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Abstract

The quality of digital image would be
deteriorated by the corruption of impulse noise in
the record or transmission. How to efficiently
remove this impulse noise for a corrupted image
is an important research task. This study proposes
a post-processing method for the improvement of
a denoised image in the corruption of
salt-and-pepper noise. In the first stage, a
variable-size local window incorporated with
pixel probability adaptation method is employed
to remove impulse noise for a noisy image. In the
second stage, a codebook which is constituted of
a clean pixel with its surrounding neighbors by
using the denoised image is established for
post-processing. A restored pixel and its
neighbors in a local window are compared with
each codeword of the codebook to select an

optimum codeword. The restored pixel is
replaced by the center pixel of the optimum
codeword when the distance between the
optimum codeword and the pixels in the local
window is smaller than a given threshold. A
smoothed pixel is replaced by a clean version.
Experimental results show that the proposed
post-processing method can improve the quality
of a denoised image. The objective measure in
terms of peak SNR can be further improved.

Keywords: Image denoising, post processing,
variable-size =~ window,  pixel  probability
adaptation, pixel vector quantization.

LATE
B BAR R A AR e s Y

TR GBI RSN TEMEAEE > FRA
RZH > BERMMTEIBLLETHEEH
HRREERBENLE - ATHEAREES
FIBT R PO E R AARRMS 695 20§
ERG TN TIR-[24] - FI A TRER A
BRALBE o BB RERRERE SN E
FEW o AR - RAEK B AR A ~ K
BT B BN E R B
ATRMRIZRIER - B sbdofTh 280k FiE5
W LERLFHEHNPLRERRAA A
EEEZHARTIAE -

MEFR CRAEFSARIENF LR
WIFI B P OIRETSEN REREZERGA
PEER S8 B A FEER SR RITF%
WIPHREA RS EAFE > BERAF ETHES
1RGSR B A TSR E T4
R EHARISES  SERBERENEL -
B TR EAPAERA RS T AR AERE
BMIEERS 0 ik A B @M P {E (adaptive
median, AM)JE & B[16]~ 2 E@¥B £ v @
(pixel-wise MAD, PWMAD) & & %[11]- B 3@
P34 & P {8 (adaptive center-weighted median,
ACWM) g i 2 [9]142 7 & # & F {4 (directional



weighted median, DWM)Jg i& %(13] - Ll P&
RSB T FRMAITHEATEZS T AR
FG P AEIE R B RS IRIRE SR 0 TR TR
FAR T LR R R ILF NIRRT R T s
RBEBBRFNGF > BRBEFTEBE
RE AR B TR R AE RGBT
FRBENBRMA RSO ER -
HTHBBRENBGEAKEEZ A H S
ey E R SR B R o Bl B KE S
(open-close sequence, OCS)j& 7% %[12] ~ 5 EA
¥ p # £ F {5 (modified directional-
weighted-median, MDWM) & i& %[20] ~ %4 9%
) # GOfE Rl E E M JE K B (boundary
discriminative noise detection, BDND)[21] ~ ¥ 1%
% 1% 9 % B % (edge-preserving algorithm,
EPA)[10] > £ ¥ OCS &% % # F 02 4 $ak 31
1R B RPER BB T > A SANEEFR
R ERABMENEE THRELTHRY
Blhdmty > RAGRAKRIBRAEE AR L
o ERFRNBEFELARS X E -MDWM
TR B201E Ak ER > REBEF &
#E P AR K B[13] ° MDWM JE %k 5 [20]42 4%
BUR AR 0 3 ERDE AR B 0y AR
BhG o BHEERGAOMGESEETRAE
MERE o RBMA LG DWM[I3] X k4% -
BDNDI[21] 81 4% # 85 2 2& &9 S AR R T 0k 3%
T kAR KON B 21x21 89 K AVAR B AR A8 RIBR T
IR AT MINAE R R ER G 2R A H
TEARELRGH S > Bbia g 455 - EPA
TR B0]T AR B RS R B s 2
Hy R ERATIENERT > LeAaEd
Bk T kR MAARE R 0 B — AR R A AR
BIMEE 0 B RREER B R E
WAL R I $ AR EPA 4R GRE S TUA
MEGHSRBHN  EEEREHATIEY
BT LRAARNEERG > ELEER
WHEEEAAERBEREGMAG TGS S
wE B TRTERESLEH T Q)R
BERBAHE BRSGYHIOEILNE
o BRI ANE LB T RAR
1£ o FSM JE & 35 [22] 7T LA B 20 F 6945 PRt B8 5k
W EELEREMATENERT > LEAK
BERPG B ETANERE > BB
BARINGLE > AMBEHRNBRELHELE
BT B MERAI A P A A E > I
FIET R T MR R AT - T XM E
G R K [2145 6 B BB AR e R B [21] B 5 g 4
FVEIE&S[13] ) AR A TR TEHEN

o REEE R AWM TE > R BESRE LS
o Bae TR PEER > LA BRI
A TR a2 AE > B B2 R B B
B Z B AR - SG MG RE S
AB3A A % [4]15 I EPA JE & £[10] > 3 ho# & 48
BAx F S e L BRF MBS T X > #1554
WG EE RN S%E S e EAERAEMEA
H—EM o HRAGER S5 — R RERZ
ARG E o REETPHEIER > E3E
BB HFMBHOGREE > RSEE T GMAR
EREAEMGBIE  THRERGEEIHREAS
Z k6] H TR A ERE P FeHE
B RAAEG PO FRERRNERRIME
2B AP FAREFHORRERAK
MEBLIEE > BFREGESFE O BEEER
REBEMEELFEFRENRE fAE
BXTHGFOHE REBRE PSR ER
KEERAREMFEIAER > w TR MEHR
sONEAEAE FR-EERMESR TR
M- AAM ML FRFaAMESEETRE
Wo UARRE PRFH B EREREEER
TG FAORE  BILRBHE G ENE
B GAE P A o &SR] P42 A B3R
IEALINE Y AR S > % ER
P EEMAL I B RN EE 0 AR
Blig1s & A XM BMEREFRNLER > ARG
Sy B R o 3RS EASR R IA P
1% BRI FERBEOLE o Liu FARE R
PR AET 58 3R AS PR A [ 18] 42 3 — M B A &
HEF 89 £ 2 (rank-ordered absolute difference,
ROAD) faRlsg ez 845 > RELESE %
A A BRI GGG FE 0 AR EAR
BREATHREARTNGE B REEGLET
REAR S SRR R B 2R3 0 B8 A oA IR
LA B AR B T A AS PR AR 3R o A2 XRK[LS]F
DS ERJEHABEE PEIER T X KB
MRE P ORE G ERR ARG PG EEA
0 2% 255) UARE T &y IEBMEG FR T
AR BB EGLE > B2 TESE P OIS
W RFETRAESHAEENEET > A
5 Bt B8 330 -

B T AR AR A PR e A o AP R4
MR TR S R U E BRI RATEY
15 P MU SRR B AR T AL SR
FARF R IR0 BIrR THRZBBR T
BRAT RS > AR AR BT 0 BB A
BROEF R FUARL ARG IR L FH
# (codebook) - i 3% 338 & ey PIMEE 0 TR



BRERTY > REBERBANGEIEREERE
%% F (codeword) > iM% TG EH P B
FRATH I UHFRFRRE — BRI 3]
MERGE BPRARESG P BEARBELFY
B REEERGENSLE o
AXEWMZTHOEBL T E G N84
XrEZ BB EREN R B
B2ZRTRAR ~ FO AR ER -

2.0 AR ik

18 A 2 IBAB UM 2 5 R TR iR e H TR SR
P XA RGBT A A REMSE 0 B
—MREREBITTEREZGERITHAEZ N
ik BT TP EZIIRERASER S B
ZEERABRMERZIBGL T  RERABGNEL
PR EFRABBER EAEA LKL ETBHE
(codebook) » it 3% il ey PIMEME > K EIRE
BERF o RBEBRBELGGFEREERES
F(codeword) » K HK X FHEGLEFO T Bt
BATH R S UF R ERRE —RIGLIFEE
FRGF > FRRABESEHEY

21 TRRIIHAE

Bhs X RTAEAE (i,7) i TH
REZ B ERRAEZ B NBRIEER TS
R HF ARG > ME R eRIFMAR L
RABFOSLF G ENLSE  WRASHAE
PARARIEMELFNGE > REBARET Y
R~ 4K (1):

.+ |X(@+m j+n)lwhere mne
Wy =] N O

Hf is=l RERIBAREG LHER X, B
g Wounl) BaMRERGEEES -
W RETAOARE Voo 1) B A4
i E o AEAE O mER @A —
B % > TREr s X ()8 s S 1 RER
HERS SX5 0 B E SR ERER ARG
Vo R B MR SRR o o RN
RE T AKX LFRE > R RE R AR
K ARG b RRARARE EHEE 0 Al
GHRASVAE > ABAERTHELR
X7 > B4F 4R K ©
BTHETHRTIVRETHRERLT
BEFGE TURBGLELT ABMAO &

255) R A5 ey F) By 0 3 BB A 2R EIRAZ
/!
FEEM g i s X (P -

Fclean _ 1, if X i, ¢ extreme )
i,j .
0, otherwise

B RXQ)TAF 4 - FoMRE PR ER
BisfE o B REBEAK SR LHKY

°l
measg el e 1 ke
R R B B AR TRAAY

5 F_cl_ean

%0 BbfMTREBRQORSEI T RE
Yo RFRENORE BASHAREATER
ARG FATFEERBGLH -

AR E I TR A

l = s N
BERET T R ERE ) HE S R
3):

Nic’ljean _ %:%Fif;ean 3)
. NClean o N 1L on e 4 ar e @
o NG BamARE VR A e
T?E o

#47 % TR E AR - SHE R
WK A B 33 RIBIRIER (D) - Q)3 K s
BEHE N BHERBANE bR
AL AR LRARE © i B AR R
W fadtey o wREFEERT N g0
T AR OMRE P AR REE  HEAR
(DR EIRA LB BB ST AL 5T %
BIREAA N BIRE EBEBMAL SR
%oy R~F B3R B TXT o

22 MEAFZIHRRABRE

HWEFBZ MR EH —ETER
S ARE FEF I EA S HERE B EE
Aok ReHl B3 fesr AR E
W R BBRARRKMEEME  REFERE P
AR F R F R R R R RO NMEBEE 0 H
B4y A B R R A R IME > B EALE 5
BARAGREMN R FMIBER > EHRERAMBAE
SLF R P AR ER R MEAKRE > Ay
kR EAEERET TG EINEEMG T4
PR AR E LY P
S EEG FAE o ER RGN B 8y o

BT RBENBRE R ASRE &



kB E ARG PR E X RAMG
FERAR DG EME > AATTEBEBMEO &K
255) 5 R HARE T B AFEE > I
B3 E PR RAE Xmax AR
IME ern » do X (4) ~ (S)AF

Xax = maX{le,j X} &€ Wag 4 G j)} (4)

X, o= min{X] jIX] W) 6] (5)

HBTEHESWHAE FOBMELFHRE
BHBEXEERRF MEGH > LB E oM
RE P aRmEEgE X BXG- -Onk
K Xax BRENME X . @95 538 o
K(6) ~ (D :

dmax —|le X ax | (6)
dl.m.in = X; ;=X min| 7
qu : lnil]ax%‘—r{%%xlj/\ ltnax Q{J{%%Eﬁ
min ,
#idi o RAGE Xl_] X o R EEE
B o

BFERO) (D EHEGERRE Pk
KA R 5 I B 84 1% 5 2B B T SR B HI R %1%
X BURAME X, EBREKEIE

’

X in B K@)~ 9):

pmax _ |L i< dmm 8)
bJ 0, othervwse
pmin _ |14 > d ©)
bJ 0, otherWlse
EEACREOERE T le,j &)
4N o 45T g ERRARAAE
S0 E G R AR T R

1 ol FLj s 0 Aattey o R
%%%wmxﬁwmm’%%%%%ﬁ%%¢
RS A JT_;}E'»%L/@Q’JR'J 1 FEAL z] BRE

B R FioT mas 0o ki TR

% 38 KX(8) ~ (%Né;é SHRE Y R ER

ﬁ"ﬁikﬁ&ﬁi/] BaE S AT HRE P
ok EENSE -

PARE b SRR A AR e B
ﬁ’ﬁuﬁﬁ%ﬁﬁﬁﬁﬂmﬁi%ﬁ%&%

ANt 224 l] "ol ey RE] > 2 X (10)~ (11)
P - -

ymin _ ZZme

ALY (10)
maX _ maX
N i,j %%F i,j (11)

2 N s R PR R M

ﬁ%%%g’wmxé\ﬁ%@¢ﬁ%%hﬁ
KA E BT -

HAMHARE T ENBEAEEFHERT
NI R R MEEEasE N T
BESAMATL SR ERNRAMOKE
Poax * R BREAEWHEE P 4o K
(12) ~ (13)

Pmax =N/ NS (12)
Pmin =1=Ppax (13)

AR R (12) R (13) 5 koo F E 5 &
B REZMSMAE 9 FRIB TR E S0
FE Xjpax & X AR SESEE L E
R THRGEFOREREIN B G ELGHE -
WAL E R ARG F A S A R A
ko o b B MR F AR M EARR > T

BE—EERGEE X B RKMER
X WX :

A

,',j:Pmax

HARX(HZE—REBGE T HF—EXT
Blh T BT AR RIRREATAR -

‘X ax + 0= Ppax )- X (14)

’
min

23 F BB AAEZ S RE Nk

Bk 3 2T 48 2 RS SRR IR R IR B
REZGBG TR GELABEMKE A
R EERERBAEE Y B R ETH N
Bl Bk TS HREMBEETRE A
X T A ABRBAT A TERRIE BN

Bh IO R FRAARG EEL EH
«s@(oodebook) IRIHE PV 0 A E—
BEZGFHATHR  RERBRMEE R0



fE 0 AF R B 1 Ao
LRNFRBR

|

HEEB RN
Blrik

Ry Rl Eas

REGEBT
ER

hEHE

WRY R
W1 REABRRREIZALE -

1 BAXR ARG OB REREZR
BARBZTHEZGEARERABZ R AL
ERIREET O BEURHAE R E—EE
o RHEREH T SBRT B F S E &
THREH TSI E o EEZ AR
% oY 1% & &2 3 B 4% K 45 (codebook) » % 4 #f
REGFOBRLIFGE > Eod T —1E1%
o BE NG EIN TR BEHNAFTH S
MARAEBERATCBHLIETATEGRF  sAERE
14 F AR 4 4% % 25 H (codebook) 42 & 1% t K AE 1%
EHF o oMmPehEgk AEBEFRER
2o MEBRRENL - B o ARES T oB

FAHWESLE O AMARTHRRE  HEEREY
1By o

AXF A RERZ T > A 33 A
BAHRE  Z—HETPOBAET AN IFMRE
P OB E  BHREICHINARE
8 23 1% & 0 1% £ 45 B (codebook) ¥ 0 £ 3L
3% ¥ & 0 5 F (codeword) o 1% & A B 6y 17 2
R ERBAEODBRE N 0 T UM ARIASR
MAMBELEA I L -

BFEBRER 33 SHARE AR AE
e —EGE 2P oBAETRGE > BFR
1% % #%5 # (codebook) ¥ » % — L ¥ & — @ 5
FoOMRBERBEA>HARENGREBT ik
(15) :

c(p*)=argmin{d (5@, j),c(p)}
p

HEe prRARBASWREN SR ETBHFTER
gl e

a1 BFHHFREETERGLT
BN AERBELGRE TR mEF©
15 AR A B2IRE RN T #4554
THREBREODEAOZE LI TUF FHHE
FAAMIEEEF L o M A ERIER EFBEE
89 PI4% 0 4o K,(16) ¢

c(p) ,if d(5(@, j)) ,c(p¥) <o
s (i, J), otherwise

(15)

ﬂm={ } (16)
HEY P dGaG)),cpr) REKRER ZFHF
c(p®) By WA E &% FIESE > 7T L d K (16)
FHE R
d(3(i,j),c(p¥) =
%\§(i+A,j+A)—c(A,A,p*)\
A=-2
XA P > FE VARG P F K
e £ T EG 2 M e asEsE T A
WE AR R B EE  $ R BIER
d(33, j)),c(p*) KR » RESMAE Feoie &
MR AEAL F B/ F RN o 48R
d(5(, j)),cp*) Al > KRESHARE FougF
iR R TR o
B R (16) 7] BA4F 40 & 2% ARG F 5 F c(pF)
oo AR EMAEMERS > B
d(5@,j),cip¥)<o * REERBE T A —
BERESHAERM > AP LT AT
k> B A2 s ERAE —REGY
IERGEF > RAZGLE - ey £/

(17)



RS EBT c(ph) RAOFRE LR R
o B A(5 3, ), c(ph) 2 0 » KREERBL
¥ RA—ERRASHRERE AN Bk
UH BB BB ERY  BABRAEY
BaE S -

21.16
21.14

~21.12 /

&

T 211 //

10I20I30I40I50I60I80I90I128I
BFANEREPIEM

B2.90% % RERT » HFRUERFIRE
CRBEREH GG BILWAR -

&

Z 21.08

R~ 21.06
21.04

% 1 ## Lena ¢ 2 %18 M3 tL(PSNR (dB))

Z gk
. Denoising method
Noise
density DWM  MDBUT PA Proposed
MF
10% 40.78 37.91 42.53 43.71
20% 37.02 34.78 39.12 39.98
30% 34.63 32.29 36.92 37.69
40% 32.51 30.32 35.16 35.90
50% 30.23 28.18 33.87 34.49
60% 27.69 26.43 32.29 32.87
70% 25.23 24.30 30.95 31.37
80% 21.00 21.70 29.12 29.59
90% 15.45 18.40 26.84 27.05

B 2 &4 0%e9 3 MEET » 44 50x50
A4 625 F AR FEBE PT84 o 92 PSNR & 4 1L
BRI 5 bR (16)7T B fF 40 1 F A FABAUIE
BEPIB AN > RN R B R G FA
Do ARBPAE R BAR R R A AR PAE R R
PSNR 41K 48 $H &) » 528 F B BE 8 P 4%
AR R TR RSN ERS > TR
1RGN EAS > 7269 PSNR {4
RE o BRENPALSERA - B 2 T
R EHTRUERIEMEC A S0 B g
U427kt PSNR {427 2 & Sk 6 > Bt
AXHERT BB o%HAES50- HE 2 LT 4o
KXY F kT LA R E R R ROE Bk e

e BHBEBRREB G R BARBILFND
%o HEFRBHHLE -

3.RBmER

B TIAE R IE R R Sk sE 0 e
Fl “Lena” A “Boat” 4% io AHE g3 > £
$30E L 10%~90% 9 RIE T 5 A ATy e &
¥ {8 J% /& % (directional weighted median filter,
DWM)[13] ~ & EA JE A5 ¥ P IR &R B
(modified decision based unsymmetric trimmed
median filter, MDBUTMF)[15] ~ ¥ $# 4%, % $24%
% # % 3 @ 2 J % (probability adaptation,
PA)[6]F2 A& STAR i 0 23 A8 b 2 4% IR 32 05 7k
(Proposed) AT 24 fiE LL 8% » APV A M4 3R L
(peak signal to noise ratio, PSNR) & 2 3, j% ¥ %
FHEBEZOE R R EREARBGRMEBHS
o BHETRERSHUBERER -

(e ()
B 3 Lena #1484 10% B 2% M FH 65 Rk
MYEARE: QB T#ZIHE: b £4
FEHEPHEDOWMIRES ; (o) ERAEER
JEHARB X P EMDBUTMF)i&#% ; (d) 4R
TEATAGEEFREFHAPAZIF XK (o) 4
AAXF ABRIGYS  ORBYSE -



B 4 Boat #4842 10 %# B3k AT 365 - 23
RYEARE QRLTFHRIBHK: b #£A
FaHEFPHEDOWMRES: (o) R HER
JEH M5 X FEMDBUTMF)R % ; (d) A
THAEREFREABIPAZIFT X () £
RAXFBREHBE ORISR -

& 1 2 3% {4 3 4 th (peak signal to
noise ratio, PSNR) & 3pi5 42 £ > thig &k » & 48
Tl A R R B RS X E 10% 2 90%
Z M E T3R8 “Lena” B2 bk 1 TL
EH AT REAEENRBETGEAEE A
10~70%) > 15 E A JEH RS FEER B e &
REE > REZWRR AL EEHR AR
TR ABMPEIER > 8K K
%G B P S %A o ey THR
B E AR AR EPA) M KREIEE B
R EZRAAZT ZEBHAE FUEKX
18~ P RME ~ B NMERER I R HGE E e
T TURERBE P eS8 B as
MEEQERTY > BARAFEF AT
A auy TR BB IR REE 5 F  ©&d A
XFERTHRREZYL > TUHERAEER
ey 0 E2REAARIT EREE R AR
DHARE RS T B RS B8

(e) )
B 5 Lena %484 90% ¥ 8 3 T3 05 > I3 3%
REERRE QR ZTHR2ZIEH: b #A
FHEEFTEOWMRES ; (0 EAGER
JE H & 45 % A (MDBUTMF);& % ; (d) A
THRAERGEFRBABPAZF Xk (o) 4
AEAXFEERBOHE ORBYE -

DRANT > RZHMTIEAO G FTHRHAD
1B BATIR IR IR > T LR RAL S0 E BT BE T o
EREHRATENRET(RATEA
70%~90%) » 75 &y # & ¥ 1A 78 % % (DWM)[13]
s ER EHBEEFYEERS
(MDBUTMF)[15] iy #& 7 7% 84 2% fiE 3 o IF % B
T THRERGEEFREREZ X
(PA) By & H 3R A IR 1K 0 B RARARAE T H5 45 4
Z TR RGEATHRABROHR > mMBZEYR
14 5% 8 KB @i € F AR K % DWM)
wmisE A JEHBEEYEE RS
(MDBUTMF) ; # st s & b AU k0%
TR RFEZIE 0 RART U S5 NTE 3R
WY > HERATERGLILY - AT
7543 2] 69 PSNR #1815 % 54308 E A & 69 B %
REBSARKR > BILKRMTAES EAAH
BRI ik EETURIRBERABLG S

g o



& 6 Boat %448 90 %o # B 38 T 355 - PR3k
MYSEARE: QB TFRZIHBH: b £A
FaHEFPHEDOWMRES : (o AFSER
JEH BB ¥ E(MDBUTMF)iR % ; (d) 4R
THAEREFREARIPAZIF X () £
RAXFLEZHRGBR ORBYSR -

B 3 23 “Lena” %4 10%#x 2 Bk 17 44
MFHEEE 0 AEFE R BE B R PR SR AL 89 AR
RILiE > & B ¥R B A5 kARG
FREOBET 3T AH RO Rk g 220
MBEEZHEHMIEFTER - B 4 £33 “Boat”
FARAE 10%Ha B Ak 87 2 3R T 45 8% » A& HE R )
R R AR E - BB T T
F b BAE R A AR UE BRI o 28T 24
AR R 0 T B E PR IE R
R MR AZ R REE 4 8 “Lena” #1834
RE—3 B 5 23 “Lena” {22 90%Z Ha
BT AEEAREEASAER(WwE
5(b)~(e)Ar-w) > & [ S(b)~(c) TABABEEEE
“Lena” B4R AR R EMAEEFIESOH
oA R ETEBEEEZOWMERZSGE
1B OB TR BIFPERBAZAONE B AGEAR
IE HH AR5 A A8 K 35 (MDBUTME) # 2K 7T 24
F@& “Lena” #4% > EARKRGEAI S Iclisk

o BRBAUGLRAE R TEAE LR
FRBPARRXZ T LA kY TS TiE
%k FRRAETEPGLEHEN - BOZ
3, “Boat” #4218 % 90% 2 M 5k TF4E > L
EHEAEEELEERLERE (B 6(b)~()Fr
) BB 6b)TUEE EA e E AR
% B (DWM)ZZ O F4e)E 8 O eEHHR
BRI B 0 AR £ BB 6(c)FT R
A “Boat” BT LA B AR 0 (24
THBEBORERD > ML RS HE ST H
% Wik 0 B obAE RS ER JE HASIS R P A
&% %3 (MDBUTMF) » % 32 fi & 53 T4 69 %5
1285 B RERAE HE 6(d) A 6()TURAH
ERATHRE ARG EREABPARRIZS
EREA M ERR TG E  MOBKRRF
o mBRyBRERRTR  TAPERBE
B E SR R A E P AR B (DWM)
PG EREHBEETHEERS ERZOB S
(B 6(b)~(c)Mm% » IERARABEERTS -

4.4

AXREAER 2B ML RET &
REEHBAYGDL  BBE LG FHE
(codebook) » I 3x 38 E 69 P10 B L
#E % (codeword) » AT P OB EAIE 0 UEE
fEHBE @R EEGF BT
FERRERG RS EXAVGOLHENE - &
BEREREN ARG OBRRZ Y EET
TOHFUETEREG R FRERBGH
TR PRI AE > AR E BT
(REUE B 10%~80%) A8 2L & PR e SRUE 15 04 &
Ko mBREREELNBEE LSBT
% B HBREORFABETUH KR Y
W KA B R 0 T IAE AL SRR T o

S|

AARGHAURITERALNEZLET X
Bh 0 3+ & 43 & MOST 104-2221-E-468-007 °

54 UK

[1] Z&HK~ ZYH% - sk “—EE R AW
WP IR B % T R W AR T IR 2
W HAEF K 245 #125 pp. 143-156
2009 -

21 AF& “ERREFIQZHMEE PEE
B RAET FS AR R PR AR L > L3



X BHAPEFARABEESL 5 F 2011

(3] #/ess “—1BATIRE B2 % a5
BREEEREBBEER AL B
YEGABEFRALELE &4 2006

[4] BRIE4E > 45 k4R G S AR AR B LA
BOENZ TR PR 3 FH4
WX BHNABETRBBEL &F
2013 o

[5]1 5R¥LFE > “F RA PRI B AR K FEBESE [
BRB FHLERY BB FARE
HAEA 5% 2005 -

[6] TRER > “fE A TS RE B FHEAB
BB AR LB BHAE
Fad#E4 5+ 2015

[7] &3 AN RSS2 #ENE P A
HBRRRE FHLRX BEEHARE
MIEEL &b 2005 o

[8] Bovik, A. Handbook of Image and Video
Processing. New York: Academic, 2000.

[9] Chen, T. and Wu, H. R., “Adaptive Impulse
Detection Using Center-Weighted Median
Filters,” IEEE Signal Processing Letters,
Vol. 8, No. 1, pp. 1-3, Jan. 2001.

[10] Chen, P. Y. and Lien, C. Y., “An Efficient
Edge-Preserving Algorithm for Removal of
Salt-and-Pepper noise,” IEEE Signal
Processing Letters, Vol. 15, pp. 833-836,
July 2008.

[11] Crnojevic, V. Senk, V. and Trpovski, Z.,
“Advanced Impulse Detection Based on
Pixel-Wise MAD,” IEEE Signal Processing
Letters, Vol. 11, No. 7,pp. 589-592, July
2004.

[12] Deng, Z., Yin, Z. and Xiong, Y., “High

Probability  Impulse Noise-Removing
Algorithm  Based ~on  Mathematical
Morphology,” IEEE Signal Processing

Letters, Vol. 14, No. 1, pp. 31-34, Jan 2007.

[13] Dong, Y. and Xu, S., “A New Directional
Weighted Median Filter for Removal of
Random-Valued Impulse Noise,” IEEE
Signal Processing Letters, Vol. 14, No. 3,
pp- 193-196, Mar. 2007.

[14] Eng, H. L. and Ma, K. K., “Noise Adaptive
Soft-Switching Median Filter,” IEEE
Transactions on Image Processing, Vol. 10,
No. 2, pp. 242-251, Feb. 2001.

[15] Esakkirajan, S., Veerakumar, T.,
Subramanyam, A. -N., and Chand, P. -C.,

“Removal of High Density Salt and Pepper
Noise Through Modified Decision Based
Unsymmetric Trimmed Median Filter,”
IEEE Signal Processing Letters, Vol. 18,
No. 5, pp. 287-290, 2011.

[16] Hwang, H. and Haddad, R. A., “Adaptive
Median Filters: New Algorithms and
Results,” IEEE Transactions on Image
Processing, Vol. 4, No. 4, pp. 499-502, Apr.
1995.

[17] Li, Z., Cheng, Y., Tang, K., Xu, Y. and
Zhang, D., “A Salt & Pepper Noise Filter
Based on Local and Global Image
Information,” Neurocomputing, Vol. 159,
pp. 172-185, 2015.

[18] Liu, L., Chen, C. -P.,, Zhou, Y., and You, X.
“A New Weighted Mean Filter with A
Two-Phase Detector for Removing Impulse
Noise,” Information Sciences, Vol.315, pp.
1-16, 2015.

[19] Lu, C. -T. , “Removal of Salt-and-Pepper
Noise Using Gain Masker Adapted by
Switching Pixel Variance and Edge
Direction, ” International Journal of
Electrical Engineering, Vol. 21, No. 1, pp.
21-31, Feb. 2014.

[20] Lu, C . -T. and Chou, T. -C., “Denoising of
Salt-and-Pepper Noise Corrupted Image
Using Modified
Directional-Weighted-Median Filter,”
Pattern Recognitions Letters, Vol. 33, No.
10, pp 1287-1295, July 2012.

[21] Ng, P. -E. Ng and Ma, K. -K., “A Switching
Median Filter with Boundary Discriminative
Noise Detection for Extremely Corrupted
Images,” IEEE Transactions on Image
Processing, Vol. 15, No. 6, pp. 1506-1516,
June 2006.

[22] Toh, K. K. V., Isa, N. A. M., “Noise
Adaptive Fuzzy Switching Median Filter for
Salt-and-Pepper Noise Reduction,” IEEE
Signal Processing Letters, Vol. 17, No. 3,
pp- 281-284, Mar. 2010.

[23] Zhang, S. and Karim, M. A., “A New
Impulse Detector for Switching Median
Filters,” IEEE Signal Processing Letters,
Vol. 9, No. 11, pp. 360-363, Nov. 2002.

[24] Zhang, X. and Xiong, Y., “Impulse Noise
Removal Using Directional Difference
Based Noise Detector and Adaptive
Weighted Mean Filter,” IEEE Signal
Processing Letters, Vol. 16, No. 4, pp.
295-298, Apr. 2009.



