2015 #5353 sHAst=T 3

FAE A4S 843 Non—local means °|4 9]

agd 2

A BE A AT

AQ% owly  AAF
sl AR FEEA 23
jhkim07@hanyang.ac.kr aeca2002@gmail.com jjeong@hanyang.ac.kr

A Study to Calculate an Efficient Covariance Matrix of Non—local Means
with Principal Components Analysis

Jeonghwan Kim

Minjeong Lee

Jechang Jeong

Department of Electronics and Computer Engineering, Hanyang University

Q
J

ok
ol

L Gk “*Zi FAE EA (Principal components analysis, PCA) & #£3% Non-local means

(NLM) & a7k, F4% +45 7] 8 2444
S XS = Sz, o|u
A% a7 aME S2xQ ANE A= Pzt 7
715 9024 PSNR (Peak signal-to—noise ratio) & €4 ¢lo] NLM ¢ 23

NLM o4 9] Neighborhood patch 9 A7 &

A ER=
1. A&

Non—-local means (NLM) [1] & ©]n|A|7} 7}A& B4 F
shuel  self-similarity & o]&3Fo]  o]mA|o]  EA 3=
ol 25 AA s WO Bilateral filtering[3], BM3D[4]
53 37 gy 2ol oA AA (Image denoising) 7%

% ahiolet,

NLM ¢ ZHdoze wud Fdo Hue o
o] wlE] B Axk #FE Qs o] A FE& Fol7Y)
A=A [2]3 /4% #4 (Principal components anlyasis,
PCA)E &g3lod NLM 9 EHEE =1 PCA & &£3%
Wo] 7]1ES NLM HIBHH 9 a&dql LO]Z AA
Y-S HolEqn

PCA & &3/ Hslxe s#AF FE  (Covariance
matrix) & 787 Y8 F7FHQl date] Qs upEhA B
A o] AR Fo|7] fg WS Adsty 1o wE
PSNR (Peak signal—-to—noise ratio)7} o]9A ®gs=A=
A48E FHlA Hojeth

el g ot ol o
LM

o

W
N ¥O,

FojA Qv 2 Held e
27N 3 HelMe PCA £ ol&3te] NLM 9

Z,

E.
BHEE Zolt ol Bl 2hdt. 4 2E PCA B ]
Js BFHoz Fdok e IEM WAL AsHOR
AR WS Adsn 43L& FAA FAB

205

Aito] Aoty ARAOR B =EAAL o 9
CE o
a2 |=}

2. Non—local means
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3. Non-local means with principal
components analysis

utebA o]2 gk NLM 9 H3 =S £0]7] A [ MWL
neighborhood patch & 7Fe
AAEE o] olyzt PCA & &3} nelghborhood patch
V(N;) 9 AHde Fad § A ahsith

PCA & 3}7] 984 WA neighborhood patch 2] &%
A @Ede ok s=dl V(N,) o F#3& V(N,) = 8t
A V(N =V(N;) & S*x1e 2712 /e o gz
vebd & V(P) gz sta, ojulx AAl F4 FolA 9
o A HJEs W eta s o] A4 JFE ol gsto] WE
neighborhood patch #d& M olgty & w o PP

S?x|W| 2712 Aun W& wg el azel Asoln,

o] PP o] &3t neighborhood patch ¢ 384 314 C
e 2ol 49 #r

1
C=—MxMT
|‘P| (2)
Z o A4 PCA e (6] #F=xaA. C = olgst
o V(N,) o PCA B F3ste] AdS F2d ARE

Vy(N,) ga &4 d & PCA o Jaid 28 442 e
dth, weF peighborhood patch & A7)17F 7Tx7 9 w
1<d <497 93 d =499 & e NLM 3 % 2
& A%E dA A A79F 0% PCA £ o] 43 NLM & &
I} Zo] o,

HVd (N;j)-vg (N )HZ

TG W

jeQ

—] L) . 2 2
4714 Z, (i) :Zjege Ivg (N v NI /i s Mz
normalizing o] ®d. F£AH"E NLM 9 JHR=&

O(QxdxR?) & zoj57 =k

206

4, 5 FE AAt
FEA Y AN 7]E NLM o 2A8H4 $9d Ao
WA @YY A7t sbed AA sk Aol nigAsi,
2l AA HA £ 109955 AL st o] wigd
Astrka Hofglet mebA 4 W o A7) whebA PCA 3}
Ao Ak 8 £w9 48 NLM 9 PSNR o] oj@A Wa}
A AEE 8wt
Az o)A Ao MELE sh= PHS [2]eAM= @
9 AEY L stk HogAw % s £ 9 7
AHoz O3 13 2 P ol¢d MEHS skl
| EBE
:
I 1. AEY

A H S

il

49 A

RAM, MATLAB R2011a 37l A

Ast v uE 98 £4%¥ NLM o] & 4 S &

= neighborhood patch

At € &

v
2 pd & 7
o= olmz Hx HAL fAor I
A} 1 & 512x512 Lena o|9]#
Z Agate] pd ol e $4 ¥ NLM ¢ PSNR 3} 384 3

) & 79 correlation &

Mgl o
A=}

Al YERdY, AR Intel®

=
=
STt

o3

2 02 6]’

i5—2500, 4GB
HQ O%_]’l

FYEEE 4

apetin 2

A Agk] ohd 0F FEA AL FaHE AEE SRR

R

th.

E 1. TEA Fdo] wE AL % ¢} PSNR H| &
512x512 Lena, 0 =10, S=7, R=13, h=42, d =6

24 244 pd PSNR Time (s)

1 34.62 0.27318

2 34.62 0.10419

4 34.62 0.02343

8 34.60 0.00318

16 34.60 0.00119

32 34.57 0.00074

64 34.70 0.00059

128 34.01 0.00051

Parameter h ¢} d =

ol A Ak WS o] &3t

Adsiich, Eoja B 1< pd <16 9 7%l PSNR

S =
\_J_

2 HEE AAAR AR A

=

T

Aol & RSl




2015 & #5533 sHAstEd 3

o5e A 24 59 1% 57 = pd =649 B¢ FATYRO =
of PSNR ©¢] A% A5aigled ol 43 MEYE A
H 5849 2% (Basio® 72 F 98L& AT B A o e W JREAY 2O AR
A AEg AES AgozM PSNR I AN FE A7 B SICT ATAE S4AANAY) AT7A%2 595"
FINA F dee &k v o= wo] o obd (II'TP-2015-H8501-15-1005)
F%  JRF FHE P QAL B Hase Fesdt
o O¥ 28 £19 A%E 19e @ /)9 EE HAE o]y
A% gez A¥F AdAd (h& 99 2383 v} 1 £33
Az [2]eA Ard ®We] wal 5L PSNR & €71
AalM o o wEk wEFEth) 0=50 4 ASel= (1] A Buades, B. Coll, and J.—M. Morel, “A non—local
House ©IMAE Aslus ME F71 Hojd+=E algorithm for image denoising,” CVPR, 2005, vol. 2,
PSNR o] Z&sle AF%FS & F Slth pp. 60—€5.
[2]  T. Tasdizen, “Principal neighborhood dictionaries for
nonlocal means image denoising,” /EEE Trans.,
5. é% Image processing, 2009, vol. 18, no. 12, pp. 2649—
2660.

PCA 2 283 NLM oA 298 94 Z s ZTHA [3]  C. Tomasi and R Mand”uchi, “Bilateral filtering for
gAS oj|A Ttk o Zolth. AL =48 NLM o4 2= gray and color @ages,‘ [CCK 1998, pp. 339—846.
AEro] g 2 GFGS mAL AL TERA PPS e [4] {( Dabov, A..F.Ol, V. Katkovnik, and K. Eglazarlan.,
B4 B o Irlolt. Ty EPatn, mukel A% Image de.n01s%ng t?y sparse 3D transform—domain
o] AAo] waky mutel AN GuEE AL ZQt collaborgtlve filtering,” [EEE Trans., Image
H, mulel SAH= AN Azke] 2 AY F&S UER= pmcessmgz‘2007, vol. 16, no. 8, pp. 208.0.—209.5.
Aolmg AL ore] Alzto|ghE Zo| zlo] HAe zolt} ® [5]  J. Salmon, “On tWS) parameters for den01.smg with
& oF 2xo o]z fuo AAt ALY EgA o non—local means,” [EEE Signal processing letters,
s8] PSNR = ol 4 9192 488 $al4 vl 2010 oL 17, no. 9, pp. 209272

B =Doql zhed Azt AdS EaH AZYS [6] L.I Srr.ntil, A tutorial on principal components
SYAT GEUAE B B TR 9IS T Y analysis, 2002
Hol o s oo g ot}

Lena

Cameraman

Peppers

House

PENR

PSNR

PENR

PENR

gl

~
My

i Bt " S U T H\'\]\f\.‘
=Y f*T A A L bl A 1] g M’% hof

= ' W A £ ns M Ay z fv Wl
s ‘ ﬁll V ][ J\‘.’\ \ } M w\ 4 " 0 | HN . ‘ll]l'irM\IJuvalr | 4 v \I ﬁ‘ LWM/ .\"‘]|I1I|||,|"I ’]Ul Uﬁ Jw"}l
:: ~«.A\‘.x\1: .(\ V‘l g | | “: z::

P M 'I'/\,ﬂgﬂﬁrr ’ |II i i A BB g 260

i ' ; l'"'l"‘!1 i 4 l %ns b et ) & gﬂl "
IRt | !U l qv 4 (. E'T) W A Nf \Jlli\')l‘ﬁ'lb\1 J’"-Ji u"‘i i\}h‘ 2 \Ypﬁmf-\'f\f‘%fa{ Hﬂlw\ f \J'vr'!&l‘.JﬁUq.jMIﬁ{

| ) —~'-~-—»-«z~\111 WML 1 _ms 'Ig'L‘mi o
WJ\A}W\A | g o \'ww’[,wﬂ'»wﬁ | F e “‘n}u"M“'“‘Vw,»VJ\

T f./v\l i “f \ J’.“lfﬁ | J.i

-]
=
o
=

134

B A 1L A i
" IJIMMr‘f“UM-J"" I

v |.'-'n| "ﬂ'! A I"'r' 1 - «vﬂ."i M
) H“'J L"‘ilb Wi R \ m,uf"\)‘«fw'hi}\_‘,}\_q.\w[\{m\J*V‘ :

i 40 ﬂl L] 10 hr] "o L] ?Il é o * ﬁ él o L] '4“ an (o] L]
o ] w

o=10, h=42 o=25h=84 o=50, h=156
a9 2. pd ol W& PSNR HlaEL s-7, R=13, d=6

207





