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Abstract

Recently, various kinds of digital images are used widely in our own backyards due to
the fast popularization of mobile devices with a built-in digital camera. The applications of
digital images are not limited to personal use but are spreading widely in production sites,
medical front, and security fields, etc. In actual situations, it is essentially inevitable to
completely prevent the degradation of digital images caused by superimposition of noise due
to imaging conditions and characteristics of imaging equipment, etc. Hence many researches
on noise removal have been performed, and the needs for research on noise removal are still
high in the field of digital image processing.

Impulse noise frequently corrupts digital images and causes degradation of image quality.
This noise is usually caused mainly by encoding error in analog-to-digital conversion and/or
transmission error in data transfer. Median Filter (MF) is the most basic and well-known
solution for removal of impulse noise from digital images. MF is quite effective in impulse
noise removal. However, if MF is applied to the whole image, then not only the superimposed
noise but also the noise-free original pixels of the input image are smoothed. In order to
prevent the noise-free original pixels from the degradation caused by the smoothing effect of
MF, switching-type filtering is an effective solution. In the switching-type filtering, a noise
removal filter is applied only to the pixels detected by a noise detector. A representative
switching-type filter is the switching median filter (SMF) proposed by Sun et al. SMF
consists of a noise detection part and a noise removal part. In this filter, first, the noise
detection part finds out noise-corrupted pixels based on the difference between the value of
a pixel of interest and the median of its neighboring pixel values. Next, only the detected
pixels are filtered in the noise removal part by using the conventional MF. In this way, the
noise-free original pixels and the detailed-structures in the input image are preserved well
even after the filtering. However, SMF is not very effective for removal of random-valued
impulse noise with small amplitude although it is very effective for removal of salt-and-
pepper noise. To cope with the problems described above, we propose a novel switching-type
noise removal filter which effectively removes random-valued impulse noise superimposed on
images. The proposed method consists of two main processing parts, i.e., a noise detection
part and a noise removal part. The removal of the detected noise is performed by the newly-

proposed median filter based on non-local processing which has superior detail-preservation
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capability compared to the conventional MF.

In chapter 1, an introduction of this thesis is described.

In chapter 2, the models of random valued impulse noises and conventional noise removal
methods are described. As conventional noise removal methods, MF, robust switching me-
dian filter, vector median filter, and switching vector median filter are described. Moreover,
the non-local means filter which is the basis of the proposed method is also described.

In chapter 3, impulse noise removal methods based on non-local processing for monochrome
images are described. In this chapter, non-local median filter, which introduces a non-local
processing to the conventional MF, is proposed at first. Then, the non-local median filter-
based switching-type impulse noise removal method is proposed. Furthermore an improved
non-local median filter, which is robust to the high level of corruption by introducing a new
similarity measure considering possibility of being original signal, is also proposed. The
effectiveness and validity of the proposed method are verified in a series of experiments
using natural gray-scale images.

In chapter 4, impulse noise removal methods based on non-local processing for color
images are described. Here, the methods proposed in chapter 3 are extended by treating each
pixel of the image as a vector signal in order to apply them to color image. Then, we verify
the performances of the proposed methods by comparison experiments with conventional
color impulse noise removal methods.

In chapter 5, conclusions of this thesis are described. The achievements are summarized.



AWMX CHEATBLESD—ER

x P AR S

u(x) T/ 70 OMEH LB B B 55 ¢ O i EE

Omo () 75— DG FAEBRICS T B EFE ¢ OB EH

q T VR LMEA VOV AMEREE O (RERSCA T (0 < g < 255)

P A V7OV AVEMES O FEE R

v(z) BT —EGDOHESFEBGIZB T B HEE c DEFEME (X7 MVES)

ve(x) B —EEDOMESRETGRIZB T D HE c OBEM (KROBIES)

c 7 —HHED R, G, B (c =R, G, B))

R 717 — BB DR

G 77— BHR O RS

B 717 — EiG O & BT

<, (z) JRERDEE 2 D ¢ B O EZEE

X 3% o &2l & U7 B A ek N o i &

i JR P RELIE A OD [ 3R 7 5

MMF MF (23 1T 2 7 A i o i

omr () M5 x [2H % MF O H I {#

osm () B3R 2 125 1F 5 SM D JifE

Tsnr SM 2B 1T BHEF I U &\l

ov(z) W 2 1285 VM O (R MIVER)

i* RFFEISNIZ B 2R VA DT AR ER/NE 72 5 BEDHE R 5

myvm VM (2 81T 2 J& s O i

osvM(z) = MEFEz IZBFS SVM OHEFE (RZ7 MUER)

o SVM D#EF#H T A — &

d(x) HEx LR 2T D myy X myy ORIFFEEANOBZD -2 v K
A

ONMean(7)  HIZE 2 12517 5 NMean O J14E

y M5z %l &9 2 BRI B 1T 2 3 ¢ SO

ONMean NMean (25 ) 5 HEREEADEFEDES




A T L5 0 Rk

vi

a(z, y)

Kgauss(2)
hNMean
K(x, x;)
rank®(z)
ROAD(x)
Az)
T¥\Mean

L
TFNMean

OFNMean

QFNMean
b(w,y)

e(z,y)

SNMed
ONMed

Qk

NNMed
OSNMed
JsNMed()
TsNMed
JSNMed ()
g1(x)
92(x)
g3(x)

NMean (B2 HEFE x 2 T2 70y 7 efliFZy 2hbhed b0y 7
DFALE

B (2B DT AN —F IV O4E

NMean (281 % FigfbN T A — &

B3R o & % DR x; D74

k(w, x;) 2 PRI A 2 & & D s BHOMH

Hi5% z 12851 %5 ROAD it & D E

FNMean (Z8WT 2z T L TEHEZ S5NDEA
FNMean (2813 % ERLU & W A

FNMean (28515 FER L EWMHE

3% 2 (2B 1) % FNMean D H S11f
FNMean (281} 2 BRRHEBADHERDES
FNMean (28 2 HFE z 2§57 0
D FE AN EHHE

NMed 2B 5z 2hibhed5 70y 7 eligy 2hie 3570y 70
FEHFAL

NMed (2815 70y 7 NOHEREFEFDES

3% 2 1251 %5 NMed O H 1A

NMed IZ 8 W TERHEBADES % e(x,y) DN VAT OB Z 2L ED K
FHIZNZWHEFE

NMed 125 W T HIIERH R IZ HIW 2 138 O ] 525

3% 2 (2B 1) 5 SNMed D HiJ14A

B3 2 (238 1F % SNMed DMV HfE 5

SNMed (Z 51 2 A 1fffdH L &

H3E 2 (2B 15 SNMed D AR M A5 H &S 5

SNMed DE[FE 2 (23 1F 2 #it S5 17 D ANSEMERR HE G R

SNMed D[H[FE x (235 1F %87 7] O AR R RS SR

SNMed DEFE v (251 545 FH30 Rl FiTa D AT IER H

vy eEiFEy 2 ET IOy




ZIK m}j(fﬁﬁﬁj—z) na"’ﬁ‘o)

R vii

ga(z)

xT

-

1

(
(z
¢3(x
Pu(a

(

(

(

(

<
I\

T
¢6(T
o7(x

)
)
)
)
)
)
)
ps(z)
TiNmed
Thnred

n(x)
w(z,y)

SRNMed
ORNMed ()

gk

NRNMed
5z, y)

SNVMed

ONVMed

NNVMed

SNMed D x (ZH 1) 45 DD ®ED J5 A D AN VERR RS R

B3 2 D 1 EEEICALE T 5 55
[T SRR I TE ) A VAT= A BT S
[LIESRDBWTTE F A N VAT= A BN L E
Hi3E 2z O 1 HFEAIALE S D
W3Rz 1R E, 1EELAET 53R
Wy O 1T, 1WA CAET 2
Wz D1 EEE, 1EELICAET 5
W&z D 1WETR, | WELAICAET 5%

RNMed (2513 % ERLU & W H
RNMed 25135 TR U &\ #
RNMed iZBWT 2 2 L THEZ 6N 5 EMA
RNMed iZB 3 HFZE 2 2hibh T 570y 7 &
570y 7 OEMEEFELE

RNMed (285 70y JNOEEZERSDES
5% x (2817 5 RNMed D H

RNMed (28 W THERHEHADE T % w(z,y) VNS WIELIET
BA7-eZDEFHITNI VEFE

RNMed (23 W\ T HEFHRIR 2 W 2 3 O i R

NVMed IZB 2 HE z 2T 70y 7 EHEy 2Hhe
%70y 7 OIEELE

NVMed 2B % 70y 7 NOEERSDES

3% 2 (2515 NVMed O HSIE (RT NVES)

NVMed (28 W THREIHADE T % §(z,y) NS WIEALE T
B2z &0 EFEHITNS VEFE

NVMed @ g¥ DEBIZEITERT MIVA DT VENRNE 725
TH] 5%

NVMed (25T HAEFHHERFIZHN S

3%y Z e

IE] 5 OD [ 38 4K




AKX T S50 HK viii

2bRG () SNVMed (Z i\ 5 RGB B [MEi D RG B 4)

20B(g) SNVMed IZ fil\» 3 RGB B4 HE§D B K4

Z4BR () SNVMed (Z % RGB 4> [EEi £ D BR K5

t SNVMed D D & U [H151

olcyaed () SNV Med 0 ¢ [ FALBEE 412 3513 B B o DHUIE (X2 R IL{ES)

Ogxvaed (7) SNVMed O ¢ [0] H ALFESE I 35 13 B i sE o D ¢ 54 D il

d RGB @/ E72 7 B DR (¢ = (RG, GB,BR))

w'(x) SNVMed @ ¢ [a| HALEIZ B 17 5 Ej3E o O IR HAS R

b (z) SNVMed O ¢ [ H AL 3513 5 38 o e S5 1 0 A7 HERR H i 5

w5 (x) SNVMed O ¢ [] HALERIZ 35 1F % W5 & OB 100D AR 37 e H i

e (x) SNVMed @ ¢ [a] HALFRIZ 51F B W38 = DA KD Rt F DR
PERR A R

ke (x) SNVMed @ ¢ [0l HALFIZ 5 1) B Hi3E = D4 LAY R H DR
PERR A R

oo (z) SNVMed @ ¢ [0 HAUFLIZ 5 1F B EFE = O 1 B MBS 2
FD By

o5 () SNVMed O ¢ [i] HALEIZ 51 B E 3 z 0 1 B3 FIZALE S 2
EJONl %)

oL () SNVMed ® ¢ [a] HALEIZ 51F 5 B3 o 0 1 B/ AE S 2
FOD B

¢+ (z) SNVMed O ¢ [0 FALELIZ 351 2 W3 o O 1 345 ALE $ 2
EJONA %oy

o4 () SNVMed O ¢ [a B $51) B ¢ 0 1 B L, | EHEL
ALE T DEZFED ¢ R

oo (z) SNVMed @ ¢ [a] HALFZ $1) B3 ¢ O 1 B R, 1 E5EAIC
AES DHEHZRD ¢ ED

ob () SNVMed O ¢ [6] HQEIZ 51T B W5k z © 1 Wi5E L, 1 WA

fLE S HERD ¢ R




ZIK Hifﬁﬁﬁj—é na"’ﬁ‘o)

R ix

¢5° (z)

0.

MSE (0., 0m0)

SST Mo (0., 6imo)
LSSTMyo(0-(7), O ()

MSEC01(0'7 000)
MSE(of, 0%,)

SSIMcol(O~7 900)
SSIM®(0%(x), 05, (x))

SNVMed O ¢ [a] HALBEIZ
NS B EFED ¢ KoY
JUREE =P NE S
T/ 7 0BT T B R O & AP R 0. D MSE
T/ 7 B EGIZ T D FEE O & RS R E R 0. D SSIM
T/ 7 B EBIZET D EER O, & SRR 0. DEIFE 2 12
B 5 HAT SSIM

— RIS D SR O & LBERE R 0. D MSE

— BRI T2 U R O & LERAE T R 0. D MSE O ¢

BIIAHEZE 2D 1HEZET, 1 HELIZ

]
JE]

B¥)
BRI 2 AR O & JLBERE R

2] % 0. @ SSIM
BN 9 B R E R O & ALPHRE R

— [
— [Hj £ 0. ® SSIM @ ¢

JE]
]

B¥)




AKX T S50 HK



B X

MXEE

Abstract

FmX THEAT HLSD—ER

B1=E

B2E
2.1
2.2
2.3

24

BIE
3.1
3.2
3.3

P&

A VI AMMEZOETILEREDOMSHBREFE

2.3.1
23.2
2.3.3
234

Median Filter (MF) . . . . . .. ... .
Switching Median Filter (SM) . . . . . . . ... ... ... ... ...
Vector Median Filter (VM) . . . . ... ... ... ... ... ..
Robust Switching Vector Median Filter (SVM) . . . . ... ... ..

R I D SHESPRETIE . . . ..

24.1
2.4.2

Non-local Means Filter (NMean) . . . .. ... ... ... ... ...

Fuzzy weighted non-local means filter (FNMean) . . . . ... .. ..

EBAANIBICE DK B/ 7 O0BBDA /8L AMHMSIRE

=T
Non-local Median Filter (NMed) . . . . . ... ... ... ... ... ....
AR EE D K SR AR 2 i A 72 A1 v F 8! Non-local Median Filter . . . .
331 AMVEEREER ..
3.3.2 MSZMERMRHEAR ..o
3.3.3 Switching Non-local Median Filter (SNMed) . . . . . . ... ... ..

X1

iii

10
10
10
11



HiX

3.4
3.5

3.6

B4z
4.1
4.2
4.3

4.4

4.5

BHE

El

Z3E Xk

ROAD e8Iz DO < EHA %2 EJE L 7= Robust Non-local Median Filter . . .

FEBRTER . .
3.5.1  EERYEMR . .
352 E/7UDTFANEMBIZEAFER ...
=
ERBAREBICE DL AT —BEIRD A /8L AMEMERE

1=
Non-local Vector Median Filter (NVMed) . . .. ... ... ... ... ...
BRIZIE D < MEE ISR & 4 A 72 A1 v F 1 Non-local Vector Median Filter
431 AT —HRERMSAPERREER .. L
4.3.2 Switching Non-local Vector Median Filter (SNVMed) . .. ... ..
FEBSSEBR . . o
441 EBREMG ...
442 A7 —DOFAMEBIZEDER ...
443 NIT—OHEEBIZIBER . ..
=T
T m

xii

25
25
26
34

39
39
39
40
40
43
44
44
46
o4
95

67

69

70



B1E Fim

A, FHERFTLBIZED S A VOV A EREZICET 26D THD. £9, £/
EHIZBIT DA VSV AMMEE 2 NRE UIERFIAT 4 7V 71 VROV THERR S, R
&, FHERIAT AT V74 NVATHRETIMERERRET T —FIZHEIWTHR L
DOFIRIZDOVWTHRRS. ZD%, TNETNOFELEE AT —EHBIZHLE L 2 FERIZ OV TR
R3%.

9K ETIZ, BIET7 VALK BIERIGZRH L TR T 27 Fa 70 A T KRE
fbL7zZ&ick b, BEEFM LDHERED 2> TWo 7z, 2000 fEEIZ /KD T F 1
JHEAELFRRZY, TAVRNVT—REUTEHGEIET 2T« VRVAATOELIZLD,
SHTRT 4 VRNVEEN RNZEDER>TWS., T4 VRIVEERY, gz T 1Y
ANVTF =R TCHRBUEEDET 1 VRIVHEBE N, Fq Y RIVHEBRIET VR =%y hDYE
B HIZARIIEE>TWD., 5L, IEFEERLUTVWEAK T4 AT LA IZHEWTIE, H
BUEIZ X 2 F 4 V ZOVEBDESEANEENT WS, RETIE, EFEEE, HRI X7,

BN A TR CIRRWABTIZBEWT, F1 Y ZOVEBMEZ IS U =R R AT
ncTcng -

BUIRBEESD 7 Fu 2 BEHIE, WEHIZL Y XX DI ANZHE T 1 )L L% 0B
AP ERA L CHEGZGRT D, —7, T« VXVEETIEETS, L v X &
DILD AN HEA A=V VT EIREN BRI L VELRESICERmT 5. Z0®k, 77
07 DESXEFE TV T VLo THIEL, T4 VXNME (F—X) ~E#L, 207 —%
EEFEUACHET S, T VRIVEKIZT IO/ BEEE IZELD, BELIFIEN S EHDOE
BIZE o THiBERR L TWS, —RIIZ, £/ 27005 1 VXV, 1HEZED 0~255
D 256 BEFROME (EFEE) 25> TH D, WGz RRT DEUTIEE (0)~H (255) D TR
ENTWD., 17 —HRDE ERIZHR, %, HO=20MEsOE L -TED, &
@&ﬁ@ﬁ&Abﬁc;DTﬂwééﬁﬁﬁéa

T4 Y ROVHERIE, G ORHEPERGIREC LY, MEOEELAAMTHL. T4V
ZOVEGIZEIE T 2 — MR T AR & A VoSOV ARG Y B T AVEHE



1

#51 % [ 2

p={!

X, T4 VXIVEGIREDERETT) 7V SICHEM SN RET D CHBICEST S,
T MM L, EEBASERIZERL, DERHITASTHICHKS. 1 VOV AVEMESE, EGD

—IIHERINCRET D, A AV AMMEORAEERE LT, K07 Fu /G552 7«
D ZMEANEWRT DO ELERD P, F— REAROERBIRD BB T 55, 12500
AMHEZ DR TH, EL0 L 255 2 E, MIEIZ/NIWEDS U IEKEWED 2 FEEHOME L H
RV DE TEIEA VOV AMHEE VW, BB T VXL THDIEDE T VX LMEA VL
AVEHEF &N DL MEFRETIEOFICE, AU RS AR TEE0E, 1 VLA
MEEZARET2HD, LT, AVAMMEL A VOV AMMEDRAMSZARE L
LOWH L. £z, AU AMHESOHTE, AU ARHOETIEWVMEEZ B OHEE, 1
FOVAMEHMEE D X S ITIRIEN R ELS 2D, AU AMMSTOREFIELD &1 VOV AMHEYE
REFIEIC L > TS 2 ADNRITH 256055, RiixLTIE, 7YX LEDA v o8
VAMHEDREZHINE T 5.

70 ZMEHEE DFEARNRREEE UC, WERERE (FHEE) Z2hh e 3 2R
WOSFfEZ M ST B FMET « VZ DB D, UL, 12OV AT X, Ao AN
HEIFERY, REPREVHESVZ V2D, FEEHET 1 VR D KD RERE T 1 L RIZHD
WL T, FRHEEIRET 22N TERY. 22T, 1 VOV AMMEEOREIICIE,
NEF AR RE 7 « )V X D —FETdH S Median Filter (MF)! 2\ 2 Z & A3 FAM 22 6Lk ©
H5. MF &, AHEZHEZ PO T 2FRAMEKRAOEZED FRl (FIEE O R 72 & S
RIZALE S BE) ZUBRERERE LCHNT 5. OB EEGE2ARICHET Z 8T, HEE
PRETS. L2L, MFIRBEGESICEFRLEZML TU £ 5720, WEEZRDEGRSRRIIZR
TREBIZRD WO BN D S, HEFREMIIZ X 2 FEESOHE T, EEND
MEVEBLULERZZMA L, MBI NZEZEOAMIMIE LT A1 v FRHAEIEYTH
52 ENHISGNTWS. MF &2 A1 v FRULHEIZHEE U727 1 )L & & L T Switching Median
Filter (SM)?2 4% 5. SM Tld, FEFLHEORIEDENIHEOE, HFOMHE1TS. SM
F, TEEA VOV AMHEE IO U TEN SR EMRE R R A, T UK LMEA VNV A
PEHES DRRFIZB VT, /IMRIEDHES DI IR UMFEET 5. SMIZIRST, HZREDH
Bcld, MEEPRENEGE &GS ORGSO M A EELRETH 5.

ZOBBIIN LT, AU AMMSIRED B CIOEE, MERFEOEVHSIREL LT,
FERFTEYAME 7 1 )V & (Non-local Means Filter: NMean)32 23 EH I T W 5. FEEATALEE
L3, HHEFEEZ PO L UZRAEIRAN O EZED AR5, & HEZED S M 72 L 0 %
DIEHE AW E G T, ERFTEET « V2T, SEERE2PLE T SEFER (7



=
-
=
L

S 4o

"5

/ ﬁ% DAV AEHERETFELFRHANECEICFE \

[zt ERETE |
( & E/HOEE XK 737—371%
M d Filt = Vector Median Fllter
ectan et *Robust Switching
k SW1tch1ng Median Filter Vector Median Filter J

FRFREICEIHEREFE

*Non-local Means Filter

\ *Fuzzy Weighted Non-local Means Filter j

ERFRIEERS ERFRELRS
F3E \hs—iize [ F4E
ERFTNBICESCE/VOEEZD ERFRNIBIZEDSHS—EEBD «
AUNIVAEHEREFE ) ANV AERBEREFE

$5E
o

B 1.1: ARG SCDRE K
Fig.1.1: Framework of the thesis.

Oy 7)) foa—20y FEE#EZIEFELCE & UTHY, JEBREICE D WZEAN E TS %
O35, 20, ZHERZZFLLE T2 70y 7 EEPEITWE T H Yy 7 DHHEIZ
SHIEIZ R NSRS, 2L, ko , FHET7 4 VR D K S RiRIE T 1 L
ZTlE, A VOV AMEHES DR R INEETH 5.

Z 2 TR T, FERFTMELZ AT« 70 7 4 VRIGHT 52 T, MFWREMECMHE
ERAFIED W 5 IZEN - FEORFEZ BN E §56. AfXid, M1LLIZRT LI, 2D
HEHPOSHERIND.

B1IRBIFWTH 5.

B2ETIE, JYXLMEA VSV AMMEDE T IV EHEROHEEREFIEICDOWTHIAT
5. [ERDMERETHRLE LT, B/ 7n@ifzfe L MF, SM &, T0o%2 77—k
i U 72 7% Vector Median Filter (VM),¢ Robust Switching Vector Median Filter (SVM)37
WZDOWTCEIHT 5. 5610, RIREFEOR L 25 IFF/ATAEIZED < NMean 122\ T



1

#51 % [ 4

p={!

T 5.

BIETIE, B/ 7uEBENGE UZIERATLEIZIED < 1 VOV AMMES TR BT
DWTIHRAR S, KFXTIE, £, ERFWAIEE A 200 ZMWHEE OBREICIGH U 72 3ER Al
AT 4T V74 IVRERET S, NMean Tlf, SHEZEZTOETE 70y 7 LREENIT
Wb 7uy 7 OEFZIFERIMECKI NPTV, LER->T, ERFAT AT 710 &
b, 70y 7ORENMUIT VR EFRIFEEIMEICKREI NPT 2D XD ICKET 5. 7272
U, A Y7V ZMEHES T AMHES (IZHART, FESEDOENKRELIRIPT VWD, 7
0y ZEOFELMEEZIEL K FHIICERWGEDRH L. TORE, ALIFLTVRVEEE H
THEC KL, FREGCIERVESE (7—F7 72 ) 2REIETCLES. 22T, K
XTIE, ERAAT 4771V EZOMBEREHS ML, BiRdT7 7a—F 7T, ZOME
ERELIZAAYFUTRBIAAT ATV 74 VR EBAMEEUEZH IR AT «
TYTANRD_DRRETSH. AAyFUIHBIHAT 4727 1)V, MR
EANNEMRIE R D — D DMEE IR IZ & o THGAOHME 2R L, RS M E DA
FHRAT 4 T2 7 4 VR A S, IR, RSXATHZICRET 24D
AR D WM EHEZEDOREBRTH S, 1 VOV AMHES X, TOREMRIME VG EIZ
BWTE, MVEZREIZRDPTWI ehs, MVEREZRETDZETT VAN S %
MHETE S, VERHEEREZ, ATV FUTAT o774V XIZHVSNT WD HES R
WMEIERFAT ATV 74 NVRIZRHUEZLDOTH S, EAMSEIFBHAT 47V 7 14V K
E, HEEAHERAEUC K OWT T uy JNOERIZEAMIFT ST, Tuy ZEOBELIE
DFHIHIE Z [ EXEIBAHAT 4 T 74V R THD. MR e 1, &z
Ho LI Z2HBAERICRHEiS 2B TH S, mBRIZ, METFTHREMKDOE / 70z g e
Utz A VOV ZAVEMEE FRE TR DIIRFERRIZ L D, BRETFHROANMN 2GS 5.

BAETE, A7 —EGENRE UIERFLEIZEED < 1 OV ZAMMEEIRETFIRICD
WTHRR S, 9, FIECTRELAEE/ 70l ENRE UARETE GERAAT 7
VIANRERL Y FRIIE[RAT ATV 74 NVR) &, THENL T —HifzNHE LT
FENCHR U FEEZ2RET S, 77 —BHEOKEZEEZ RGB D 35485~ bIUE
FEUTH/D 28T, REFEEN T —EHENEERT D, 205K, BEFRLIECKON T —
MR ZENRE Uizt VoSOV AR R E TR ORFEEBRIZ L 0, SRETIEOERNEZ K
HIRERESN

BHERIIERTHD. AMRORRERIET .



2T A VNI AEMBOETIVEREEDH
BEREFE

2.1 =

T4 D ZOVIEBIIIHEE DRAEDARIRETH 0, HEORAETEEEZ KE<HLIESE. K
BT, AR THRET A VSV AMMEORBE ZOMEET VIZOWTHIAL, #
KD A OV AVEMEE DIRETIRIZOWTEIT S, £/, H3E, HA4ETRETLITFE
DEAE L 70 2 BRI E D CHEEREFIRICOWT L HIHT 5.

22T, 1YV AMMETORME T OMEETIVIZOWTHIT 5. 23T, €
J 7 OO A VIV A ERE D FE AN 2 FHETH D Median Filter (MF)! &, T. Sun
SIZ& o TREI N/ MF DAL v FEIFETH 5 Switching Median Filter (SM)? & ZH
5% AT —HBEENRE U FEAER LU ZFHEICOWTHHET 5. 24 8T, FERFTLEL
(2% < Non-local Means Filter (NMean)3? & Z1 &K L7z FiETH % Fuzzy Weighted
Non-local Means Filter (FNMean)?8 (2 DWW CatlHd 5.

2.2 AVNIAMMEZEETIL

A VOV AERES L, REMEDN T VX LBHETHY, BEROT IS EEETYUXR
IVEANZ T DD TFEALER D X, 7 — REEREOILERIR D T X > TRET D, AV A5
U7z CHGERKRIZEE T 24T A L3RR, HHEAD T v X LIALE IR E
U, IREVRKEVHEELZ V. Lo T, BHBEATHY SR T, HEDORZHZ KE L
FALZIETUES. 1 VOV AMMEE L, BT 1 VR TORELVRETH Y, BT 1V
RILEH>TRET DN MINTHD. £/, HOAMMEESORTH, RIENKES WHES
A VA ERFEOEEE S O,

A VOOV AMEHEZIZIE, AT 0 & 255 72 &, TN WES U IEKEWED 2 O
ELUPRWEDE, ERT VY RLATHI2EDNRHD, TNOHEZNETNT ZIEA VLA
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M, SURNMEA VNIV AMEMEE 2 NS, KIS TR T VX LMEA VOV AMEMES % 0 4
933,
TV RLEA VOV AEMEE DN RE LT 70§ () IZAFORTETF VI NG 12,

Omo(x) with probability 100 — p [%
u(z) = o() <8 2.1)

q with probability p [%]
B ZRALE, Omo(-) T/ 70 DHHEE, ¢ 3METOMHE, pld1 2OV AMHMEE DR AR
Thd. HEHEqlk, FHEHGOBEBZMEAS Ly b (256 BiH) TREINZE/ 7 0EEDY
075 255 D—HAHTHEAONEBDET S,
—ERIEAR (R), #% (G), 5 (B) D3EALSBEINTE D, AR THRET ST
VR LEA VSV AMHEE E T —HBRDERFIIHETH DT 5.
A VIOV AMMES DIRE L2 h T — R D ¢ K5 v°() 1A FORTE T IV E NG 42,

0¢ (x) with probability 100 — p/3 [%
() = () /31 ]. 22)

q with probability p/3 [%]
Omo(+) 13777 —DHEBRD c 3 THY, ce{R, G, B} &35, Db, 77 —EHEREKD
A VNV IS DFRERERD p DGE, BRI BE LT p/3[% | DMEVPRETHZ L
LiR5.

2.3 A VNI AMEEBRETE

A VNNV ARHEEORTERIRIEDO S DIE, BN D720IZ, 7Y XIVEBROD R 7 H % i
IHSEDERNE L. EERBPHGHETONTIZE VTS ZOMREZIE TS ¥ 2 ER
5. UkhioT, MYIR0EZ VT VOV AMMS 2RET L2 EE LWV, Z
T, B/ 70l ge Uzt YOV AMHMESBRE T L UC, Median Filter (MF)!
& Switching Median Filter (SM)? (2D WTHIHY 5. FMkIZ, 7T —BE{ENRL Uiz A
YOV AMHEE R EFE L UC, Vector Median Filter (VM)3¢ & Robust Switching Vector
Median Filter(SVM)3" iIZDWTHHHT 5.
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B 2.1: €/ 7 OGO T KEMA 2oV ZAWMEE IS S MF, SMIZ & 2HEREN (a) i
Bifg, (b) ADEUR, (c) MF 2 & 2MSHREME, () SMIT & 3 M IREGER.
Fig.2.1: Example of noise removal by MF and SM for salt-and-pepper noise on monochrome

image: (a) original image, (b) input image, (c¢) output of MF, (d) output of SM.

B 2.2: £/ ZBEBEDT VX LMEA VOV AMEHEZITN T S ME, SM 2 X 2HEREN (a)
JFE B, (b) ATEI, (c) MFIZ & MG FRERIR, (d) SMIT & DM FRERR.

Fig.2.2: Example of noise removal by MF and SM for random-valued impulse noiseon
monochrome image: (a) original image, (b) input image, (c¢) output of MF, (d) output of

SM.
2.3.1 Median Filter (MF)

MF (%, 1971 42 J. Turkey 52 & > TIRESINAZFILT, FAHEIKICE T 2 HFEED H
Rl SITE 74 NRTHS L. T4V RITHARS L, YIKD Ty UXMEDEH %
25 2 bEIT O T LN TES.

I R EE (BEHEE) OMEZ 2 2L, o208 T 5 myp x myr OISR O
i BHOWEMEE 2;(i=1, - ,mip) & UEEE, 2128135 MF OHAE ovp(z) EAT
DATRINS.

ovr(z) = med [u(a;l), ceu(m,,e )] (2.3)

myp
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2T, u() 3T/ 7 0DMSREBBOBERE LR LTED, med] iFAEFHDHAAHE
EFHNTHEBTHD. X2.1(a) ITTEHA VOV AMEHEG SRE U2 (X 2.1(b)) 2
9% MF OMBRER 2B 2.1(c) 1ZRS. FRRIZ, B2.2(a) 127 VX LMEA 2700 ZAMHEE
PFEE U 7z iR 2.2(b) (209 %5 MF OMELRE R 2 X 2.2(c) 1I25R39. K 2.1(c), X 2.2(c)
O, REPRITYVIMMFTETCWEY, WHEOHBREDHEHLRTTLESTWDH I LD D
5. Fiz, ROBMKZEDEENFNTLE->TWE I edbhb. 1 VOV AMHEY %
BRET 255G, AT PMEOMNEMHT 572010, HEFICOAUBEET I 2 AEE L.

2.3.2 Switching Median Filter (SM)

SM %, 199442 T. Sun 52 & > TREIN/ZTIET, HEFTHREIIC X > THST OFRERM
BEMHL, HEOREMBIZOAI MFUEEET 71 VX ThHD 2. HESHRHBETHRHX
N7ZHEE I OAMB A ES SM (%, EEEEICUBE EST MF (2N, FEEREERICEN
-FiETH 5.

HHEEONMEZ v & UgE, o285 SM OHIMHE ogy(2) EPATORNTRINS.

u(x ovr(z) — u(x)| < T
osaa (@) = () omr(z) —u(z)] < SMC (2.4)

omr(z) otherwise

ZZT, oyr(z) 3 xi2B5 MF OHAMETH 5. X 2.1(a) I T KA 2oL AMEHERS HIFE
AU A (2.1(b)) (29 % SM DMK R Z X 2.1(d) 1IZ5R9. FRRIZ, B2.2(a) 27
Y E LA OV AMERES SR A U 7 iR (X 2.2(b)) (2S5 SM D ALBERE R & X 2.2(d)
RS, M2.1(d) 275 &, MF OHDGER (B2.1(c) ITHAT, fiORTBIA 50T
WBZEeNbND. —J, K22d) 2R L, AlREDFEHTIZENT, HEFOHDEL A
Rond. SM i, ZEEA Y/ OVAMERS ORZICIZEN MR Z R TDS, TV X LEA v
POV AMEREE DIRFIZEWTE, MEEMOERIHEY DS, £z, ROBRERIIZENT
1, MFIZHART, EEDOMOBIIHI I NT WS, ZOMREIZ+7 L IEE 280,

2.3.3 Vector Median Filter (VM)

—HRENRE UHEREZITO0A, B/ 70lifRedge LERETE:
7 —HRDOZRIIIN UTHES Z & THEVRES NN G2/ eNTEDL. L
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(
2.3: BFNFEEDH] (a) JEIE, (b) AJTEIE, (c) BB MFIZ X SMERERE, (d)
VM IZ & B HEEFRERER.

Fig.2.3: Example of color shift occurs: (a) original image, (b) input image, (¢) output of

component MF, (d) output of VM.

, R T LR REL 72356, T NS IFENSFEESICIEENaEREIETLUED
Band s, M2312, BThOBlZRY. [2.3(a)~(c) EZNTN, FEig, X2.3(a) 24
AP U2 HiE, X 2.3(b) DB MF % i L 72 RO W54 KEiGTH 5. X 2.3(c)
3, MEFERETESTWED, HOREOBERRMZ, K (2.3(a) (CEENEAFREE
LTLEH->TWAZ dbnd., NIz, CCREDATHBGEEZRE, 77 —H{EIZRGB
R EOMENE . Udd> T, 77 —HfENFICEHGURZTS 56, 77 —HED
BHHFEEZ I DODMEEL ORI PEZEUTHEI ZEREE L.

MF %7 7 — W% % UTHER L2 FIEE LT, VM AdH 5 36, VM %, 1990 2
J. Astola 5IZ & > TREINZTFTIKRT, RFFEBADORY MUVESDRT MILAT 47 VH
(=2 Uy FZEERIZBITSHHME) 2HI1T5714V2THS.

—HBRIZE T EHHFZEDAME v DEFEZ v(r) = {v°(z) |R,Gor B} &35 &, VM
DSl oym () AT ORTRINS.

OVM(ZE) = ’U(:Iji*), (2.5)

i* = arg min Z [lv(x;) — v(xj)||. (2.6)
ie{1, ,mZ\} j=1

i \EHBEZE 2 20 2T 5 myy X myy ORFIEIEAO i FHOBRAMEZ RS, ||| &

L2/ )VATH5. K2.3(d) 2, K2.3(b) I VM 21 U 72 B DAL KEfRZ RS, VMO
HODE G (4 2.3(d) &k Bl MF O #0E& (42.3(c) (2, @rfnsmiishn
520 ns. UL, Kl (X23(a) (IZHART, 2EMIZEES AT TLE>TW
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5. MF ERBRIZ, A1y FRMHZH WS Z T, MEREEROM EXHATE 5.

2.3.4 Robust Switching Vector Median Filter (SVM)

SVM %, VM OREERAFERED A B & HIFIZ, 2008 4E12 M. E. Celebi 512 & » THREX
NN T —HEDA VOV AMRSRETIETH Y, BFEEBROEZRLtO1—-21) v R
PREE 2 W MBS R B 2 A 72 A v FRIT 4 VX TH B 37, SM & [FRRIC, M 2 HEx
NBEFEDANHEEET 720, FESOFRAEZMEITE 5. MERELEIZIE, VMO
HOEEHWS

HEMH AT A =R a ZHWT, ZHEE 212815 SVM O HIHE osym EAFTORT
HIND.

osvm(z) = v() d(z) < amed [d(m)’ o ’d(wm%/M)] ’ (2.7)

ovMm(z) otherwise

Z lv(z) — v(zy)] (2.8)
MEEMRIH AN T XA =2 o Z2/NE K725 1F 8, BMIIZHS ZBRETES. ||][1&, L2 /VAT

bH5.

2.4 JERFUBICED K HMBREFE

FER AT L, Non-local Means Filter (NMean) 22 X N TELK, BR4 R R TR
FEINTWS 1335, NMean (&, H7AMHSZ2 AR L UBEREECEN-FHEE LT
HEHINTEY, TOXRBEFEL AV AMMEEZWSIRE LzbDAL W, —F, 1NV A
PEMEE 2R E UIERATBEICE D CMERERTERRIFEAERVWEERXS. ZITRHE,
NMean &, 779 AMHEE & A 27OV AVHEE OIRGHEE %2 52 NMean % R U 7z Fuzzy
Weighted Non-local Means Filter (FNMean) (2 DWTaEiHS 5.

2.4.1 Non-local Means Filter (NMean)

NMean (¥, 2005 FiZ A. Buades 512 &> TIREINZFETH O, FEF/ITLEE WD H
ez EAR UTHEE S5 %2, JERATLEL, 35 HEEE LD RN O & 72 5
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R CALE AN TV B EEOEHZ H A\ 5. NMean T, MEEDMUL TV 5 [FATHHE
i (7ay2) ALodunEZEOEBEMIILTWS ] 2IEL T, BEENOEEEEN T\ T
b, 70y ZHOEERLTWSEE, 070y 7OhbEzE2 HDBERICKMmT 5. B
I, EHEZEZHMLE TS0y (EH7vv ) &, EHEA»SIEL EHD
Juvys (BRT7uvy) o7uy JEOEMEEE IOy ZORLNEFEDOEAL LT, £
noDEAM EEHEE LT 5.

EHEHEZE z 2708 T2 manean X MNMean P IE 17 FHI % PERIEIE Onvican & U, FEZRFHIL
NDMHEFER y & L7z& &, NMean D H SIME onvean 1ZEATDRTEEINS.

1
ONMean(w) = Z (I(LII, y)u(y)v (29)
Z:’JEQNMean CL(J:, y) YEQNMean
ST Ky (7) () — u(y)|?
a(z,9) = exp | - - (2.10)
"N Mean

ZZT, z WEHEZE z 208 T 5 maMean X MNMean P AFTHEIE (ZEH 7By 27) AD
HFETH D, y IEREBNCB T 2EHBERZRDADEZE (BIREZER) THD, y; TSEEZHE
y 2D T EEAER (BR70y2) NOWEEZETHL. i 3£ 70y 2NIZEI 2 HER
BEELTED, i= (1, miyy,) CH5. u-) BAHNBEREOEMEMEFT. o) 1
A AT — 2N R RS

H

2.4.2 Fuzzy weighted non-local means filter (FNMean)

FNMean I, -« >V AMHES 2T 5 720 Ot & 434 @~ TdH % Rank-ordered
Absolute Distances (ROAD) ¥iatf 42 &, AU AMMZTOBRETEE TENMEREEZRT
NMean ZiflABHEL Z LT, 1 VOV AMMES &0 AMMES ORGHES 2 R & U7k
EMREFETH S 2. NMean 13477 AMMS OIREKIIIREBEN - EREZ RS, 72720, 7
0y 7 WIZIREARE WS DVPEREEND5EG, 70y 7EOFLEORENEL KT
LU, HRENF U< HLT 5. ZOFEIZHL J. Wu 51%, NMean % iR U 7z Fuzzy Weighted
Non-local Means Filter (FNMean) % 2014 FIZ$2% L TW%. FNMean Ti&, NMean 2
ROAD #iFIRIZHE DK EAZBATL I LT, 70y JHNTHENPKE K B2 5 MHE I ZFLE
Bz S WE S IZEEFE N T WS, ROAD it &id, FESOHEMEA WS, AN
B2 O EHE, SEHIADOHSTO LI ZEEMNIZEKRT I ENTES.
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ROAD #{FH & TI%, AHEE L ZDORUEEDAEZHAWT, SHEROME S LI 251
5. FHEFEz 2HhLE U5 x5 DIEAHBADOGESZ z;(i = (1,---,25)) & LA,
EHHEZER ¢ & Z ORISR z; D% k(x,z;) A TOATRINS.

Kz, x) = |u(x) — ulxg)|. (2.11)

ROAD % &3 2 BRO RIS O BRI T HORRL ENEZ SN 5H D, —MIIziE, BiEz
5L LTRDSNDZ &HAE <, FNMean THAMEILS CHREINTWS. KD k(z, x;) 257
Mz O Z 728 &, EBHINSWEE rank®(x) L5 L, D ROAD #i5t& ROAD(x)
A RO TRINS.

ROAD(z Z rank? (x (2.12)

FNMean TlZ, ROAD it DA K E VWS ICIIHEZT TH A L HEL, EAZ/NILT S
ZeT, MENREELU-HZR2FLUEORICKM LA WESICEAZZEH TS, 2L
THEZONBEHA ANz) 1F, ROAD(z) EHHWTU FORTEEI NG,

0 ROAD($) > TFI:INI\'Iean
_ ) T8 \ean—ROAD(z)
A(ZE) B ;Fll‘ill\ll\iieaniT%NI\/lean TI}‘—INI\/IGB‘H Z ROAD(:E) 2 T%NMean ' (213)
1 ROAD(z) < Ty tean

T vteans Tinvenn V&0 TNVENIERBLRFD EFRLU & W E, FIRLUEWETH . Hi ki

Tintean ZEEBDOT Y VD ERMEL EIZ, Tiyea, ZEES EHEOEUTICHET
ZIENTENR, MG LEES2RECINETIIENTES. \z) R WS THNIE
fEAS0IZIEL 2 0, FEBTHE LIEL 2%, D% 0, BHA Nz REES5LX2RT.
HHEZ z 20 & U7z mpNnMean X MENMean P 1E 17 HHIR & FEZREIE Qrnniean & U, HRERGH
BANDOES% y & UGE, EHEE 2 281 % FNMean O H 7 opnwvean 1A FD X THRD
LNb.

1
OFNMean (%) = S o () Z b(x,y)u(y), (2.14)

yEQFNMean

MENMean T v lule:) — wlus 9
b(x,y) = Aly)exp (23]1 Kganss (1) M) A(y;) |ulws) — uly)| )

3 (2.15)
FN Mean
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i X %EP/E\}:’J‘%) MFNMean X MFNMean O)%E 7D V4 7W@@§’C§)5
FyzhLrT220T70y IJNOEFZETHS. i F{ET0Y IHNICE

TZT, x 3EHE
Hj
M Mean) TH D, u(-) FATEFEDBEFEMEZ KT

FIRELZ, Ui e T
JOEFEFSERLTED, i = (1, -
Koanss () EA T AT =2V % £ T



ot

EE

25 A NV AMEMEE D E TV EHEROMEE R E TR

14



F3E FE/AUEBICEDCE/ 7O0BEKDA
VN AEHERE

3.1 =

AREETIE, MEEREVERE GO HIcEBN - TFHEOREEZHN L 5. £7, I
JEFALER & MF % #lon& 1 72 Non-local Median Filter(NMed)32 (2D WTHHT 5. X,
NMed DHRE & MEAZHS 22T 5. NMed DRBEFEE LT, 770 —FDRRE D
DFFEIZOVTCHIFAT S, AETIE, T/ Z70@iRzugeT5.

3.2 ficl, FEEAMIEE MF IZIGH U7 NMed IZDWTHHT 5. NMed i, $#EFiE
DHTIRLIEANZFIETH L. 33HTIE, MEREISRZHVLAA Yy FRILIIZEDOWT
NMed % & U 7= Switching Non-local Median Filter (SNMed)3 IZ DWW CaHHS 5. 3.4 i
Ti%, ROAD #iat& 43 & i\ 7z AN E FLE % FH\W T NMed % 8K U 7z Robust Non-local
Median Filter (RNMed) (Z2\WTHHT 5. 3.5Mii%, HWRFEBRTH D, IR TIE, £2
HEFEERTERE ORERIC LV REFEOAMMEZHS TS, 368iTIE, AR
WiGd 5.

3.2 Non-local Median Filter (NMed)

NMed 1%, HHERMAED EWT T A ERETE L LTSN TW S NMean DIt
WELZIEH U, 2O %2 MFIZIGH U2 FETH L. MF 1, KR & 2 O F R I3
TWEEWIREIZEDWEZFETHS. 2F 0, BArEBHNOERE HW TR Z4T 5 F
kThsd. MF FHEBERAOWIHTH L0, HENDOREEZZRL THhaw., —%, JEH
FTALERIE, &SR Z dl & 2 R A SR OO K O BN 2 A1 L, M8 YL U 72 J3 i dk
A LOFLNEZ I TNDE L WHIIREIZEDOWZFETH D, 2F 0, SHEEZPLE L
7 RATISN O 72 1 Tld e <, MEVHNZEZEDOEHRE HWTUHEZITS FIETH 5.
ZONIIE, RFESOMELEE BR L FIETH Y, MERAEREDM BRI TE .

15
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SHRER y(= y13)
1

---------- SWRIAvY

"iNMed ) EBER x(= xq3)
[ 7] Vd ) AY

X1 Xp X3 X4 X3
Xe X7 Xg X9 X19
%11 %12 (8K X14 X15
X16 X17 X18 X19 X20
X21X22X23%X24 X25
EB70vY

REREE

B 3.1: NMed T 9 2155
Fig.3.1: Signals used in NMed.

FER AT ALEIZ B0 < NMean D EEZ 51, WEEDEEL U 72 7 S o v 32 % ) fE
DFFEIZHNWTWSZ e THD. Lizd-T, HEMUEE MF (IZIGHTBICE, Thi
B E 2 T%atd 5. NMed DU TFNEE LA FIZRT. NMed THAT 2EFH5DEHICONWT,
X 3.11ZmR7.

Step0
%Eﬂi T % EF“E‘\‘\: L7z PNMed X PNMed @Eﬁﬁﬁiﬁ%%%ﬁﬁfﬁ QNMed t%%‘é’é

Stepl
f%f—ﬁ"g%ﬁiﬂﬁWO) %m%m@@ii% ':':'/E\ & j‘é MNMed X M NMed @J—_Ejf 7“‘3 v % VE&T% .
ZorE, FHEFEz b $s7uy 25070y 7, TNDANDEE (S K
R)yrhokdsdyavriEsR7ay 2L EET 5.

Step2
BHTOY 2 LABHT O 2 OIAMEL LT, FHI—2 ) v FEile(z,y) 25
Y 5.

Step3

70y 7 2 FLENEWIE GEELEEDMEWIE) 123X, AL nayveq DO ST
0y 7 QHULEFRO I REE HE e 3 5.

Z Z T, P, MNMed; M"NMed lié‘f%ﬁréﬂtf% 5. StepO~Step3 0)5@}%75: @4%@42{&0: 7 A ﬁl“ﬁﬂi
ffidZ & T, NMed @ HIEIHEES.
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(a) (b) ()
32 7—=F7 72 FREDH (a) FHEE, (b) ASTEE, (c) NMed O HiJ .

Fig.3.2: Example of generation of artifacts: (a) original image, (b) input image, (c) output

of NMed.

Step2 Ti, HHLE L LTUTORTRIND 70y ZMDOEa—2 ) v Nl e(x,y)
EHWS.

e(z,y)= Y lulz) —uly)*. (3.1)

1ESNMed

ZZTC, o 3EHEZFE z 20 THRAMEE GEH 7YY 7) mymed X MNMed P D 3R
THd. y IEREHRNCB T 2EHEZEDSOEZE (SHEE) THY, v ISHEEyY %
Hh e S5 EpMEE (ST ay27) NOEETHS. i 3& 70y 7RNICBT 2H#ERS %
KLUTHEY, i= (1, ,miyeq) THD. ul-) FANEEDOMEHEEEKT. Symeq 1E7 0 Y
7 OHDDEHEEFS i = (miyeq + 1)/2 RS, 70y 7NOEERSOEAEZRT. Fh
aA—2Vy REf e(x,y) FERBEBAOETOER T O Y 212 U TEHET 5.

Step3 Tk, HH7mv 7 7ny 7 HAEENETWE ST 0y 7Ol % H\ T,
NMed D F1% KD 2. e(z,y) ZFMUZUARTZ L S EBHITNS WS T 0w 7% Dd
HE% g 23 5L, HEHMEE 2 1285 NMed DH T onvea(z) A TORTRD 5N 3.

ONMed(x) = med [u(gl)? U 7u(:‘)nNMed>] : (32)

ZZC, med || RASMERORREER T IHEKTHS.

¥ 3.2 12 NMed OULIRAER 2 RS, X 3.2(b) 1&, JHHEERK 3.2(a) (CHEZ AIFKE L 2GR T
HY, ®3.2(c)lFH3.2(b) I35 NMed DHIFERTH 5D, MOERLRED T 7 A F v
FTBWT, ENREEREEEZRTI b5, L, FHBICERT S &, HS%H
LB D FLZMRIED T —F 7 7 7 RBFEELTWB Z b n5b. NMed T, KD
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HERER —_—
{ :
u(x) ——!-DI Non-local median filter i
i - —
Oxmed(X)
e e T yes
— & |
i Ak i yes/no "’\o_
i ' ‘ —> OSNMed(x)
o
R — I
:L > IISLERRHER gx) -! —
""""" i

3.3: SNMed DAL 7 1 —.
Fig.3.3: Processing flow of SNMed.

AUV ANMEREDRETH > ZHBEDRTIZOVWTIIRETE T WAA, NLHEEE 5L
BIZT—F 77 7 b BRETDLILVWSHELRD S.

3.3 ARRICED(HEREEZZRA AT Y FE Non-local Median
Filter

NMed Tld, MEREMBEOFLTT —F 777 bBRET LI NS, HEREMED
HIZ NMed Z i1, 7—F 7727 bOFEMMHTEL L HEZOND. £ 2T, MEHT
BT & o THEE LHIE SN BFRD AU Z S A+ v F R Z AW T, NMed % k3R
U 7z Switching Non-local Median Filter (SNMed) % #2859 % 39. HZ#H i, SM TH
WHNT WS HEE MR 2 NMed FIZHEE U 72 fli it 8 &, BN O A EHIZEE D W2 )
SRR W S 3.31Z, SNMed DM 7 1 —% /R,

3.3.1 An{EMRHES

ANEME R, SM OHEFMHAEE NMed D HEZFHWTISHLZZHDTH S, #h
fEMRH BT, ADHEHEMEE NMed H MBI~ EDERHNIE, FTOHEIIFESHS
RELAMNMETHD LHET D, 2% 0, FESOHEM (NMed DHIIME) & AFHIFHE
EARES RR -G/, HETHLWREYNEL, WHEHITARETH L LHET S.
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3.4: NI ERIZ I 1T 2 %

Fig.3.4: Pixels used in the isolation detector.

NMed THES BRI E LT —F 777 "DIUNMRIETH o722 &6, HEE ORI IT A
WNRITEIZN LW EREFTE 5.
AT R D 1 FEAE u(+) & NMed D HIIE onved Z VT, ARVIE D) E RS R fsnMea(+) 1
UFoATRINS.
I fu(z) — oxmed(®)| < TsnMed

fsnmted(z) = : (3.3)
0 Othewise

ZZT, v I IEHBEZOMNEZRT.

3.3.2 MMM RS

MM AR, SHERE ZOEFEHZEOM TOARORFIZEH L, Mo E%
75, VR LMEA VOV AT X2 OFRHEIC X b, MEHPINIHERE L5882\, L
o T, MYBEEEZRETEZET, EPRETEZLEZS.

BARMIZIE, B341RT L5102, BHHESE 2 OMNHEHERER gonmea(2) 1, HHMEE ¢



H 3= JERAMEIZE DO E ) ZJOaBEED A oL AN MEE RE 20

D 8 EEDEFEE ¢ (x), -, ¢s(x) ZEHWTUTORTRKD SN D,

~ A~

gsNMed () = G1(2)G2()gs(x)ga (), (3.4)

1 ) —u(x))(u(x) — T
i1 (@) = (P1(2) — u(@))(u(z) — P2 ))’ (3.5)
0 otherwise

1 ) —u(x))(u(xr) — x
hale) = (¢3(z) — u(@))(u(z) — Pa( ))7 (36)

0 otherwise

1 ) —u(x))(ulr) — T
iale) = (¢5(z) — u(x))(ulz) — ¢s( ))7 (3.7)
0 otherwise

1 ) —u(x))(u(x) — T
iale) = (¢7(x) — u(@))(ulz) — ds( ))' (3.8)
0 otherwise

gi(x), -, ga(z) FZNEN, #t, B, AP0 RD, AEPORDDSHFNIE T 5 AR DR
FOIERGMEEZRLTWS, B UEHER 2 BVINZLTWER56I1E, $RTOHFIZENT,
AHERE T OEEHED LD, -8, £/38, EeAb, E-E A AL
LA BN = A AN

3.3.3 Switching Non-local Median Filter (SNMed)

SNMed T, 2 DDMEFMRHBDMERZ FINVTHEHRE L ZEEZREL, RS h
W32 D HA NMed Ztid Z & T, NMed OM:RED[H L% HiET.

P 2 1ICB I DEFED, ANERHEET X 2 HERER fonvea(r), MTMER R IC X 2]
FEREI gsnmed () 2 VT, SNMed O HITHEH ognved U FORTREINS.

ONMed (%) fsnmed() = 1 or gsnmea(z) =1
OSNMed () = . (3.9)
u(z) Othewise

ZZT, u(z) & onmed(z) EENTEN, ALE 2z 2B D ATTEGDOEZEHE L NMed O 1A
ZRT. fonMed(®) 1, z DHEZFEPANEDOL G 1 ZRL, £ TRVWEEIT0 ZRT.
FRRIZ, gsnmed(T) 1E, o OEFEFMVEZOLE X1 2R, £ TRVWEEIX0Z2RT.
D% D, SNMed T, &HERDEBZMEANIEX 72 NIEHETH - 72856, HETHD
& A7 LT NMed D EZ H 1T 5.
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(d) () (f)
3.5 MER DARMHIEG & IR EG (a) AJJEE, (b) MEFRAEMEEAG, (c) FMEmH

A K D ARMRHEMET, (d) MSZPERHEHT £ 2 RRHME, (e) SAAViERRH 25 & AMSZVERR H 25
(2 KD ARMRHMEE, (F) MZVERRHERIC & 2 3R e

Fig.3.5: Example of undetected and misdetected noises: (a) input image, (b) noise position

image, (c¢) undetected noise by outlier detector, (d) undetected noise by isolation detector,
(e) undetected noise by outlier and isolation detectors, (f) misdetected noise of isolation

detector.

[ 3.5 12 SNMed (Z IV 72 AR 2R D HES R IER 2 3 9. X 3.5(a) [dHEE ASFELE L 72 EifR
(AJJEIR) , K 3.5(b) HEEVFREL TWAMEEZH, TAUSERL U TRUAZEETH
%. [X3.5(c), X3.5(d), X 3.5(e) %, X 3.5(a) DERIZHT BINEMREIHROMEAER, M
PR B ORGSR, ARV R B & AR B (SNMed CTHEEIZHWT W 2 ER)
DIREFERTH S, B 3.5(c), K 3.5(d), K3.5(e)iF, K3.5(a) NOMEZELMBTE
Zb0RH, TNUMNAERTRLTWS., 72, X3.5(f) 1%, MuyMERESRIZE->T, FE
FaRRS THHUZEHE GiMHEE) 2 A CRUZEETHS. X3.5(c) X 3.5(d) &
R5 e, MHREEROHETH DM 3.5(c) DHVBRREDHE BN L 3bhr b, ¥
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3.6: SNMed D% 0 K UMBEDLLER (a) BB, (b) AJJEER, () SNMed (JLEL1[E]) D
HODE, (d) SNMed (JLEE 2 [H]) , (e)SNMed (JUEL 3 [a]) o> HiJ ik,

Fig.3.6: Results for iterative SNMed processing: (a) original image, (b) input image,
(c)output of SNMed (1 times), (d)output of SNMed (2 times), (e)output of SNMed (1

times).

3.5(e) [RTAMVEM H 88 & IR 2R 2 LA S DR MHBORE T, 5 ICHFOR
MIEADRNZ Db hD. —HT, M350 I0RT &5z, MrtkBdsidAs,
EERET MR TH D720, BREEZ V. AEEREREIZT Y D TOREREAZ W
7%, NMed T v V¥RIC B T 2 VERIEE . SR, BMCHES2RET 272012, Al
s e MR SR I X B MES IR 2 WD Z 2 25, /272U, SNMed %, HEEHRH
MOFHMEIZ L 0, Hkt U CHRAETIMETEMETERV. 22T, #imd 245 c 00y
572012, SNMed Z## DR U THiT Z & &9 5. [X3.612 SNMed D b 38 U ALFEHE R % 7%
4. B3.6(b) 1F, FEBOR 3.6(a) ICHEEVFELZEBRTH S, 13.6(c)~H3.6(c) lZZh
FN, [23.6(b) 12X LT SNMed % 1~3 [ L 7z EiETH 5. K3.6(d) 2R3 L, M3.6(c)
ICHARTHEOWMOELBE LA LTWEZ W bh 5. M3.6(e)lE, M3.6(d) LIFIF
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BHOoRWHEREMREZRLTWVWS., O ULHIZ X 2HEEREEREDIK TN Z2ERT 5
CHREDRUMBUL 2 MDA Z Y TH D, KX Tlx, SNMed % 2[R DR LU 72H D % Tterative
SNMed (ISNMed) EIERZ & 2§ 5.

3.4 ROADBEEICEDCEH#%%2EL 7 Robust Non-local Me-
dian Filter

NMed 7 —F 7 7 7 N REDOHEDER & LT, MEVNLTHWRWT oy 7 DliFE%E )
LTLES72ZeBEZ6NS. NMed Tl, 70y Z7HOMZOREIZLD, Ty 7D
MEOHLMEZ ELUSFHETERWEEYRH 5. ZORE, MELLTwanryay 7o
BZHDLUTUEIBNAD L. Ty 7HOREDHEINEZFET 28, vy 7 NOH
HEBLEICKMLUIZSLSTHIET, EoBUMEOMFNMiz R TEHEERS. £
T, FES 5 USICHED CHAN SHBEEZ AN T, NMed OFMMEDFHAMKEE 2 LR T %
Robust Non-local Median Filter (RNMed) 2259 5. FEZSS6 LI, Mzt d o7k
DO EHE Rank-ordered Absolute Distances (ROAD) #igHRE 43 (D WTHEAT 5. HiF%
9 5 72 OftEFEIZIE, ROAD #iGt& %t R U 72 Rank-ordered Logarithmic Difference
MU DD, L0 EVREMEOH ST EMETE S Z LR SN TWVWEAH, ROAD #igh
BIZHARD EWEPEMZ 72D, Uiehi-> T, SEIFLEEAEE TdH 5 ROAD #iat &% W
%. RNMed O FEZ LA IR

Step0
% H @% T ':F'/E\ L7 PRNMed X PRNMed @Eﬁﬁﬁfﬁjﬁ%%?—gﬁﬁiﬂj QRNMed & i%?é .

Stepl
PRREIEND TN ENDEZED ROAD ¥t 2K, ROAD #ift& %2 ZIZFES5 U
TERRTEAN) ZKRD .

Step2
%%ﬁﬁfﬁﬁ\]@%é’b%ﬂ@@%% ':':'/E‘tj—é MRNMed X MRNMed @J—_Eji 7“\3 v %ﬁfﬁ';
5., Z0rE, EHEZx 23570y 725070y 7, ThUNOHEE (&
) y 23270y 2723070y 7 EHRT D.
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Step3
Stepl TROZEA M) ZHWTEH IOy 7 L £BIET 0y 7 OEMSEFHUE w(z, v)
ZHEMET 5.

Step4
70y 7 % B EFLE DD EHWIEIZER, BN npaved [AD SR 70 v 27 D Hl
HEOHREZE HIfEE T 5.

ZZT, p,MRNMeds "RNMed [ EETHBMTH 5. Step0~Stepd DI % WA IZ T A XIE
s Z &, RNMed O Hli&%2155.

Stepl ® ROAD #iit &I FNMed O X 2.12 LRI L H D ZH W5, ROAD gt & EBRL
EVE T gy FBRU E WMl Thyeq 2O TEA (2) ZUFORTRO SN 5.

0 ROAD(z) > T\yjea
_ ) T j.q—ROAD(z)
nie) = %lggll:d_TF%NMed TfI{{NMEd > ROAD(z) 2 TPI{JNMEd ) (3'10)

1 ROAD(z) < Txwed

EAn(z) FEE 2 TN UTEZSNBFESSLETHY, 0ITEWVIFE LSS LS, 1
WEWEEFESS LWZ 2 2EKT 5. Step3 DEH TR Y 7 BT 0y 7 DEAN X H
BLEE w(z,y) 1, EAEHWTUFORTERINS.

w(m,y) =n(exp(— Y nlx)n(y:) lu(z:) — ulys)]). (3.11)

1€SRNMed

TIC, u REHEH s 2RO TEREMER (EHTOY ) NOBETHD. y LK
SIS B B8 HEESNOEE (BHEK) THY, y ZBHBHEy 2hbeT 26
R (BIR7E Y 2) NOBETHS. i RETHY 2 RICB I BEERSERLTEY,
i= (1 miyy) THB. u(-) EANBEOWEEMEERT. Spaved B7H Y ZDHLD
EREEFED i = (myey + 1)/2 2R, 70y 2 HOBERESOESERT. Eak & HLE
wz,y) AR L 212k BHINSWBET By 7 2 DhOEHEE gk L3562, #
HE#% 2 1251 5 RNMed O H 7 opxytea(z) B FORTRD 515,

ORNMed () = med [u(gjl), e ,u(g”RNMEd)} . (3.12)
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(d) (e) ()
3.7: fifHE 4 (a) Barbara, (b) Boat, (c) Cameraman, (d) Girl, (e) Lena, (f) Woman.

Fig.3.7: Employed images: (a) Barbara, (b) Boat, (¢) Cameraman, (d) Girl, (e) Lena, (f)

Woman.

3.5 LLEREER

SR m LT, €/ 2 REBIZHET DT VR LMEA VOV AMEMEE RN R e LR
KT ROHEFREMAES & O OFHE RIFVEREIC DWW T ORI 24T 5. SEERES R o 34l
IZ, Mean Square Error(MSE), Structual Similarity (SSIM)*%:47 (2 & % & &3l & HAIZ &
% EBEHIIIZ X - TS,

o]
JE]

3.5.1 SEBR#E(E

EERTIE, K3 7IZRT 6 MDA (Barbara, Boat, Cameraman, Girl, Lena, Woman) %
JRE G UTHW, AL ZEGIRNT IS 256 x 256 HFED 8 ¥y b (256 ) HEET
H5. WHNROEGIE, K372 U TR21IW > THEZFZ2REI T HK L T5. MY
DFEHEMER p 13 3[%)], 5(%], (%], 10[%], 15[%], 20[%] & U 7=. REFIEIZIX, NMed, SNMed
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D% 2 [a]ffi 4 ISNMed, RNMed % FH\\ 7z, #EkFikiZiE, MF, SM, FNMean % f\\ 7=,
EEFHIFRAZE MSE 1%, AFOATRT K52, HAEE o & FHEED T —Fii = %R
U, VN VR, HEGIOEVRIFRFERTHLEFEAS. MSEDRXZLLFIZRT.

N
1
MS Ero(0.,0imo) = Z )? (3.13)
3:1

2T, ulz) 3L v 28T DS FEE RO EZEME, Ono(z) 1B DHLE 2 12T 2 F
BROWZMEERT. N IXEHGORERNTH 5.

SERFHM SSIM 1%, HZEMEDZA, 3> T A MDA, FEEDE(LIZEINT, HIHE
15 & SR R DO RS DR % G 9 2RI T, AR EWIRY, RIFAHERTHD L SR 5.
SSIM O X % PA FIZ/mR9.

SSTMmo(0.,0mo) =

1 N
NZ LSSTM (0.(5), 0mo()), (3.14)

(2u1p2 + C1) (2012 + C9)
(1] + 13 + C1)(0F + 03 + Ca)
ZIT, p, e RENEN, M TG L F G OME ¢ O L L $ 2R (7
Oy 271, 7uvy2) NOESOVHEEWEEZKT. 0,00 FZTNEN, TRV I 1, Tov
7 2 DFEHENRZ, 019 ZHDBRZERT. SSIM D/8T A — R IFSTHR 47 DEEEMEZ V72,

BFHEONIT A =21E, HEREMEZ CITFI MSE P RRE 2537 A - X2 HHL
2. FEBICHWIETHEONRTA =D %%, £3.1ITRT.

LSSIM (0.(z), Omo(x)) =

(3.15)

3.5.2 ET/7007FRMNEIKICK B2ER
TE 2 51

FAEREE p = 3[%],5[%), 7[%], 10[%], 15[%), 20[%] DHEZ xS 5, HERFHETH S MF,
SM, FNMean & 2T TdH % NMed, ISNMed, RNMed ® MSE %, F&EERI L 125 3.2
~KBTITRT., R32~KR3TIZHWT, BB L ITHRRDMEIIFTHA, 2FHICRWER
FEIMTHATRLT WA, #£3.2, £3312BW\WT, SM & ISNMed A3 LB LA 7 5L % %
T eDbrotz. £3.4 Tl SM & ISNMed (23 AT, RNMed & RIFARFEHZ R L 7.
% 3.5 TlX, RNMed 23 d BIFfER %2/ RLTHED, RNT, SM, ISNMed & 57z, K
3.6, & 3.7 Tl¥, RNMed »ixd RIFRAEREZRLTED, IKWT, FNMean &7 572, &
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3.2~%& 3775, MSE fHMliicBWT, MSHAEMBIMENEEITIE ISNMed FREFE) ,
MEEFEMERDP G WIS EIZIE RNMed (FREFHE) BENMREEZRT Z LR TE 7.

MSE &[RRI, F8EMER p = 3[%], 5[%)], 7[%)], 10[%], 15[%], 20[%] DHEE N 2, £TFik
D SSIM %, FEMHEZ L 12K 3.8~F 31310 RT. HEFEIMCHE E N 4E1%, BEDMHE, 2
FHIZRWHEZRT. £3.8, £3.91ZBWVWT, ISNMed Db BIFREREZRL, IRWT,
SM WRIF2RAERZRT Z 2D bhr o7z, K34 TlE, SMPERSRELMEREZRL, RNT,
ISNMed HRAF 2GR Z R U, 3.5 TiE, EHIZE > TISNMead & RNMed »¥xH BRI
BAERZRLUTED, IRWT, SM &o7z. #K3.6, & 3.7 TlE, RNMed 2 d BIF kG R
ERUTz. £32~K3.75 5, MSEFHlli &[RRI, SSIM GHli T, HE&E R AERRIENE
BITIEISNMed (FREFHE) , MEREMRIGWIGEIZIE RNMed (BEFIE) BENME
ez RT DR TE .
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3.1 EFEONT A -4,
Tabled.1: The parameters of each method.

p = 3[%], 5[%] | p=T[%], 10[%] | p = 15[%] p = 20[%]
MF mMrE = 3 mMr = 3 mMr = 3 mMrE = 3
S mmr = 3 mmr = 3 mmr = 3 mmr = 3
Tsv = 45 Ty = 35 Tsyv = 30 Tsv = 25
MFNMean = 9 MFNMean = 9 MENMean = 9 | MFNMean = 9
PFNMean = 21 PFNMean = 21 PFNMean = 21 | pFNMean = 21
FNMean | hpNyean = 5 hrNMean = 6 hrNMean = 7 hrNMean = 7
Tfixnean = 50 TN rtean = 50 Tixntean = 50 | Thnntean = 50
T\ uean = 1000 | Ti\ytean = 950 | Ti\ytean = 400 | Ti\tean = 400
MNMed = 3 MNMed = 3 MNMed = 3 MNMed = 3
NMed | pnmed = 41 PNMed = 41 PNMed = 41 PNMed = 41
NNMed = O MNMed = 9 MNMed = 9 MNMed = 9
MISNMed = 3 MISNMed = 3 MISNMed = 3 MISNMed = 3
ISNMed PISNMed = 41 PISNMed = 41 P1sSNMed = 41 | pisnmed = 41
NISNMed = D MISNMed = O MISNMed = O MISNMed = O
TisNMed = 45 TisnMed = 35 Tisnmed =30 | TisnMed = 25
MRNMed = 3 MRNMed = 3 MRNMed = 3 MRNMed = 3
PRNMed = 41 PRNMed = 41 PRNMed = 41 PRNMed = 41
RNMed | nrNyed = 5 NRNMed = D NRNMed = 7 NRNMed = 9

TIL{NMed =50
TgNMed = 1000

TIL{NMed =50
ThNnted = 950

TPL{NMed =50
TRHNMed =900

TﬁNMed =50
TRHNMed = 850

28
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7% 3.2: MSE 3l (p = 3[%])
Table3.2: Evaluation result for MSE (p = 3[%]).
MF | SM | FNMean | NMed | ISNMed | RNMed
Barbara | 249.6 | 137.9 |  60.8 56.2 32.5]
Boat 484 | 204 | 382 35.7 11.3 [14.9]
Cameraman | 131.4 | 87.8 103.1 | [82.6] 90.1
Girl 29.5 35.0 492 | [16.9] 25.4
Lena 46.5 |[19.7]] 374 51.3 | [24.1] 31.5
Woman | 56.5 |[27.0]| 41.9 56.1 | [28.9] 30.3
7% 3.3: MSE i (p = 5[%])
Table3.3: Evaluation result for MSE (p = 5[%]).
MF | SM | FNMean | NMed | ISNMed | RNMed
Barbara | 255.5 | 152.0 | 109.3 | 72.2 25.5 [41.1]
Boat 51.9 | 28.0 65.5 46.5 [17.8]
Cameraman | 133.5 | 94.2 121.6 96.5 [93.3]
Girl 30.8 55.4 62.2 | [20.6] 27.7
Lena 51.3 66.4 66.2 | [31.0] 35.6
Woman | 61.2 | 37.4 79.2 68.4 [34.5]
7 3.4: MSE 3l (p = 7[%])
Table3.4: Evaluation result for MSE (p = 7[%]).
MF SM | FNMean | NMed | ISNMed | RNMed
Barbara | 268.0 | 197.8 | 143.4 | 103.2 [52.1]
Boat 55.9 | 32.3 75.4 67.9 | [30.0]
Cameraman | 140.9 | 110.6 | 112.1 | 133.1 [106.5]
Girl 33.0 56.8 78.4 29.2 28.9]
Lena 56.7 73.5 85.1 47.2 [37.2]
Woman 63.9 | [40.8] 80.8 93.1 53.6

29
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%% 3.5: MSE 3¥fi (p = 10[%)])
Table3.5: Evaluation result for MSE (p = 10[%]).

MF | SM | FNMean | NMed | ISNMed | RNMed
Barbara | 273.1 | 208.3 | 204.6 | 137.0 [64.7]
Boat 64.7 | [45.2) | 1207 | 927 | 46.2
Cameraman | 156.3 | 130.7 | 159.3 | 171.3 | [124.5]
Girl 39.1 91.0 | 1135 | 39.3 32.2]
Lena 61.9 | [44.7] | 1204 | 1178 | 59.3
Woman | 72.1 | [53.4] | 1312 | 1255 | 716 46.4

7% 3.6: MSE 3Hili (p = 15[%)])
Table3.6: Evaluation result for MSE (p = 15[%)]).

MF SM FNMean | NMed | ISNMed | RNMed

Barbara | 299.2 | 253.1 | 2342 | 2241 | [114.7)
Boat 76.4 | 60.6 [49.2] | 1334 | 706
Cameraman | 178.8 | [159.0] | 226.9 261.4 168.2 144.2
Girl 46.5 38.1] | 180.1 | 64.0 38.3
Lena 771 | 62.6 169.7 | 882 [56.5]
Woman 86.6 | [70.6] 77.1 186.7 107.2 62.4

7 3.7: MSE ¥l (p = 20[%)])
Table3.7: Evaluation result for MSE (p = 20[%]).

MF SM FNMean | NMed | ISNMed | RNMed

Barbara | 332.7 | 302.7 | 2506 | 330.2 | [179.8]
Boat 99.6 | 86.8 [57.7] | 202.6 | 113.6
Cameraman | 219.6 | [206.1] 227.6 361.0 211.7 167.8
Girl 733 | 620 307.5 | 1105 | [45.7)
Lena 99.5 | 88.2 264.1 | 1347 | [67.8]
Woman 105.2 | 91.6 [82.8] 260.5 156.1 78.4
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# 3.8: SSIM i (p = 3[%])
Table3.8: Evaluation result for SSIM (p = 3[%)]).
MF | SM | FNMean | NMed | ISNMed | RNMed
Barbara | 0.800 | 0.931 | 0935 | 0.922 | [0.978] | [0.961]
Boat 0.908 | 0.952 | 0928 | 0.924 [0.965]
Cameraman | 0.871 (0.931] | 0.869 | 0.925 | 0.898
Girl 0.909 | [0.965] | 0.911 | 0.864 | [0.960] | 0.912
Lena 0.932 | [0.959] | 0.934 | 0.908 0.949
Woman | 0.912 | [0.958] | 0.922 | 0.896 | [0.965] | 0.944
% 3.9: SSIM i (p = 5[%])
Table3.9: Evaluation result for SSIM (p = 5[%]).
MF | SM | FNMean | NMed | ISNMed | RNMed
Barbara | 0.796 | 0.913 | 0.886 | 0.897 [0.955]
Boat 0.906 | 0.932 | 0.898 | 0.901 [0.961]
Cameraman | 0.870 0.909 | 0.844 | [0.917] | 0.895
Girl 0.906 | [0.941] | 0.877 | 0.838 0.908
Lena 0.929 | 0.939 | 0.901 | 0.885 [0.945]
Woman | 0.908 | 0.934 | 0.874 | 0.872 | [0.958] | [0.939]
# 3.10: SSIM #¥ii (p = 7[%])
Table3.10: Evaluation result for SSIM (p = 7[%]).
MF | SM | FNMean | NMed | ISNMed | RNMed
Barbara | 0.789 | 0.887 | 0.880 | 0.863 [0.947]
Boat 0.901 | 0.937 | 0.895 | 0.868 | [0.954]
Cameraman | 0.867 0.899 | 0.834 | [0.909] | 0.888
Girl 0.904 | [0.948] | 0.880 | 0.806 | [0.939] | 0.905
Lena 0.925 | [0.943] | 0.905 | 0.849 0.941
Woman | 0.906 0.882 | 0.840 | [0.943] | 0.935
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% 3.11: SSIM ##i (p = 10[%))
Table3.11: Evaluation result for SSIM (p = 10[%)]).

MF | SM | FNMean | NMed | ISNMed | RNMed
Barbara | 0.784 | 0.872 | 0.834 | 0.822 [0.935]
Boat 0.895 | 0.914 | 0.851 | 0.828 | [0.939] | [0.947

Cameraman | 0.860 | [0.893] | 0.868 | 0.785 0.881
Girl 0.898 0.836 | 0.748 | [0.925] | 0.898
Lena 0.918 | 0.922 | 0.855 | 0.804 | [0.929]
Woman | 0.899 | 0.919 | 0831 | 0.792 | [0.922] | [0.925

2 3.12: SSIM #Hifi (p = 15[%)])
Table3.12: Evaluation result for SSIM (p = 15[%]).

MF | SM | FNMean | NMed | ISNMed | RNMed
Barbara | 0.764 | 0.835 | 0.832 | 0.729 | [0.888]
Boat 0.884 | 0.898 | 0.891 | 0.762 | [0.901] | [0.927

Cameraman | 0.845 0.842 | 0.685 | 0.862 | [0.865]
Girl 0.881 (0.892] | 0.647 | 0.881 | 0.887
Lena 0.906 | 0.907 | [0.913] | 0.727 | 0.894
Woman | 0.885 | [0.906] | 0.892 | 0.704 | 0.883 | [0.909

% 3.13: SSIM #-ifi (p = 20(%)])
Table3.13: Evaluation result for SSIM (p = 20[%)]).

MF | SM | FNMean | NMed | ISNMed | RNMed
Barbara | 0.740 | 0.798 | 0.810 | 0.643 | [0.820]
Boat 0.863 | [0.881] | 0.877 | 0.657 | 0.847

Cameraman | 0.809 | [0.838] | 0.832 | 0.598 | 0.821
Girl 0.843 | [0.878] 0.516 | 0.801 | 0.873
Lena 0.889 | 0.894 | [0.901] | 0.631 | 0.844 | [0.906
Woman | 0.868 0.882 | 0.617 | 0.831 | [0.890]
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FERTM

B 3.8~ 3.11 (2, FEHEMER p = 5[%], 10[%], 15[%], 20[%] DHEZ I T 5 EFHEIZ LD H
TERZ RS, K3.8~X3.11IZBEWT, (a) FEEE, (b) IFMESREEEE, () 1FMF, (d)
& SM, (e) i¥ FNMean, (f){% NMed, (g) ¥ ISNMed, (h) & RNMed O FjE{# % R~ L T
W5,

B4 3.812, HEEFEEME p= 5% DIRFD Boat (233 5 & FIEDOH IR ZRT. K381
R EDIZ, MF TlRAD DFEGENRYINT L E>TWa. SM TlE, MFIZHAR, GG
DEFNPIIHI SN T WS DY, IMRIEOHESED % U A HZD. FNMean Tld, #MMEEE R T
TWaHD, Ty VEAMTOHEM YR LUNE D, NMed Tlk, MF & FBRIZ, &l DOHLEE
WARYINTUE > TW5. ISNMed & RNMed T, FEGIEWVEREZRLTED,
HIREVERE & MOEMRAEPERE D I 512 B W CEIRIN RIS 2 R U 7z,

B 3.9, MEERAEMEp=10[%] DD Lena (25X 2 EFHEOHAFERZ/RT. K392
RYEDIZ, MF T, 1§FOMiD 2 EDFHMBAR T TLE>TWBH I e Do, SM
TlE, MF 2R, FEMEOMESIE-E D LTV DY, IMRIEOMEZHI DX UAHELD.
FNMean Tld, v VAL T, HEDOWMDIKUAHNLD. NMed Tld, HEOE DKL X
T—F 777 NORENHLS, REZHIZEWERE XS X272V, ISNMed TixZADHEE D
WYKL E R OND DI RIF 2 PR BN 2 R U, &7, RESOREMRFMNICD
WTH, WEBKREZERTH DL E 25, RNMed TlX, REFEBEBISGEVEK L 2->TH
D, ROEREFLHERTHLEERS.

X1 3.10 12, MEEFEEMESR p = 15[%] DIRFD Woman (ZXd 5 & FHEOHNFERZ RS, K
310 1ZR T & 51T, MF T, Ty YRHMEEDHTIZE VT, Hrize LzsERIzm-
7z. SM T, HEREELEWHEREZRLTVWEY, K38, K39 ITRI Nz DLk
i, SEHEBIZE VT, MRIBOMEZIN DR UM ED. FNMean TlE, @WHSREEEZ
MUTWED, BOERHO UL EITEE LSRR - 72551 & 2> 72. NMed T,
B 3.9 RN DRI, HSHREERE L EERFEROM A ICEWT, BUWERE
EE AW, ISNMed £, NMed (ZtR2Z &, HEREIEMA ELTWSEHDD, R7HIZRWE
B IFE X720, RNMed TlE, &5 HEGIOEVEZRE 2> TH D, HESREMLE & G
TFHEBE D 125 W TR RIF kb R 2 R U 72

B 3.11 62, HESFAEMER p = 20(%] DIFD Barbara (0§ 2 & FIEOH KR %2 RT. X
311ZRT L5, MF, VM, NMed, SNMed I3 FrEMERE & fEAAEREO M H1I2H W
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T, BWERLIZE 22V, FWNMen [ Z I RIF R R Z R L TWED, IROBREIZEH
LTADBYE, MEENHN, AT TULE->TWVWBEIZ A bh o7, RNMed IF, MREVERE
C RS MERE DT G2 B W T BRI ks 1 A R L 7=,

3.6 ©E

ARETIE, £, B/ 70BEBIHELHETORELZEHIZ, ERFLEE AT 7 v
T ANV RIS U TEE L7 NMed [ZDWTHIHI L 72, X512, NMed 2 0DRE U A A v F 1
ALERIZ 2R U 72 ISNMed & ROAD #igt&E % W7 E AN S FLE %2 H W THWHE L 72 RNMed
ZOWCTHHIAL 7. SNMed NTIX, HEEDAEIZHE D WA EZIREL, MR
Hese UTHW .

T, FBREELT, RETFEOHEATETH S NMed TlZ, +o72MEEEZFETE 2N
ZEeEWESMIITHE L EIZ, ISNMed & RNMed 23/ 27 BHEED T > X LA > 7OV A
HRECEMTH S Z %2R U7z, EEIHIZE\WT, HSREMREIMERNGE IZ1E ISNMed
», FWHAIZIE RNMed R ENENL VRN TH S Z L 2 MR L7z, EBEHEIZH VT,
ISNMed (& R &[RRI, (EAEMROLESICHETRE L ERF 2 W L 72 R 2R
TR L. —F, RNMed (&, EEIFMIZH T, EFREMHEEDL S IE ISNMed X
PERFIED SM LD B o725 RTH - 7208, EBEHMHICH WTIE, YOREMERIZEWT

HRIZHERZED 2 e 2R U T-.
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3.8: Boat(p = 5[%)]) 12T 2 & FHEOEEBRKER (a) FEE, (b) ATEE, () MF OH T
Hif5, (d) SM D H i, (e) FNMean @ Hi £, (f) NMed D HiF £, (g) ISNMed @
JJi#, (h) RNMed @ H 77 .

Fig.3.8: Experimental results for “Boat” (p = 5[%]): (a) original image, (b) input image,
(c) output of MF, (d) output of SM, (e) output of FNMean, (f) output of NMed, (g) output
of ISNMed, (h) output of RNMed.
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() (8) (h)
3.9: Lena(p = 10[%)]) (ZXd 2 £ FHEDOFEERKER (a) FHEG, (b) ANEE, (c) MF O H

JIE, (d) SM DHITJER, (e) FNMean D HJJE#, (f) NMed @ H I, (g) ISNMed D
HODEE, (h) RNMed @ H 7 .
Fig.3.9: Experimental results for “Lena” (p = 10[%]): (a) original image, (b) input image,

(c) output of MF, (d) output of SM, (e) output of FNMean, (f) output of NMed, (g) output
of ISNMed, (h) output of RNMed.
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() (8) (h)
3.10: Woman(p = 15[%]) (259 2 & FIEDEERFKER (a) FHEER, (b) ADEL, () MF D
(

HAEE, (d) SM D H A, (e) FNMean O H Hiif, (f) NMed O H Hiifk, (g) ISNMed
D H S, (h) RNMed O H F7ii{4.
Fig.3.10: Experimental results for “Woman” (p = 15[%]): (a) original image, (b) input

image, (c) output of MF, (d) output of SM, (e) output of FNMean, (f) output of NMed,
(g) output of ISNMed, (h) output of RNMed.
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() (2) (h)
3.11: Barbara(p = 20[%]) {ZX3 5 B F RO FEERIER (a) FKEL, (b) ADELL, (c) MF O
-3

HFTE R, (d) SM O H iR, (e) FNMean O HFIE £, (f) NMed O HFIEI £, (g) ISNMed

D HFIE AR, (h) RNMed O H F7 4.
Fig.3.11: Experimental results for “Barbara” (p = 20[%]): (a) original image, (b) input
image, (c) output of MF, (d) output of SM, (e) output of FNMean, (f) output of NMed,

(g) output of ISNMed, (h) output of RNMed.



Fa4E FERAUEBICEDC AT —EERDA v
NIV AEMERE

4.1 %=

ARETHE, WHERFMEICENZ AT —lBD A VIV A EREFEEZR T I L %
HENZ, BIECREULE/ 7 0GR EZNRE Ul VOV AMMES DIRETIRZ /7 7 — i
BaNRE UFEANER U FREZRE TS, 7 —BHEANDHRIE, 77 —E&IX RGB
BB THBEREWZ 06, A7 —HEOZEFEZ (R,G.B) D3 D2DfENSRERT ML
FR LA UTHERENIEZITS. RFETIE, NMed & ZDAA v FRIFIETH S SNMed
%77 — BTN D FIEAN RS 5.

4.2 fiiCiE, NMed % 41 7 —#i5E U 7z Non-local Vectoer Median Filter (NVMed) {22\ T
AT 5. B/ 70EfENRE UREFIREERIZ, NVMed 1, 777 —BEOREFIE
DIARWZTIETH H. 4.3H1TIE, SNMed DOHEF MR T 7 ARNZPERR R O MHRLIZ SR
A, HEHFFREMMIZIE NVMed % W72 F7% Switching Non-local Vector Median Filter
(SNVMed)* (2 DWW CHHAT 5. 4.4fild, HIRFEBRTH D, HIKERTIE, SREEFHELMR
KDA 7 —HifE R e Ul Tk DHIRERIZ K WV REFEOGRMEZH ST 5. 3.6
HiTld, AEZRETS.

4.2 Non-local Vector Median Filter (NVMed)

NMed D71 7 —HRiR (%, FERLLEE DFHR & DB DFHEE D & N2 MVAEIZEE T 5
ZETITS. TN DMBFENFIZOWTIE, NMed &R & 5. NMed % NVMed 2L
k9 DBRDOET R TH DIEHLEDOFE & HAEFREDFREBAIZOWTEHAZITS.

A7 —EBRDOEZEMEE v(r) = {v°(r) | c={R,GorB}} £ L72& &, NVMed IZBIT D&

39
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H70y 2 LB/ E 2 OIEE 6(z,y) RAFORTRI 5.

Say)= D D ) o (w) (4.1)

1€ESNVMed CE{RV,G,B}

ZZ T FEHMEZRE 2 2P0 E T D manmed X Mamed PIETHEEE (EH 70 Y 27) NOMH
ETh5. yl, 2 2H0E U7z pxviied X pvMed D IE IS (BRZHEHIR) AICH 1T 55 H
EFZELISDEFE (SHER) TH Y, y ISHEZHE y 20D &3 2R (S7vy 2)
NOHEHETHD. i {70y ZHICBTHZAFSERLTEY, i= (1, ,miyred) C
BH5. SnvMed 1F7 TV 7 DOHLDHHEES i = (mEyyeq +1)/2 2L, 70y ZAOHEZE
BFOEEERT. §(x,y) ZAMEWRZE ZITEFEHITNS WS T 0y 7 %2 O EFE
Eghedry, HHMSE2 2815 NVMed DH I onviea () FAFORTRO 51 5.

onvMed () = v(T7), (4.2)
NMNVMed

g = argmin Y (") — (@)l (4.3)

F*EQNVMed j=1

THb.

4.3 AERICEDCHEREESZHEA =AM v FE Non-local Vector
Median Filter

SNMed T, HEFMEGE LT, St ds e MRS O 2 FE V7. SNMed
% Lk U 7z Switching Non-local Vector Median Filter (SNVMed) Ti&, #EEREERIZH W
TEONROEFERE R U MRS 2 RR T2 8 T, 7 —EHEIZHIR L0 T —
PERRANI R H AR D A% MESHRHAR L L THWS Z & &9 5 0. HFHRELEIZIE, NVMed ®
HH1Z2HWS. SNVMed D 7 10— %X 4.1 IZ/RT.

4.3.1 A Z—¥HEARINII MR HH 25

715 —PEERAST MR S D HHNEIZIRD 2 DDIHTH B, —DI%, BT —HEDKEL
DEBITN U TN ZR RS 2 D TIER <, &85 D RGB kA MZESEBR L WD D%
W, RGB EAMASEHICT LT, MikoRE%275 28 Ths. 52, Mtk
MEBZROR UM Z2/TS 22 ThHD. T T, MOEUMFEZ i o 345 M 280 A
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OnvMed (X)
r=1
v(x) -;-.\: : RGBRAOBIENEERDOIERK I OTNVMed(x)
¢ x) r>1 =@ 1 I:TI
ONvVMed (X -
— Oﬂ;‘\_;J)
%J]I_L'li*ﬁllfl%g " ° 11 o
0 <t

tE#EYR T
B 4.1: SNVMed QBT 11—
Fig.4.1: Processing flow of SNVMed.

THD70, HEREFUHEZFEVRUMT DI TIERW., ULad>T, ORULEIZXLS
M DB IR AL T A NI .

£9, RGB EAMADEBIZOWTHAST 5. RGB MAoMAESEEG L X, 777 —HED
FHEFRD R BT & Gy, G BEr, BRI E R KD DEIFRED A % &R D E:
WZE o ZEBETH 5.

RS & G DEZEMEDAE%E RG, G e BT OHEFZMED %% GB, BT L R K
DOEFEMEDA%Z BR & U, ¢t EIHOLEIZE T 545 HEZR ¢ O RGB K70 7 77 B O fiE
2 (x) = {2PRG (1), 26RG (1), 2PRG ()} A TR TREIN S,

B

RG, N _ | t—-1R t—1,G

28 (z) = 05NV Med (Z) — Osnvated (T) ] 5 (4.4)
GB/.y _ | t-1G t—1,B

25 (x) = 05NV ed (T) — Osnvated (T 5 (4.5)
—1,B t—1,R

Zt’BR(x) = ‘OSNVMed( ) = OsnVMea (T )‘ (4.6)

ZTT, olpyiieq (€) E t—1HIEH®D SNVMed @ ¢ A OEEHIEE & U, 028 110q(2) = v(2)
235, t =20 kDL ED SNVMed D HIHE o) \ajeq (2) 12V TIHEET 5.

U, RGB KA RZED B2 W72 71 7 —BRO M ERE SR DO WTHHT 5. 77—
B D INZVER SR TIX, RGB MWD BEEOKD Z &2, &HHEE L X OO AR
FFZIZEOWT, HHEROMVM 2 5Hli$ 5.

B 4.2 12mR9 £ 512, RGB EAMEDEE 2 (x) D d B4 (¢ = {RG,GB,BR}) IZH1F 5,
#HEEE » O $EHEDEHEM 0 (2), -, o4 (2) ZAWT, HHEEz DH T —EEDOA
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X 4.2: 7T —EGO MRS IZ BV S E %

Fig.4.2: Pixels used in isolation detector for color image.
PEHIREAS A ' (2) BB RO RTRD 515,
w!(z) = 0} () s ()wf” () (x), (4.7)
L (97 (x) = 21 (2))(¢5° () — 24 ()

W} () = , (4.8)
0 otherwise

, 1 e’ z) — 20 (x e’ z) — 20 (2
Bt (1) = (93" (2) (2))(¢4" (2) ( ))’ (49)

0 otherwise

25 () = L (@5 (x) — 2" (2)) (g (@) —’Z’C(w))7 (4.10)
0 otherwise
te! x) — 24 (x e’ x) — 24 (x
o4 (2) = 1 (¢7" (z) (z))(¢g" (x) ( )). (4.11)

0 otherwise

BT, o —HGOMMERHERT, BT —HifE EEHWTIZ, RGB A& Hif
EHVAHEEZES 2T 5. AR, EHEZEON, #, MOHMOARORNGZEHEI
W29, SEOFTIEEBEZOMAFMOAERIZEE U CHAEZTS. K4.3(a)ld, HE
L 25D NH T —HBRIZB I M AROT Y VfHEDFEFE2 77 7Lz DTH D,
MEHhI 2B RALE, Medhld RGB &l OEF#EEEZ KT, M4.3(b) 1%, F4.3(a) DIEFD =3
D G EICHZEE 76 DMEEVEREL2HUEFTv(r) 277 7LD THS. HIAI,
X 4.3(b) DERICH LT, BHELZ2 =3 £ L, ROBENEGEZAVTIC, 75 —EHED
MLEEBRI 2T 5 2 HAICOWTHIAZITS. Z0BHA, M#ENERL L oC(3) D%
AficiE v9(2) —vS(3) =30 76 = —46 (£1), v8(3) —vS(4) =76 -199 = —123 (&) &7
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D, FEVPHEELTWRWz®, v93) 1k N ERETIERV] CHEIhTLES. v(3)D
MOEMZBWTH, TNEN MG EHEZETIEEN] LHEINTUE S 0, BRIz
B =3DEFEX HHTIERV] L@ HEEZINTLES. Zo&51C, BEERUAMS
DIENZ DRHOBZEDEDHPIZUNE > TH D, [F52X 4.3(b) DRk BN (£ L <
IR ) 2RTEE, T —EEDOEES & AV ANERE S T, E LW R
MRE/DZENTERY. — 5T, BM4.3(b) DFEFIZX LT, RGB o MED % v
T, MEZT->-5E0M%ZRT. X4.3(c) 1, X 4.3(b) DASEFIZH LT % RGB &4
MAEQEGRE 7 Z 7L Lz O ThHY, HllXmRES, Wl RGB B 25 Wik 5y
T®H5 RG, GB, BR OEFEEZRT. X4.3(c) DEHMEFE x = 33 1233 5 RGB 43 74
DGO SEE 2(3) DRIBED AR Z KN ZLIZh TV &, 2bRGE(3), 268G (3), .6RG(3)
ETEBVT, AROFESVHILTE Y, TNETNDOEMIZEWT [INHETHD] &
HEENG, ULidioT, BRI E =3 DEFEIX METH5] L IELWHENTD
Nns.

4.3.2 Switching Non-local Vector Median Filter (SNVMed)

SNVMed T, M PEMRESROMEOBEUVMBIZED, HEZRHL, MEINZEEIZD
#A NVMed % i 9.
717 — DN L 2 RIEFER vl (2) ZHWT, BHEFE 2 1251F 5 ¢[51HD SNVMed
DEEHIIFER ognvied FATDORTERI NS,
ONVMed(2)  wh(x) =1
0NV Mea (@) = . (4.12)

t—1 .
OGN vMed () othewise

ZIT, u(z)ld, MLz BT D ANEROEEMEZ RS, AIREE ¢ 2 H B[R 7 12
ET 5L EDH 1% SNVMed DEASH S1EE T 5.

X412058 D05 &L 512, SNVMed [FHEERHEFERIZRE > T 1 HIRETO LI D ERE H S D
EE ANEREDANEZ21TS. 2F 0, €/ J0WHBEORETIETH S SNMed & 1L FA
D, MEEREMBITE ORI 2. £72, SNVMed TlE, 08xvareq () = OnvMea(r) & LT
W5 728, SNVMed D& H G ROMHERFIEX, RIETEH NLVMed & FIFIZ22 2 &
PEREEE N T W5,

M h T —EBRD KBS & 7256 & RGB R 20 iR % 725812 &
DHIFERD —Fl %2 X 4.4 128 T, K 4.4(a) (ZEEE, X 4.4(b) I$HEEFEEESE, X 4.4(c)
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EAMNEVERHBRIZ 7 T — B DR % N 72 TIEEO H AR, X 4.4(d) 1R PR 831z
RGB i M2 0 Wi 2 W= THEOR IR TH L. X442 72, RCB A 25 H
BERWEZTHEOLN, 7 —HBEOERD 2V ZFELIOSHEZIMOELNDNWT &
Dbohb.

4.4 HEER

ISR BR 2B LT, AT —HBIZHET DTV X LMEA VoSV AMEMEE 2GR e Uz iRE
FHEOMERENERE S & O E G OERFEERE VDO W T O 217 5. FEERIE, X 3.7
HUTR 221> THEST 2 REIE T A MNEB L, BEIZT IRV AR TITE > Ty
U7z £l ZE WS, 7 A MEBIZ L BERTIE, €/ 20 l§o s e  Hikiz, MSE,
SSIM*6:47 1z & 2 e B Al & EBAFMZ1T>. X512, FTEROMHEBFMIZOVWTH L,
MY 5. EEGIZ X DERIE, FBOADFEE T 5.

4.4.1 EER*E(E

FEERTIE, TAMEGRE LT, K4.51R7 8D E (Barbara, Board, Bookshelf, But-
terfly, Clock, Lena, Parrots, Tigers) ZJRE[ & U THWZ. HEE DFRBAEMR p 1% 3[%], 5(%],
7[%), 10[%)], 15[%], 20[%] & U7z, %7z, EEBIZTEE L MES OWREMREEHRT 270,
T 4 ¥ XV H A Z Nikon D5000 O &E&E € — N TR AT Z i U 72X 4.6(a) D Books &,
R ANE A & B3 U 72 [ 4.6(b) @ Human, [ 4.6(c) @ Lanterns Z AW 7z, WD HE G E
256 x 256 HIETH D, RGB DL 8Ly b (256 i) TREINS.

REFHEICIE, NVMed, SNVMed 2 AWz, X512, 3.4 TIREL 7 RNMed % 7 7 — [
BOERHEST T % 89 5 RNMed (CRNMed) & UTHWZ. #EETHEICIE, VMF,
SVM, % 3] FNMean (CFNMean) % A\ 7z. CFNMean |Z, CRNMed & F#kiZ, 575 —
HERDE 532 FNMean Z i U 72 FHETH 5. &M E U THWS MSE & SSIM 3%
N, ZERGB A Z 12313, X3.1512XK o TROMEDTIEE AWz, £BHS D MSE
& SSIM Dfiz MSE®,SSIM® 235, 715 —@E{EDHEFIRIZINS MSE, SSIM Off
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K AL BEFHEDONTA—X,
Tabled.1: The parameters of each method.
p = 3[%], 5[%] | p=T[%]. 10[%] | p = 15[%] p = 20[%]
VM myM = 3 mymM = 3 mymM = 3 mym = 3
SV mgym = 3 mgym = 3 mgym = 3 mgym = 3
a=12 a=12 a=12 a=12
MENMean = 9 MENMean = 9 MENMean = 9 MENMean = 9
PFNMean = 21 PFNMean = 21 PFNMean = 21 | pFNMean = 21
CFNMean | hpnmean = 5 hpNMean = 6 hpNMean = 7 hpNMean = 7
T%NMean =50 T%NMean =50 T%NMean =50 T%NMean =50
TH Mean = 1000 | TH 0 =950 | ThHiviean = 400 | TH vean = 400
MNVMed = 3 MNVMed = 3 MNVMed = 3 MNVMed = 3
NVMed | pnvsied = 41 PNVMed = 41 PNVMed = 41 | pNVMed = 41
NNVMed = 9 MNVMed = 9 MNVMed = 9 MNVMed = 9
MSNVMed = 3 MSNVMed = 3 MSNVMed =3 | MSNVMed = 3
PSNVMed = 41 pPsNVMed = 41 | psnvMed = 41 | psNvMed = 41
SNVMed | nsnvated = 5 MSNVMed = O MSNVMed = O | MSNVMed = D
T=2 T=2 T=2 T=2
MRNMed = 3 MRNMed = 3 MRNMed = 3 MRNMed = 3
PRNMed = 41 PRNMed = 41 PRNMed = 41 PRNMed = 41
CRNMed | nrxMed = 5 NRNMed = D NRNMed = 7 NRNMed = 9
TﬁNMed =50 TﬁNMed =50 TfL{NMed =50 TﬁNMed =50
TgNMed = 1000 TgNMed = 950 TRHNMed =900 TgNMed = 850
MSE.o, SSIM, A RORTERINS.
MSFEe(0.,000) = % > MSE(o(x).05,), (4.13)
ce{R,G,B}
SSTMeo(0, 6es) — % SO SSIMC(oS(), 65,). (4.14)

ce{R.,G,B}
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BEFHEDNT A =R, HEREMRI LT MSE B RE LD 8T7 A—RERM LT,
FERICHWIZETIEDONRTA—ZD—EA2 K41 I1TRT.

N7 —DF A NEBIZ L BERTIX, JFTEOEMMBIERE % U7z, EBREBREIIUTO
B HTHS. CPU:Intel(R) Core(TM) i7-6700 CPU @ 3.40GHz 3.41GHz, OS:Windows
10 (64 €y b ARV =T 4 vV AT L), BFERE: MATLAB 2015a, X € Y:16GB. %
BERAEMERT L ICAESEE 10ETD (8 x10) WMEEL, % OENFE % & FiE D B &
U7z,

4.4.2 H7—DT R MEKRICK 2EER
TE 2 51

FAERER p = 3[%)], 5[%], 7[%], 10[%)], 15[%], 20[%) DM 2T B, REFHETH S VM,
SVM, CFNMean & {215 TdH 5 NVMed, SNVMed, CRNMed @ MSE % FAMER Z L 12
RA2~RATITRT., RA42~RATIZBWVWT, HEICIZREOHEIIETHA, 2FBHICRE
WEE, FRIICHATRLTWS., £42~K 44128 WT, SNVMed Db RAIFRH R % =
U, ¥R\, CFNMean &725 Z L ooz, KR 4.5 TlE, SNVMed 2356 R 5%
RLTHED, RWTSVM, CFNMean, CRNMed & 72 5 7z, % 4.6 Tl¥, CRNMed 2% K
H2fERZ2ZRLUTED, IRWT, SVN, SNVMed & 72572, %£4.7 Tl%, CRNMed 2¥5H R
RFEREZRLTED, IRWT, SVM &R-oTW5b., R42~FK4T7T056, T/ 7 0EBHOE
BRe MRk, MSE Hliic 5V T, HEFFRAEMEIMNNEEIZIE SNVMed (RRETFH) , i
FEMEE D B NG T IE RNVMed (BBETE) BMENMEREZRT I LA MRATE .

FeHERESR p = 3(%)], 5[%], T[%], 10[%], 15[%], 20[%] DHEFZF T 2, & T SSIM % Fehe
MR Z LR 38~FK 313 IR, eIl CHENMEIX, REOME, 2FHIZEWEZ R
9. K48~K 411 TlF, SNVMed M id REFHRHREZRL, IRWTSVM 7o, —7,
F4.12, X413 TlE, SVM b BIF 2858 %2R0, IRWT SNVMed & 7o 7z. £ 4.8~
£ 41375, SSIM FHifiTlE, HEFREMEIME NG AL SNVMed (FREFE) 2R BRI
BARERZRL, BWHEITIESVM ARIFRFEREZRT I ehbhro T,



4= JERAEIZE DL T =D A Vo)L AR R 47

7% 4.2: MSE 3Hifi (p = 3[%])
Table4.2: Evaluation result for MSE (p = 3[%]).

VM | SVM | CFNMean | NVMed | SNVMed | CRNMed

Barbara | 247.1 | 116.2 |  [22.0] 51.7 34.6
Board | 354.4 | 162.8 |  [56.5] 262.6 213.3
BookShelf | 124.4 | 60.9 | [22.4] 53.0 40.2
Butterfly | 61.4 | [18.0] 18.9 51.0 33.4
Clock 56.6 | 21.6 [19.5] 33.6 21.7
Lena | 43.8 | [17.5] 14.7 36.9 18.1 28.7
Parrots | 67.6 | 31.1 [12.0] 42.9 10.4 53.6
Tigers | 101.3 | 44.7 19.9 100.8 27.1] 81.6

# 4.3: MSE #Hilli (p = 5[%])
Table4.3: Evaluation result for MSE (p = 5[%

—

).

VM | SVM | CFNMean | NVMed | SNVMed | CRNMed
Barbara | 250.1 | 120.7 |  [35.2] 58.2 36.8

Board | 358.9 | 166.8 |  [76.5] 271.5 215.2

BookShelf | 124.6 | 63.2 [34.7] 57.7 41.3

Butterfly | 63.7 | [22.8] 25.2 55.4 34.6

Clock | 588 | 24.9 28.9 35.9 [22.3]

Lena | 44.8 | [19.8] 40.6 23.0 29.2

Parrots | 68.4 | 32.9 [19.2] 46.7 13.9 54.0

Tigers | 103.9 | 47.9 107.1 [34.5] 83.2

FERFTME

4.7~ 4.10 12, FEMER p = 5[%], 10[%], 15[%], 20[%] DHEZF I T2 EFIEIZ LD H
HEGE RS, AT~ 4101258 & 512, (a) BB, (b) 13MSHAETE, (o) 1% VM,
(d) & SVM, (e) i CFNMean, (f) (X NVMed, (g) & SNVMed, (h) % CRNMed D H 7



4= JERAEIZE DL T =D A Vo)L AR R 48

# 4.4: MSE ¥l (p = 7[%])
Tabled.4: Evaluation result for MSE (p = 7[%]).

VM | SVM | CFNMean | NVMed | SNVMed | CRNMed
Barbara | 251.1 | 120.4 39.9] 66.4 41.1
Board | 361.7 | 174.6 | [100.9] 274.1 228.6
BookShelf | 127.1 | 68.1 [41.1] 63.9 44.1
Butterfly | 66.3 | [28.0] 35.7 62.1 36.2
Clock 62.6 | 30.5 36.3 41.4 [23.7]
Lena 46.9 | [23.9] 44.9 32.7 30.6
Parrots | 70.6 | 36.2 50.4 [21.6] 59.2
Tigers | 106.2 | 51.2 112.5 [42.4] 86.0

# 4.5: MSE #ifii (p = 10[%])
Table4.5: Evaluation result for MSE (p = 10[%)]).

VM | SVM | CFNMean | NVMed | SNVMed | CRNMed
Barbara | 258.8 | 130.0 62.2 76.7 30.7 [43.7]
Board | 368.2 | 187.6 | [126.0] 288.0 233.7
BookShelf | 129.5 | 73.8 59.7 71.4 [46.1]
Butterfly | 71.1 46.0 72.6 40.2 [38.5]
Clock | 64.8 | 33.6 45.2 46.2 [26.1]
Lena 48.4 33.0 49.6 39.0 [32.1]
Parrots | 72.2 | 385 55.1 [30.9] 58.4
Tigers | 109.7 | 56.7 55.0 121.1 [55.7] 88.4
BrerLTVS.

B 4.712, MEERAEMR p = 5[%] DRED Lena (233 2 K FIEOHIMEREZ/RT. K472
R LT, VM TlE, ERIZART 7R OFER 7572, CFNMean Tlf, =v VR
TOHEZFIND U HHED. SVM, NMed, SNVMed, CRNMed Tld, BUEIZE WSR2 R
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% 4.6: MSE 3¥fi (p = 15[%))
Table4.6: Evaluation result for MSE (p = 15[%]).

VM SVM | CFNMean | NVMed | SNVMed | CRNMed
Barbara | 265.5 | 139.1 193.3 92.9 [57.5]
Board | 379.7 | [207.4] 957.9 299.2 269.8
BookShelf | 133.5 | 85.6 96.6 89.4 [60.0]
Butterfly | 77.3 | [46.2] 88.2 87.3 67.6
Clock | 72.4 | 49.5 64.1 58.3 [49.3]
Lena 51.3 41.3 59.5 60.7 [36.5]
Parrots | 77.6 114.1 65.9 [60.4] 68.8
Tigers | 115.9 95.0 140.4 [89.3] 99.2

7% 4.7: MSE ¥l (p = 20[%)])
Table4.7: Evaluation result for MSE (p = 20[%)]).

VM | SVM | CFNMean | NVMed | SNVMed | CRNMed
Barbara | 271.6 | 154.2 199.5 108.5 85.5]
Board | 395.1 | [235.8] 979.1 336.4 314.1
BookShelf | 139.4 | 97.3 101.8 104.7 [85.2]
Butterfly | 83.6 | [61.4] 95.0 103.1 102.0
Clock | 79.3 | [64.9] 74.0 76.0 84.8
Lena 56.7 | 48.6 [44.5] 73.6 101.0
Parrots | 79.6 119.3 75.2 88.7 [72.7]
Tigers | 122.2 99.8] 159.0 130.0 109.2

LTHH, BIFRfEREZRL .

X 4.812, HEEFRAEME p = 10[%] DFFD Lena (2319 2 K FIEOHIFER %2R T. K4.812
R LD, VM T, EDOIBABRTTLE-TWE I e bArorz. SVM T, VM2
RDEMENIFoED LT0ED, Ty IXMMER S ICHEEILD U AH LD, CFNMean
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# 4.8: SSIM @i (p = 3[%))
Table4.8: Evaluation result for SSIM (p = 3[%)]).

VM | SVM | CFNMean | NVMed | SNVMed | CRNMed
Barbara | 0.701 | 0.904 | [0.946] 0.868 0.907
Board | 0.771 | 0.915 | [0.960] 0.821 0.862
BookShelf | 0.768 | 0.910 | [0.961] 0.868 0.901
Butterfly | 0.925 0.964 0.902 [0.980] 0.945
Clock | 0.906 | [0.971] |  0.963 0.919 0.992 0.945
Lena | 0.855 0.926 0.860 [0.944] 0.891
Parrots | 0.888 | [0.963] |  0.943 0.879 0.980 0.911
Tigers | 0.790 | 0.923 0.796 [0.953] 0.839

72 4.9: SSIM ¥l (p = 5[%))
Table4.9: Evaluation result for MSE (p = 5[%)]).

VM | SVM | CFNMean | NVMed | SNVMed | CRNMed
Barbara | 0.697 | 0.902 | [0.935] 0.854 0.905
Board | 0.768 | 0.913 | [0.949] 0.806 0.859
BookShelf | 0.766 | 0.911 | [0.950] 0.854 0.899
Butterfly | 0.922 0.955 0.884 | [0.972] 0.943
Clock | 0.903 | [0.969] |  0.955 0.911 0.944
Lena | 0.853 0.920 0.846 | [0.935] 0.889
Parrots | 0.886 | [0.963] |  0.935 0.868 | [0.973 0.909
Tigers | 0.787 | 0.921 0.780 | [0.946] 0.837

T, Ty IMALT, SVM B EICHEE O U A EHNLD. NVMed T, SEHIBIZ/NMER
DT —F 7727 NORENRR SNz, SNVMed TlE, NVMed iZ &5 7 —F 7 72 h3F
EAEFRELTORWEREZ/2 Z W TE, HFRENGE & MEFRFIERO W i TENT:
MiR%2/25 220 TEZ. RNMed T, BOPOBE ETEZDMITNAFHEELTVWDEEOD,
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# 4.10: SSIM #¥fi (p = 7[%])
Table4.10: Evaluation result for SSIM (p = 7[%]

~—

VM | SVM | CFNMean | NVMed | SNVMed | CRNMed

Barbara | 0.695 | 0.903 | [0.924] | 0.836 | [0.973 0.901
Board | 0.765 | 0.911 | [0.934] 0.798 0.855

BookShelf | 0.763 | 0.907 | [0.937] 0.839 0.896
Butterfly | 0.919 0.950 0.870 | [0.962] 0.942
Clock | 0.900 | [0.965] |  0.947 0.902 0.942

Lena | 0.850 0.908 0.832 | [0.924] 0.887

Parrots | 0.882 | [0.961] |  0.926 0.851 | [0.962 0.907
Tigers | 0.784 | 0.919 0.767 [0.934] 0.833

7 4.11: SSIM #Hili (p = 10[%)])
Table4.11: Evaluation result for SSIM (p = 10[%)]).
VM SVM | CFNMean | NVMed | SNVMed | CRNMed

Barbara | 0.688 | 0.895 | [0.909] 0.820 0.897
0.935)
0.953]

Board 0.761 | 0.908 [0.921] 0.781 0.935 0.851
BookShelf | 0.759 | 0.904 [0.923] 0.823 0.953 0.893
Butterfly | 0.913 | [0.970 0.939 0.845 [0.946] 0.940

Clock | 0.896 | [0.962] |  0.937 0.888 0.940
Lena | 0.847 0.899 0.818 [0.911] 0.885
Parrots | 0.879 0.918 0.835 [0.947] 0.905
Tigers | 0.779 | 0.914 0.747 [0.917]

0.830

EPOFIRICHARD &, RIFREREZRLEZEER5.

4912, MEEFREMER p = 15[%] DD Barbara (ZX19 5 & FEDOH IR RZ R T,
49T K5I, VM T, BERIIZRT 2EB L 72> TED, ROBEKIZIEEHL TS,
EHNTUE S 2D Doz, SVM TiE, IROER L2, < OMEIDERLVBR SNz,
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# 4.12: SSIM i (p = 15[%))
Table4.12: Evaluation result for SSIM (p = 15[%]).
VM SVM | CFNMean | NVMed | SNVMed | CRNMed

0.887] 0.828 0.787 0.929 0.881

Barbara | 0.679

Board | 0.751 | [0.898] 0.720 0.757 0.832
BookShelf | 0.752 | [0.896] |  0.884 0.786 0.878
Butterfly | 0.906 0.929 0.813 0.912 0.932]
Clock | 0.888 0.929 0.870 | [0.944] 0.933
Lena | 0.841 0.879 0.791 | [0.882] 0.873
Parrots | 0.872 0.884 0.805 [0.908] 0.894
Tigers | 0.771 | [0.905] |  0.878 0.715 | [0.881] 0.812

% 4.13: SSIM #Hifi (p = 20[%))
Table4.13: Evaluation result for SSIM (p = 20[%]).

VM | SVM | CFNMean | NVMed | SNVMed | CRNMed

Barbara | 0.672 | [0.876] |  0.822 0.762 0.870
Board | 0.742 0.712 0.732 | [0.867] 0.812

BookShelf | 0.744 | [0.885] 0.878 0.764 0.865
Butterfly | 0.897 | [0.944] | 0.925 0.781 0.870 [0.926]
Clock | 0.881 [[0.938] | 0.925 0.850 | 0.913 [0.926]

Lena | 0.832 [0.875] 0.759 0.842 0.865

Parrots | 0.868 0.881 0.784 0.870 [0.886]
Tigers | 0.762 | [0.892] |  [0.870] 0.688 | 0.841 0.798

CFNMean Tl¥, m@WHEZREMREZ RL TWE DY, WERERIIZE D, VM EFBRIC, £
RINZ AT 725 R & 72 572, NVMed Tld, WEREMERBICEBNZHRER LY, 7T—F
7727 bORENRE SN, SNVMed &, HIRHHEEREMEDIZENTZFEREZ R UM, X
PEDEADIEFIZHBNWT, 4, HEOMOEA LIRS, CRNMed T, &6 FHEHIZH6T
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WH R E 725 TH Y, HEEPRENR L EERFEVEREO M 5 I2 B W THIBW RIF 28R 2 R U
N, RO T, ZLOETNBRELTVDE I LHHERTE .

B 41012, HEEFEAEMEE p = 20[%] OFED Parrots (269 2 & FHEOHOKEREZRT. K
410 2R T &L, BETFHEOMEIL, K49 EHEEREREZRALTED, EFREOREICD
WTIE, XDBFICHRTE .

47~ 410 1R T & 512, HESFRAEMRPMEVES, SNVMed &+ 7 kg% RT3,
HEFREMEIHNGE, SO EUPHE DR 2572, CRNVMed T, D%
ERERIZBWTEH, MEEIRENRE EERFEREOm G ITENTE Y, KN RIF R %
mU7z. LoL, BREHOBEMREOEER S DM T, BTNORENHILDZ LD
Dot

A3 B R STLA

FHEMER p = 3|%),5[%], 7[%], 10[%], 15]%], 20(%] DHEZIZXNT 5, HERFHETH 5D VM,
SVM, CFNMean & $2%F1£TdH 5 NVMed, SNVMed, CRNMed O ULERIFE %2 FEfER Z 2
IZFE 414137 T, #4147 T X512, VM, SVM, CFNMean, NVMed, CRNMed T (3%
BRAEMROBEWVZ L2 EZIRIFEACR NG o7, ZOMEEIE, VM, SVMIZEWTIET
0w 7 &EH, CFNMean, NVMed, CRNMed (IZEWTZ 710 v 7 &g & PERFEIS O IEH L
BIRFRNICE L CTH Y, SHOERTIE, YOTHESHESRAMRIC X2 ABIEDE NI
5TH5. SNVMed T, MEREMEINRE 4D T ICAMBHB ML TS, Ih
12 SNVMed D HEZMRHETTICB W THE TH 2 L HTE I N EHBRIZOAMBZ T Z 205,
HMEREMENIREWVZTYE, HERELHNREREIIEZ 5 EICERL TWS., &FiE%
L TAB L, VMAmBEUIEPHENFERTH D Zehbhrd. HWT, METRERR)
WA 121E SNVMed A%, HEFFAEMERD G WAL SVM 2SR R WSR2 R/ U 72,
VM, SVM, SNVMed @ 3 FHEIZBWTIX, H/W OER Sz T kT 52 2T, EHTRER
VAV DIBEIRFENCIZ 55 Z e MR TE 5. NVMed TlE, VM, SVM, SNVMed 2tk
R5Y, ¥3~6EDRMDD D >7-. CFNMean ¥ CRNMed (& & (ZALBERFREIASEE < 72 -
TLEo7. oD Z eh o, FEFEANEEIE, BATUEIZ LR TERE R0 5 &\ ) RTED
BB ooz, TOMBEIZOWTIE, {70y 7 OHELNEZFMT O -V <y
F IR R o T VB ZEAFERNTH L L EZONS. £/2FD— T, SNVMed T
X, RN TIETH O 2D S, HERNO EICORUIEE ST Z 2 ©, R % G
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% 4.14: JLELERE (1)

Table4.14: Evaluation result for processing speed [s].

VM | SVM | CFNMean | NVMed | SNVMed | CRNMed
p=3[%] | 54 | 9.9 336.5 30.5 6.1 204.8
p=5[%] | 55| 9.9 336.9 30.7 6.8 204.7
p="T[%] | 55| 9.9 336.7 30.9 7.6 204.7
p=10[%] | 5.5 | 9.9 330.9 30.6 8.6 204.7
p=15[%] | 55 | 9.9 338.7 30.6 10.3 204.6
p=20[% | 55 | 9.9 335.3 30.7 11.9 204.5

TEHILDNTELI L 2R TE .

443 H7—DEERICKL BDEER

4.6 1R T K0T, FEEBITIE, 1SV AMMEDARS T, AU AMOHENERL
TWBZERbRSE. 1V L AMME 2R e LT (VM, SVM, NVMed, SNVMed,
CRNMed) &, #UAMHEZRETER VD, NS DTHEITIEA Y AMHEEIRETIE
ZHEL 2R E AJJEGRE UCTHW . AU AMEEEREFEICE, BEREEOGWA Y A
MHEEIREFIETH S NMean Z FHW 2. 72720, NMean €/ ZHEGEZEZRNRLELTWS
2O, 7 —HEHEDOEKTIT NMean 25 Z & U7z, FEERTIE, ZDFE% D NMean
(CNMean) &KFld 5.

411~ 4.13 1Z, Books, Human, Lantern |ZX}9 % &FIKIZ & 5 H I HE G Z R
A1~ 413 1EBWT, (a) BHEEE, (b) & CNMean, (c) i (b) (¥ 3 VM, (d) & (b)
X9 % SVM, (e) i (a) IZX3 % CFNMean, (f) & (b) X9 % NVMed, (g) i (b) (Zxt
95 SNVMed, (h) & (b) {Zx3 % CRNMed O H[%Z R L TW5.

4.1112, ik Books I T 5 { RO HMIMERE/RT. K411ITRT &I, VM T
3, BRI AT ZEB LR o7z. TDMDOFIERIZOWTE, HEVENALSNLP ST,

41212, EEif Human (234 2 8 FIROH KR 2R, K 4121389 £512, VM
TlX, B4.11 LHEKIZ, 2RISR T 7z & 72572, CFNMean TlE, RO E DT Y
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URREEBAIB VT, IFLALHEVRETE o7z, ZOMDOFHEIZOWTIE, HFE
DAEMARONIRIP o T2,

B 4.13 12, FEEAE Lantern (233 2 FFEOHIIFERZRT. K413 R8T X512, VM
&, 411, X412 EEBRC, SRR EGE o7z, SVM T, #7250 T
TWVWEHEDREENHNTUL £ 57%. CFNMean Tl&, Ty IUIZHIT 2O I
RonzE00, MERFEOREWIER L S X%, NVMed, SNVMed, CRNMed T, #F
EDREAH, CFNMean (ZHARZ & %DRTTWED, M OREIERE Tl CFNMean & 9
EWEEZXS. LnioT, BEFEIE, HREMITHNT 5L, CFNMean (264 5720
HETHLLERD.

4.5 &5

AETIE, £, B/ 70lifE20RE UVEIERFIAT ATV 7 4 VR % 7T — BRI
TEFEAIE L2, 7T —BEANDOIERIE, 75 —HGOKEFEEZ R, G, BO3IEN%EH
ORYZ MUEFBE LTS ZETHFo7-. 502, SNMed THW - MM H 2512 RGB B
DRIZEDEGZ VT, 0 IRUVWBLZLT S 5 — BGOSR 88 % i 2 72 SNVMed (2
DWTHEIH L 7=.

/o, FTAMEBIINT2EBRZE LT, #I—HEDT VX LMEA VOV ZMERENE
AeZm U7, MSE #HliicBEWT, MEFREMEIDMENGEITIE SNVMed 2%, SWIHEIZIE
CRNMed 28R TH B Z L D30 o7z, SSIM GHIliIZ B WT, MEFHAEMRIMENG AT,
SNVMed I HETH 2 Z Db hr oz, UL L —HT, MERERRPEVESIL, itk
THEOANREVBWEERL 25T U E -7, 7 A MEBIZH T 2 BBEFHEIZHE W T, SNVMed
X, EFREMROEE, MERENELEERFEOW G IZEN-FHETH D I L 2HATE
7z. CRNMed (%, Y OMEFEMRRIIEVWTE, HBNREFRERZRUEZN, X7 MLV
HUZE D S FRITHR, BTNHPRET 2 Z LD MERTE 2, FBEHMIIIZHS W T, RNMed i3,
T NOMBE LRI, HEREMRE CHERELREOW S OHET, RbEN-FHETDH D
EOWICRTHMN ., L7235 T, RNMed 2 X727 MVILBLIZEDOWTHIRT A5 Z & T, T 671
gD B TE S,

BBz, ERVERHRT 27012, FTYXLAATTHRE L BICHES HTEE U iz
B FEREIT o7z, EEFRIIH U TH, NMean UWHZIIRETELZESTZ & T, RAMS
ZRG L U7z CENMean &%, U <IEZENL EOMREZ R U 7=,
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4.3: RGB B4 Fifg & JI 7 RS MR OB (o) BRI DS B D—, (b) M
R D RGB i) & & DIEZD—EF, (c) MEEFEE MG D RGB /2 47 HG D55 0
— k.

Fig.4.3: Example of isolation detection using the difference images. (a) partial signals in the
oreiginal image, (b) RGB-component-wise signals in the noise-corrupted image, (c)signals

of difference images between RGB components in the noise-corrupted image.
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(c) (d)
4.4: 717 —EHGE 721X RGB o HAS G2 W58 0O IFR (a) FHEHRO 8,

(b) HEEFAE RO —EB, (o) MNLMEME I A T — Wi %2 W58, (d) AZPERR 312
T2 R E W25 5.

Fig.4.4: Result by using RGB-component-wise image or difference image between RGB

components: (a) partial image in the original image, (b) partial image in the input image, (c)
partial image in output by using RGB-component-wise imag, (d) output by using difference

images between RGB components.
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4.5: ffifl7 A MEf (a) Barbara, (b) Board, (c¢) Bookshelf, (d) Butterfly, (e) Clock, (f)

Lenna, (g) Parrots, (h) Tigers.
Fig.4.5: Use test images: (a) Barbara, (b) Board, (c¢) Bookshelf, (d) Butterfly, (e) Clock,

(f) Lenna, (g) Parrots, (h) Tigers.
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(a) (b) ()
4.6: fifHEI (a) Books, (b) Human, (c) Lantern.

Fig.4.6: Use real images: (a) Books, (b) Human, (c) Lantern.

99
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(a) (b)
(c) (d)
(1) (&)

(h)
4.7: Lena 2N 4 2 & FEDHIFER (a) FEi€, (b) ADEH (p=5[%]), (c)VM DH

73, (d) SVM D71, (e) CFNMean D77, (f) NVMed D7, (g) SNVMed D171, (h)
CRNMed O H /7.

Fig.4.7: Experiment results for “Lena”: (a) original image, (b) input image, (c¢) output

of VM, (d) output of SVM, (e) output of CENMean, (f) output of NVMed, (g) output of
SNVMed, (h) output of CRNMed.
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4.8: Butterfly D H IR (a) JHEE, (b) ASEE (p=10[%]), (c)VM DHF, (d) SVM
D1, (e) CFNMean D177, (f) NVMed D77, (g) SNVMed D17, (h) CRNMed O
.

Fig.4.8: Experiment results for “Butterfly”: (a) original image, (b) input image, (c) output
of VM, (d) output of SVM, (e) output of CENMean, (f) output of NVMed, (g) output of
SNVMed, (h) output of CRNMed.
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B 4.9: Barbara QD H#ER (a) FEIE, (b) ADEE (p=15[%]), (c)VM DHiF, (d) SVM
D F1, (e) CFNMean D177, (f) NVMed D171, (g) SNVMed D177, (h) CRNMed O
.

Fig.4.9: Experiment results for “Barbara”: (a) original image, (b) input image, (c¢) output
of VM, (d) output of SVM, (e) output of CENMean, (f) output of NVMed, (g) output of
SNVMed, (h) output of CRNMed.
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4.10: Parrots D HIUAER (a) &, (b) ALEE (p=20[%]), (c)VM DI, (d) SVM
D F1, (e) CFNMean D177, (f) NVMed D177, (g) SNVMed D11, (h) CRNMed O
.

Fig.4.10: Experiment results for “Parrots”: (a) original image, (b) input image, (c) output
of VM, (d) output of SVM, (e) output of CFNMean, (f) output of NVMed, (g) output of
SNVMed, (h) output of CRNMed.
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() (g) (h)
B 4.11: Books (ZX9 2 & TFEDHIHER (a) FEik, (b)CNMean D1, (¢)CNMean+VM

D71, (d) CNMean+SVM DS, (e) CFNMean D HiJJ, (f) CNMean+NVMed D 77,
(g) CNMean+SNVMed D7), (h) CNMean+CRNMed D 7.
Fig.4.11: Experiment results for “Books”: (a) input image, (b) output of CNMean, (c)

output of CNMean+VM, (d) output of CNMean+SVM, (e) output of CFNMean, (f) output
of CNMean+NVMed, (g) output of CNMean+SNVMed, (h) output of CNMean+CRNMed.
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(a) (b)

() (d) (e)

() () (h)
¥ 4.12: Human (253 2 £ THEDOH AR (a) FHifg, (b)CNMean DHF1, (c)CNMean+VM
DHF, (d) CNMean+SVM O 71, (e) CFNMean D Hi7, (f) CNMean+NVMed D Hi 77,
(g) CNMean+SNVMed @i /), (h) CNMean+CRNMed D 7.
Fig.4.12: Experiment results for “Human”: (a) input image, (b) output of CNMean, (c)

output of CNMean+VM, (d) output of CNMean+SVM, (e) output of CFNMean, (f) output
of CNMean+NVMed, (g) output of CNMean+SNVMed, (h) output of CNMean+CRNMed.
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(f) (8) (h)
B 4.13:  Lantern (X 9 2 & FHEROHE KK (a) FE L, (b)CNMean D HiJy,

(¢)CNMean+VM D 171, (d) CNMean+SVM D HiJJ, (e) CFNMean @ HiJj, (f) CN-
Mean+NVMed D 77, (g) CNMean+SNVMed D7), (h) CNMean+CRNMed D H /7.

Fig.4.13: Experiment results for “Lantern”: (a) input image, (b) output of CNMean, (c)
output of CNMean+VM, (d) output of CNMean+SVM, (e) output of CFNMean, (f) output
of CNMean+NVMed, (g) output of CNMean+SNVMed, (h) output of CNMean+CRNMed.



AKX T, T4 Y ROVHEBIZREL 721 VOV ANHEE DR EZ2 B, JERATILEIZ
KO AT AT U7 4 NVRIZDOWTHRATZ, DUNIZ, FERETHONLBRIZOVWTIHEAS.

B2ETIE, £9, E/ 208 hT7—DT 1 VRIVHEBENZTIITET DA 273V AVEHE
EDETIZOWTHIALZ, IZ, &/ Z0BEBIZHRAE LA V00 AMHEE OB EF ik
& LT, Median Filter, Switching Median Filter (IZDW T L7z, £/, T oz h 77—
B % DR e T B FIEAN LR U 72 Vector Median Filter, Robust Switching Vector Median
Filter IZDWTHFHH L7z, S 5612, KIFRDIRETF RO I £ 7% Non-local Means Filter
& Fuzzy Weighted Non-local Means Filter {Z DWW TaiIH L 7z.

HIETIE, £, IERAWHEEZ AT« 7V 74 IVEANBHUZ, BREFEOH TS FEA
& 725 F £ TdH 5 Non-local Median Filter(NMed) IZDWTHHAL, ZORERIZOWVWTE
BHO 22 U7z, IRIZ, NMed ORIEZ IR T 572012, Bipb5 22007 Fu—FnroE L
Switching Non-local Median Filter (SNMed) & Robust Non-local Median Filter (RNMed)
WOWTEHH L. X561, £/ 7807 A MEBITT 5 FERIC LD, EREHLE £
BTN 2 FI\WC, SNMed 1335 DMEFRAEMHR DY A2, RNLMed [3ME5E D3 SR AEMER DL
BT, TNENLONRNGLFIRTHL I L ZRLUT.

FAFETIE, BI3HETIHML 2 NMed & SNMed DENZNERT MIVILIIZIEDNT A

—H{§ % N R & T D FHEAHLE L 72 Non-local Vector Median Filter (NVMed) & Switching
Non-local Vector Median Filter (SNVMed) (Z2DWTCiHA L7z, 72, 77 —D 7 X MHEif§ & 5
BRI T D FRFERRIZ £ 0, RETFIROVERE &2 i L 72, $RETIRITIZNVMed & SNVMed
DAz, % 3 = THIAL 72 RNMed % 77 7 — D £ 5% 2 12 i 37 5% 43 5] RNMed OMEREIZ D
WTHFH U7z, ZDfEE, HEREMEMERNGE, SNVMed 3XNRNLFHETHE I L
MR L 7. MEEREMEDB VG, B35 RNMed BERFE L RENZ NI LD
PREZ RS Z L 2R L. 510, FEBIZED, B RNMed OREMEZHS ML, N
7 MVABLZE D KRR Z TS 2 & T, S oI ERED T LT 5 maaett 2 m U 7z,

PlED LS, KX Tk, B/ 70BN T —EHEIZHKETDEIT VX LEDA V0L

67



68

1

A

CERLR T

p={!

AMEMER N U T, JFUE 5 ORGERAFEICIE U S R EBETIRICOWTER 2, K72, B4
BRERIZBEWT, MHFREMER CMERAIEROM SIZEN L TIREZREL .



&

AW Z FTTHIH0, BT ZEL THREEANDEZRLTRIWE L
IR REBEAI SRR R R B L 9. £72, IBYUITEEREEE, M
BEE D £ U2 ILOR PR A BRI BH AR WIS BRI R ML L LIP3, A
XEFEHDIIHZY, HRBEMES & MGG Z B 726110 TEEFEM ARG RE L
FROEEET HERCEHOEERHRL EFET. X510, KinXORIEE B EZIFEY
WE U7z IO R R ZBE RSB A geRl ILARRE 2%, FBFZeRl o Mk —R #d%, iR
BIEE BT D B L BT ET.

BB, 2 DhE LATEE £ U ILOKRPZRPGI T AR S AT L - EGERE Y
MRED /2 Z#EER LT

69



S X HR

1]

J. W. Tukey, “Nonlinear (nonsuperposable) methods for smoothing data,” Proceedings

of Congress Record EASCON’74, 1974, pp. 673-681.

T. Sun, and Y. Neuvo, “Detail-preserving median based filters in image processing,”

Pattern Recognition Letters vol. 15, no. 4, 1994, pp. 341-347.

C. Ronse, ”Why mathematical morphology needs complete lattices.” Signal Processing

vol. 21, no. 2, 1990, pp. 129-154.

T Chen, K. K. Ma, L. H. Chen, Image Processing, “Tri-state median filter for image

denoising,” IEEE Transactions on Image processing, vol. 8, no. 12, 1999, pp. 1834—-1838.

A. Jacquin, H. Okada, and P.Crouch, “Content-adaptive postfiltering for very low bit
rate video,” In Data Compression Conference, DCC’97. Proceedings, IEEE, 1997, pp.
111-120.

C. Tomasi and R. Manduchi, “Bilateral filtering for gray and color images,” Computer

Vision, Sixth International Conference on. IEEE, 1998, pp. 839-846.

Y. Wang, S. Arthur, and L. Gilad, “Robust locally linear analysis with applications to
image denoising and blind inpainting,” SIAM Journal on Imaging Sciences 6.1, 2013,

pPp- 526-562.

K. J. Overton and T. E. Weymouth, “A noise reducing preprocessing algorithm,”
In Proc. IEEE Computer Science Conf. Pattern Recognition and Image Processing,

Chicago, TL, 1979, pp. 498-507.

H. Lin and A. N.Willson Jr., “Median filters with adaptive length,” TEEE Trans.
Circuits Syst., vol. 35, no. 6, 1988, pp. 675—690.

70



275 CHk 71

[10]

[11]

[12]

3]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

H. Takeda, S. Farsiu, and P. Milanfar, “Kernel regression for image processing and
reconstruction,” IEEE Transactions on image processing, vol. 16, no. 2, 2007, pp. 349—

366

D.L. Donoho, “De-noising by soft-thresholding,” TEEE transactions on information

theory, vol. 41, no. 3, 1995, pp. 613-627.

M.Nikolova, “A variational approach to remove outliers and impulse noise,” Journal of

Mathematical Imaging and Vision, vo. 20 no. 1-2, 2004, pp. 99-120.

A. Heidarzadeh and A.N. Avanaki, “An enhanced nonlocal-means algorithm for image

denoising,” 9th International Symposium on. IEEE, 2007, pp. 1-4.

J. Orchard, M. Ebrahimi, and A. Wong, “Efficient nonlocal-means denoising using
the SVD,” 15th IEEE International Conference on Image Processing. IEEE, 2008, pp.
1732-1735.

S. Matsui, T. Okabe, M. Shimano, and Y. Sato, “Image enhancement of low-light scenes

7

Asian Conference on Computer Vision. Springer

Berlin Heidelberg, 2009, pp. 213-223.

with near-infrared flash images,

T. Tasdizen, “Principal neighborhood dictionaries for nonlocal means image denoising,”

IEEE Transactions on Image Processing, vol. 18, no. 12, 2009, pp. 2649-2660.

T. Tasdizen, “Principal neighborhood dictionaries for non-local means image denois-

ing,” IEEE Trans. Image Processing, vol. 18, 2009, pp. 2649-2660.

D. Van De Ville, M. Kocher, “Nonlocal means with dimensionality reduction and
SURE-based parameter selection,” IEEE Trans. Image Processing, vol. 20, 2011, pp.
2683-2690.

FHHE, AOZH, RAESE, “GHERTYVRVAATEZEETEIVEL 14 XK
FFifk, ” HWEL ¥ a— 65.9, 2010, pp. 32-35.

V.Karnati, M.Uliyar, S.Dey, “Fast non-local algorithm for image denoising,” In Pro-
ceedings of IEEE International Conference on Image Processing, 2009, pp. 3873—-3876.



275 CHk 72

[21]

[22]

23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

P. Coupe, P. Yger, S.Prima, P.Hellier, C.Kervrann, C.Barillot, “An optimized block-
wise nonlocal means denoising filter for 3D magnetic resonance images,” In IEEE Trans.

Med. Imaging 27(4), 2008, pp. 425-441.

N. Dowson, O. Salvado, “Hashed non-local means for rapid image filtering,” In IEEE
Trans. Pattern Anal. Intell. 33(3), pp. 485-499.

M.Mahmoudi, G.Sapiro, “Fast image and video denoising via non-local means of similar

neighborhoods,” In TEEE Signal Process. Lett. 12(12), 2005, pp. 839-842.

J. Orchard, M. Ebrahimi, A. Wong, “Efficient nonlocal-means denoising using the
SVD.,” In Proceedings of IEEE International Conference on Image Processing, 2008
pp. 1732-1735.

J. Wang, Y. Guo, Y. Ying, Y. Liu, and Q. Peng, “Fast non-local algorithm for image
denoising,” In Proceedings of IEEE International Conference on Image Processing,

2006, pp. 1429-1432.

HAaAER, HEXE, “REHETICONA R BELUEYE % W7z Non Local Means, ”
{52 F8, vol. 115, no. 348, SIS2015-30, 2015, pp. 7-12.

K. Dabov, A. Foi, V. Katkovnik, and K. Egiazarian, “Image denoising by sparse 3-D
transform-domain collaborative filtering,” IEEE Transactions on image processing, vol.

16, no. 8, 2007, pp. 2080-2095.

J. Wu, C. Tang, “Random-valued impulse noise removal using fuzzy weighted non-local

means,” Signal, Image and Video Processing, vol. 8, no. 2, 2014, pp. 349-355.

R. Chartrand, Y. Wotao, “Iteratively reweighted algorithms for compressive sensing,”

IEEE ICASSP, 2008, pp. 3869-3872.

S. Peng and L. Lucke, “Multi-level adaptive fuzzy filter for mixed noise removal,” In

Proc. IEEE Int. Symp. Circuits Systems, vol. 2, Seattle, WA, 1995, pp. 1524-1527.

H. Xu, G.Zhu, H.Peng, D.Wang, “Adaptive fuzzy switching filter for images corrupted
by impulse noise. Pattern Recognit,” Lett. 25, 2004, pp.1657-1663.



275 CHk 73

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

A. Buades, B. Coll, and J.-M. Morel, “A non-local algorithm for image denoising.”
IEEE Computer Society Conference on Computer Vision and Pattern Recognition

(CVPR'05), vol. 2, pp. 60-65.

A. Buades, B. Coll, J. M. Morel, “Image Denoising Methods. A New Nonlocal Princi-
ple,” STAM Review, vol. 52, 2010, pp. 113-147.

K.N. Chaudhury, and A. Singer, “Non-local Euclidean medians,” IEEE signal process-
ing letters, vol. 19, no. 11, 2012, pp. 745-748.

Sun, Z., and S. Chen, “Analysis of non-local Euclidean medians and its improvement,”

TEEE Signal Processing Letters, vol. 20, no. 4, 2013, pp. 303—-306.

J. Astola, P. Haavisto and Y. Neuvo, “Vector median filters,” Proceedings of the IEEE,
vol. 78, no. 4, 1990, pp. 678—689.

M. E. Celebi, “Robust switching vector median filter for impulsive noise removal,”

Journal of Electronic Imaging, vol. 17, No. 4, 043006, 9 pages, 2008.

T. Koga and N. Suetake, “Impulse noise removal using 1-D switching median filter
with adaptive scanning order based on structural context of image,” Optical Review,

vol. 22, no. 1, 2015, pp. 123-135.

J. Matsuoka, T. Koga, N. Suetake, and E. Uchino, “Switching non-local median filter,”
Optical Review, vol. 22, no. 3, 2015, pp.448-458.

J. Matsuoka, T. Koga, N. Suetake, and E. Uchino, “Switching non-local vector median

filter,” Optical Review, vol. 23, no. 2, 2016, pp. 195-207.

M In, WESN, K%, “SIEBOAZHWEZMEA YT V7 1 VR O—&G
%, 7 5% HER. VLD, VLSI vol. 107, no. 102, 2007, pp. 7-12.

T. Viero, K.Oistamo, and Y. Neuvo, “Three-dimensional median-related filters for
color image sequence filtering,” IEEE Transactions on Circuits and Systems for Video

Technology, vol. 4, no .2, 1994, pp.129-142.



275 CHk 74

[43]

[44]

[45]

[46]

[47]

[48]

R. Garnett, T. Huegerich, C. Chui, and W. He, “A universal noise removal algorithm

with an impulse detector,” IEEE Transactions on image processing, vol. 14, no. 11,

2005, pp. 1747-1754.

Y. Domg, H.  Chan and S. Xu, “A detection statistic for random-valued impulse

noise,” IEEE Transactions on Image Processing, vol. 16, no. 4, 2007, pp. 1112-1120.

R. C. Hardie and K. E. Barner, “Rank conditioned rank selection filters for signal

restoration,” IEEE Trans. Image Process., vol. 3, no. 3, 1994, pp. 192-206.

Z. Wang, A. C. Bovik, H. R. Sheikh, E. P. Simoncelli, “Image quality assessment: from
error visibility to structural similarity,” IEEE transactions on image processing, vol.

13, no. 4, 2004, pp. 600-612.

D. Azuma, Y. Tanaka, M. Hasegawa, S. Kato, “SSIM based image quality assessment
applicable to resized images,” IEICE Technical Report, Vol. 110, no. 368, pp. 19-24

WERE, HEFM—, RY)IEED, MKk, “SSIMIZHEIKEZAREHEGHRIZEITS
WS AR, 7 [E2EH], vol.111, no. 104, 2011, pp67-72.



