T

)

A7

?Isl_

[e]

e

}o]
A| 7 ol A
A A FEEAHLow

H
il

[e]

bl AEAE ol

9

L

e

ol

=

=

2 s A7sk o] 4o s
e L]

a

I

o
Rank Approximation)

[¢]

E
B

T
d5

#el SA-DCT(Shape-Adaptive DCT)™, BM3D(Block
VS

Matching 3D Filte)®™, DDID(Dual Domain Image
Denoising) 2t 22| =" DDIDZ 7} 41 8-PID(Progressive

Image Denoising) a2 &5} 857)

gel K-SvD!r atsle]

ofpy
Njn

Q.

= °l8

=

Of = PR

2. WNNM
(Weighted Nuclear Norm Minimization)

(738)

A A

18]&2 STFT(Shot Time Fourier Transform)<

[e]

P, VAl A

shof 3t

9

g ol
1714

o

S

==
5

o}, 18al -

AA el o

Al ega 7k

I3

e
8

3|
|

=

=

95

VS
&

Zulg)



20154 48 HAt5e
an

Journal of The Institute of Electronics and

Aol e wrEH o AAZH,
A= Y0, )
2 (25 58 wFg o w(Nuclear Norm)& % o] gt
T dom, Bo] gheo] st =N JhEAE uEs] 2
sto] At Fe AAA Aol e BES

] O

—72&

Fah7] Aistel vhest 2o #3e},

_ _ 2
i(2,,2)= | 2, 2|’

a, =min(d), n=1-+N

Y,

= [al’ gy o

WA 4 (3)g ol

09l Aol e
ATk

4>

3

Y= diag(01702, ---,crl-), oy =

o] 7] A
M < No|H
49 izt

7}

Y,7b MxNSQl AAAd4d v, Y=
Eo| zk(Singular Value)o] W@x&o =2
g1 (Diagonal Matrix)o|tl. U V=
MxM, NxNZ79| Gls]
Matrix) ] t}.

2 )
=2

Z_l

(Orthogonal

A

a \/max(a (

AoA e 0BT
ol w2 A

0)+e

Onoise>

o] & &4
[e)
2 T

pul

X

o

=]
Run

3|

==X HM522 M4z

147

Information Engineers Vol.52, NO.4, April 2015

(759)

ﬂ—U]E‘]O]U:L Ui‘E‘ }4 (7)01] 'év:% l‘ETO] O]Tq— O noise ©
D SO HAOIH, e o} e oz 00z 1}
T2 A AERE 9 gtk

Su (Eii):max(zii Wi, 0) (9)

—~

9)E AXE JAAT 7EAE oulsh jH vt
Pl 5 (D)= A®9 715 #HEd 93)A
s 717 Yzt do] At 1
1 P S o] &alo] oJAF He
Q7] 91ate] A (1002 Fapste},

L

o © X 4
1o Fool o i

5”
%
o]
Eﬁ
ci
o
)
o

O]

2 =M e e AA 9l STFT(Shot Time
Fourier Transform)& 3224 AXARE &85
T e A9H Fue 24E Fdgth STFTE
gt AL Tk M-S Fa ] sgA G A
g AES 22 AFARE o Bo] wgd + 9l
7] wolnh wheba FErgh o, ¥ o] tig
ARE FE37] Y4 STFTE B3 945 w43



148 STFT 7|8 GHEME 0|2

st

[eZ]

=
30| 24

1. STFTE O] Fup
STFT(Shot Time Fourier Transform)!=
gk 24 <]

oz

Ao o &
fo T X 1o o4 dy g& 0 2

=

Fohg MBORA, AGHOR 7}

o o2

A

ol
-

ol
o2
of

o=
o

o il i rlr

=

N

DFT(Discrete Fourier Transform)S
A= 7HAIE e A (D)9

o grgg olgar
zg) H kb

¢

s

Ho

Yy
203 e ”,’,,02,,-”, (11)

o
S|
i)

=99 7F-AIQF 3
g g EEA 158 055 ARE-F)
(12)% S8 Falld 7 g, 2 29 y 9 3
Atolo] Ag] Apole} ska ghe] zfolE TtFAIR A
oz AFuh Ao sjdHch 1 AFn A
2 (13)ellX] STFTE F33t=d AF&Hr)

O

1 o
w g, =

-

Q5
A

i=]

LN

o
=

—i2n(y—=x) « f
2r+1

ko (0)=g) (13

Fejd] A
4 (14e 3
2 4 (154 olgA,
o) gkl 2A UEhte

st &1

BLe]

HENA ¢LEE

HH
=

o>

Y

(©
a7 1. Aake| EXo| wE
ol
(@) 22M g9 (o) HESH 99 (o) 22 g
odof Chst dlo[EE +F A= (d) HES Y
of tist flol28l =5 A=
Fig. 1. Wavelet-shrinkage coefficients according to the
image features.
(@ Edge region (b) Flat region (c)
Wavelet-shrinkage coefficients in the edge
regions (d) Wavelet-shrinkage coefficients in the
flat regions
Y0 g
K =e G, f (15)
Ql’.f:{K;,f7K§,j'7'..’K;l,f} (16)

-
ol

17 K, ;& DDID &gl &% Akg5lo) 9l
o] &8l F+%(Wavelet Shrinkage)ZHolt}. o]7]A ~,&=
A7t H4HE WAE UehE gen o,
(15)9] (16)8} o] Zhzte] AFEe

Al
2l
iRl e)

= X
.

2 (16)& AA
o] YEep}A]
7HA = AMG7L
;e olgstu

[e}

3
[SIASS
L opn .

L

L

o
=
Q xTr



149

[e]

3

x| H52H A4
A7IA #{ }

[=]
—

=3
[y

Journal of The Institute of Electronics and Information Engineers Vol.52, NO.4, April 2015

20154 48 HMxtE583

W S WM L e N I = - S S e S - O = S
0 = Fx T O ﬂrxum%ﬂauﬂoﬂ.,_o o TR s B U S
n g LR Wy (BT gy 5T cwm OFLEE o o B o
= 0
. ¥ w %3 %ﬂ%@ﬂ#ﬁ. =D EEellg T
X = of g = O LTI Kl G SHGN - au T A
i T N g o Mo W R e g BT TS ~ = =0
s T %WW%%MQW% mazm%ﬂatm_u%nj & @ %
= W B R o o o BT o <0 @ o xm X . - § o
" o o PEE TN o Ko @, @ _Fg 2 X 5w
s ERTT BZT3keax:s Raguleslzwae L oo ® g
5 . 0 ~ ) | = =
~ &Ko o nC MM ,@| o Wo owa o~ B oj nﬁy = o ol = do ,Dl %ZF o M._ln (- Bo = 51 O =
foljnl — = o — om
a T o ol mm o kA e T o ° hx Bapy X & 5 LT
< TP T ThE T g MR TR, ono® (O P e
o a2 T RET R T W oW R P o WL B h o x P PO
Py i = =y ~y T X -y ~o o r o
T S o ﬂw%%m)ﬂ%uﬂ%%%?ﬂ? N Py B oD B gy
—_ o [— J: . . -~ /1@ 3 o B S T N
0 Cx v LS oy = B S - ol B3 . =y — 3 s ) AO ol = N m@ _ S w { n|
T S WL Be Ty BTG U] w2 R T S o g
) o) B ol T oo T oxm oF 0 - o T o= T o mw_ Mo — pal s s
T oo I g EAdwmmand@me omT o X N 2T W w7 o o =
T = 5 S zr oy B o O o o o IH FE S s W 3 B =
~ o Sy _ HI EE o ‘UF d.ﬂ ) ~ = B . o_a b XY N 0 = or AF G n_.m 1) ot
S O e N B G R < U S RS T L.
(SR I Gl S R R N ey O mw T W Q RN
—~ —~ N —~ -
S Mo # g 3
~ ~ M,.-“ JH\_ O#E . ~ o
= ,__h B ) i.._ I\Url oo
3 = \) o oy Bl
o C N S ku =
5 < 0 = zr T
W o g o S 1
Tt s oM T
s & = ol e 2
AK _Q W =)
< Lo T w3 H
S w® P 2 E
S R owE o R ~_ 549
o P g TE 522
—_ ol pd
_ o) M O_L h Oﬁ —— _ <0 =
> wn ° 4 g = o T w
N .7 e O 1 )
AT R e
% = T X g mﬁ o) o o A___;
_n g 3 w.lﬂ; ﬂ_ol N — o|._ —_
o) = R = AR T 3L
I I = 0« o = H
Doy s w0 o
S N - an
dla % M

Fig. 2. Analysis map from the proposed method.
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