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ABSTRACT

It is a challenging task to suppress mixed noise in a color image. Simple
fuzzy method could reduce the mixed Gaussian-Impulse noise with preserved edge and
detail of the image; thus, the method was studied and developed. Resourceful method
to remove the mixed Gaussian-Impulse noise was proposed by designing the sequential
cases to estimate the optimal weights in smail window for filtering the noise signals. The
sequential cases consisted of impulse detection, fuzzy system for initial weights,
improving the weights and optimizing the weights and finally the output pixels estimated
by either alpha trimmed mean or convex hull techniques. As depicted in the
experimental results, the proposed algorithm could be provided the best solutions when

comparisons with the vector median filter and the simple fuzzy method.
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(Gonzalez and Woods, 2009) iiia f(x,y) \Jumwewatiu Ty x uaz y unuiinaves
NN Tuuuusiaesiinw £(x,y) anaanaugmNINaI8n1IAaulaatu (Convolution)
AU Degradation function, h, LLa:gmﬁuﬁmurgﬂmmmu n(x,y) Mldnw f(x,y) (e
MILRURIINTBYNAANBUA NN mwﬁgna@muqmmwuﬁfaLmu@”’mg(x,y)
wWhnnpraInIAuanIwAINAe nsUszanmdinw £(x,y) Wddlndidnatunw
flx,y) “‘mﬂumwriaugnamﬂauqmmw‘lﬁmﬂﬁqﬂ ﬁommﬁayjaﬁmﬁ'uw“:ﬁ’ﬁ'u h uas
sy mIunIw n(x, y) s lsBarildnsdszunmdnmn f(x, ) Indifisatiunmw



v/ a ; av G‘: A L o av fard 3 4
FuatuNINTR- AInuTI M IAn I Laz eI UUIIReY DIRTYUIIUNIUTUNNTN €) e

T I UNTE VUM IAURNINAIW

2.2 Sy wIunIn (Noise)

dynnmsuna iudyanad Wit sedfiududsludy g ang
a”tyzywmsumulumwﬁﬁﬁ’afs'(m'l,v\njLﬁm‘]rus:udwm:mumﬂﬁm%agﬂmw LU
Fygimsuniuninddou udu uenanidygrusuninerufiaduluszning
ﬂs:mumséamﬁagamu fyanasunandunad ludu ludifezeSunoamsfygo

suMulnmMwaInandenufeITanunuwIsusuil

2
s <y

2.2 SQPAIMIUAINNAAINAINAANAIATUAITHINNVDIAITY
”iyty’lmn’lw (Sensor Noise)
Wudyyrmsunauiiianinanufianaiavasdasudygrmwninsie
Photoelectronic (Plataniotis and Venetsanopoulos, 2000) ﬁtymwmmmuﬂnmwﬁuﬂo
sanidu 2 dszinneail
1) Ay wsunaulW@au (Photon  Noise) iludyanmsuniui

P e e

&
Yuagny

U

§UImh (Signal Dependent) LAnanmMInsziNausua lWaauuuARAI2189
aiuaygranwlugunsalinsnn

2) FWUIWIUNIWNISLIFuU (Gaussian  Noise) LOURU QI
mmuﬁhh’fuag;ﬁ'uﬁ'ryryﬂm (Signal  Independent) Lﬁﬂmnﬂ?m”zlLéaoqmugﬁmawﬁfv
z%'q;tywmmm:ﬁwé“aﬁnm‘lum:mumsvléfms‘ﬁogﬂmw

2.2.2 é’tyqnmsun’mﬁl.?mmnm’mﬁﬂwmﬂ1um‘s§'amiﬁ'aga
(Transmission Noise)
éx"ryryflmsumuﬂs:Lnﬂﬁu,l.ﬁm’fmzmnns:mumséamw’ayja (Yan,
2013) Fratad Y MIUNMLIHANTITY FYamMILNIUWBNWRS SautiFyanmIuniu
Sunwagoonidu 3 Yszamasit
1) FYQIIUNIN Sait axfidvasdyyrasuniuiidudana
Bugsga lunsdlnwawa 8 In danudugegada 255
2) ALY Pepper axlifasdgmsuniwiiiiudana
n]“m‘hfg@ lunstdnwauia 8 dn fhmmm”mﬁ"wq@\ﬁa 0
3) §TUQIMIUNI Salt and Pepper LTWNINAUITHINIRYIH
UM% Salt Waz Pepper 6IMu ﬂ'waaé’mumu’lmsummuﬂummmLﬁwgoqw?a@%wqﬂ T
nydnwawe 8 In manaduvesdygrasaianiiia o wia 255



2.3 LUUIINaIFYUIRIUNIN (Noise Model)

° o L n; \d a 1 o i
LUTARDN atymnmmmugﬂaﬂwumﬂmamJ 1!6@’1%’)’] atgrywmmmuﬁ

=l QL 1

a J a [ ) . o & A& o a
Lﬂﬂ'ﬂu&]ﬂﬂ&ﬁuﬁ@lmut(ﬂEJ')ﬂ’]J@l’)LLﬂiEj&l (Random Variable) @3UUIIRINITNIRBINTILNG

9

yosgyyImsunanludnwmzaneg ladoWadtuainanuiniuanuineziiy
. . . o : o a
(Probability Density Function: PDF) smLmﬂmanu"l,ﬂmugﬂLLuumsnszﬁnnL'ﬁaqw’uaa
syanausunuusdszsiie doldidunmaiiausuuudsassgygrusuniusiiadeg
° o o a
2.3.1 WwuS1aaIFYANMILNIRAR MU NUIIHLLIN L BEn
Duzduuvpesdggrasuniuinyldiesfige laoialdifienndaliy

qnmqﬁ‘uaaﬁafvﬁqumnwwﬁﬁaaﬂfnqm%qﬁ‘lﬁmm:auﬁummmwmaamnﬁfa:
tonw fussieniinldzarsgaumpinnmuliugungfiialiladayanmnwid

o ' =Y @ oo a o P , . \ & a
figa usnwildiinezifiadnygasuniuiisundt White noise Juan laszUuyumsifia
g aesinmsuanuasiuuimsdoudaauns

W

Pl2) = e O (2.1)

Iﬂuﬁ@'ﬁuﬂseiu Z WNWITAUAMUTNUBILES Z UWNHALRAD (Mean) 184
daulidu z usz o unusnEIw BN WIN ATV DIR Y ATUN I
2.3.2 wwusiassdITUNIMAT N TUINIRSLLLBNNAE
LuuResFygmIuMIRiTMILEnLIILULEIRER sansaudeanidu
2 gﬂLLuucﬂ”@f‘:
1) wwudsassygrmIunIuBuNaduuuLengl (Uniform Impulse)
fanuduresFyyIMIuNIUezagugd 0 fiv 255 lunsdniwuwia 8 iin
2) WUH80IRYQIMIUNIUBNWASULUY Salt and Pepper 1
amnuduzesdyasunmuaniu 0 wia 255 lunsdlnwaua 8 in

PDF 2adqyaasunindunasienldaiauns (2.2)

Fr FEY)e F)B)T,  iiommniwaiiu (1 —p)

d, fxe )T, dienmningily (py p)
N0 y) =4 (FEMr d. fFx)8)7, demmninzdl (pop)  (2.2)
FENr f6P)e DT ionamninzd (p3 p)

d, d, )T, ireamuienii (P p)



Tauf n(x,y) wnudynrmsuniu dauls d faddunad uaz p unu
anuinsnduresmafiasuauwIunIudunwad lag 1 =p+ p; +p, +ps + P, Uae
#8819 R,G,B 104 f(x,y) unuuuneuasnwilsznaudan Jues, I uaziniiu
MUNIA

2.3.3 uyudiaag Ty MsUNIRAANISUINLII ML U RANA 1B -
dunwad

s

= L 4 1 A o
Twusaniunistionaiadywimsuniulduinniimisrialunan
Weanu 1w iadnanasunsiuuindounsuiusu g mwsunIuduwsd natiie
[ a s :4 ] L
FUANUTUMUHRUN G ou-DunWasd (Yan, 2013) dvemidulUamuunudrnasassunis

(2.3)

(x.) f(x,y)+0’cy,y demmnineihuiiy (1 — p;) (2.3)
n(x,y) = g p .
d uq
lapfl o unudivasdygrmsunuiiinisuanuasiuumfdoud

s

wNa x, y e o2 unuanuulTUTIn Ut ¢ ﬁ'a@ﬁLLﬂsziuﬁﬁmSLmnLmuummms‘ﬁuuﬁﬁ
Aadprinnu 0 uazdawdsiunanengweinty 1 d unuddygiusuniuidnig
LANUIILVLBUNRH WAL Py Lmumwmﬂuﬂumaamnﬁmﬁmﬂtuﬂmmmuﬁﬁmnmmm
WUUBUWaE

2.4 AINTDINYYIHIUNIN

fanTesFugam (Fiter) LIudrUszanmardyy i mduunlng 147
“WINTDIRY QYW gnﬁummnmsﬂs:maNa’LuTﬂLuummﬁ (Frequency  domain
processing) mnUﬁamsmmé’rymuﬁm’luzhumwﬁ@mﬂ LB §InTeIRINHIY
(Lowpass Filter) azpaulddyanmanudessiuwlule é’ansaammﬁgomu (Highpass
fiter) soulwdygraanudgerdiwlule udu Famnhdansesdygrmanltlunig
m’am”uLLa:ﬁ%i’@é’tytyﬁmsummﬂmmﬁ"lﬁ%’umwﬁwz;m GINTOIRTYYIUIUNIU
o dansesdy g oudeiud uazdansesdyanadulawuanud luuiseils
anuaulaamzaansasdy o amBoRui deldaniusragiaansasBoRud lasuany

aa

foulunmstdasyormsunuluningang

]
a )

NSWAIWIAINTOIR N O LNaTAF QI MIUNIRUUUANT 9 Tn1sdnsuae

v v
e ]

panuUUAWRAINKANY IwiitaznannfivaansasAuguiuudng o uszaansasdug Almdu

wwanalumsnamddasimin tiash lugdnsasfiauninsdadygimsuniuuuy



v A4 1Y (% Y oA o . 0 ] ) :’ a
HaYle Gavsznavuals@InTaIned @anses Simple fuzzy UREMIIAIBITAANGIIUINUN

nnaawing uananiidildhiguemsiadedaay warheidugwlunmaiouiioy

1 ]
a =y a

U3Tmsdug Masldiiauaniugs

2.4.1 @In329ARA Y (Mean Filter)
ueaansassguimilsziimdiarodaisiasiianusudauias
Amuald S,, unwaavasinalwinladfussnmiddygimsuniu, glx,y), lasaue
a € o a a € A v
1a33ulafiriniy M x N TasRravesganinasinanzadiulad fa (x,y) danves
fygrmaiadoriimsdsznudinanin f(x,y) dwdnadvvasganiwluiuladn

fwuaAunlasioa S,, dansesdnaiodiouead

R 1
fan =32 > 960 (2.4)

(s,£)ESxy

2.4.2 @IN5090585% (Median Filter)

Wudnsassyanondiadfaudy TEnsdszanudmssifundimuadn
PoIRY N laiTeIfIaUaAANNLTYY aoﬁ;ﬂmwﬁ'agj'lu"‘m‘[ﬂﬁl,ﬁms:mmmmnfhnam
wiaAnaiTugn MnTeIltuIMUNUAIIaMwaRnawsasiulatisdszinm £(x, y)
s‘ﬁoﬁwmm"lﬁmnu"mgwwuaoqﬂmwvfmm'lu‘iuiﬂf FIFUMIT (2.5)

f(x,y) = mediang es, (9(s, )} (2.5)

2.4.3 @ans589 Alpha Trimmed Mean

#n3049 Alpha Trimmed Mean (Juuwrdaidasduasmmdadynim
TUNIUULUHNE 'Lum':uﬂawaomsﬁwmn’%‘mﬁw’fvLLa”'Je'i'mTagaaan"lﬂmammﬂumsaﬂ
fyanmIunuduwad e fimialulsznadiads Asansnaadyaimsuniu
GH ”aﬁﬁmﬁaay;s"auﬁ"ué’nujzyﬁmsumuuumnwﬁtfﬁuu

#2n784 Alpha Trimmed Mean Uszanmen f(x,y) ﬁandwmﬁlwmqﬂmw
lwaa g, (s, t) f’fial,ﬂummaoqﬂmwﬁ"l@ﬁ%‘mﬁ’m"vdwmwuwTu'l.u%u‘[@’fLLa"a Fafdruam
FNENVITAIIWIN MN — d 34 Iﬂﬂﬁﬂqmmwﬁ'ﬁmwmﬁuﬁaUndwﬁm”uﬁ' d/2 usz
'«gﬂmwﬁﬁmwmﬁugqﬂdﬂém"uﬁ MN - d/2 lwaulafaananmissuimdiady o

N384 Alpha Trimmed Mean ®ansafisnulaaad

(2.6)
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. 1
flx,y)= N —d Z gr(s,t)

(s,t)ESxy

2.5 Wi

2.5.1 Wadte

Wadloa (Fuzzy Set) (Zadeh, 1965) ifwisagnihanlfidaduwafiin

A\

g
a4

&

suuflanunguiaia ussnpuinmiadiamanindogidulidesinanzaunazdniunis
Audeyadszinni lungufioauuidy (Crisp Set) 8NBNULANEAIVDITANTZALANY

r-% = a - ] " A ] ) 9 s
Wuaudn davuanndnvesaanieliidusudnuasae deldsrasaiwnldnuune

v

v A8 [ o a = - ﬂi ~ ] a o L
gounIoile Seimsienaumdannuinadisauudladgnundii fnualdioe
Z = {z} sunBnvedsaiunuaas z 13uniae Z IanANTBIRIIWNEIIE (Universe  of
Discourse) Wardiaa 4 luioe z ugasquansmuzlddrowadsuanuidusundn

(Membership Function) #Iawaritugmanus wagisafoldausumsn (2.7)

wi(z):Z - [0,1] (2.7)

Toofi i (2) aovsrituanudusindnuesiadioe A

2.5.2 aawlsWad@ (Fuzzy Variable)

faulinsd (Fuzzy  Variable) n38@2ul3n111 (Linguistic  Variable)
(Zadeh, 1975) favatianlagrasszuniimatauls oot dmuald ‘anuge” 1
Fusweod m’uaa@’i"al,l,ﬂsw:n%ﬂmuga do (1, Yunans, g9} Sonirasnaessaulwed
Jnaulsa (Term Set) %agﬂﬁmm‘hUw"ﬁﬁfum']mﬂuauﬁﬂmauwia:mam‘m

2.5.3 Wanswaudnaa1sn (Membership Function)

wvaﬁfummLﬂuam%ﬂu%‘aw‘:ﬁfuqmﬁﬂwm: Qnﬁmuwifumuﬁﬁ‘hﬁm
ANzaILaazineuisa lasdanudanduuazariaiuanuiiueis Werduauu
gngnildlumalssnmanszauanudusangnuasudazinouioa Snauuul sz me
LW WLTILES LT Eﬂmumﬁlw gﬂﬁimﬁwmmyj wazuuufiszanmsnlaswsndudaiiias
g JUea s wiauuuim&dou iudn doluidudradrevessntunnuduaundn

sUuuuene g Afswihanlinuluszuuwed

O

aadia i
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1) Wantusudey wdsttuanudusnndnifoulsiuuan
lmzuumqumfw:ﬁ‘fm T,@mmaummﬁﬁmumﬁﬁ’]mm:awﬁq@w‘im@hLﬁmﬁ'ﬁ'ﬂﬁ@h
ANuLwguITNLYINNY 1 ﬂ"]éu‘] seauanudngungnezaaadluauanuriisannenii
mm:auﬁqﬂ‘lm%‘am fimnald a, b, ¢ 1duswanasolag G9 a< b <cuax z
UNURNITNUARZAIVDILONAWRIINRITE Z m”affuaumwaawuori(’ﬁ’uﬂ'nmﬂuamfﬁﬂgﬂ
mumasuamusarmueldesauns aoluil

a—z
-5 hma—b<z<a
Y — zZ—a
u@=141_ — ha<z<a+c (2.8)
0, nsfiau

L] T L

Trimf

| o |
L

o3
o
-
Lo
foud
3
Lt
P
£
=y
R
e
i
%
o
#
i

MWUTENauUN 2-2 WINTUaNuLRaY

A v o a A o o a &
ANANYTZNaUN 2.2 WIRTuanunasuLdafinue binindiaas

a=0, b=05 c=1aRinleind 0.5 duarfimanzauiilddranuidusandn

(%
= '

YNy 1 Lﬁaﬁuvgmagjﬁwmﬂmu AN TuFUITNITAD Y JRARINIANNTZ A

2) wvoﬁ"ﬁ'u?imﬁiwmwy‘ fonltluszuunadudnutasnin
Warumunasy lasfafiLanasanwantusunasa ﬁamﬁmm:auﬁq@lumﬁ’ﬁ'ﬁ:
azaglulunnvestai T,@ﬂmﬁmm:mmz;iuﬁﬂ:ﬁﬂﬁmmﬂmﬁuam%ﬂwhﬁ'u 1 fBu
uan'«a’\ﬂﬂ@:uf‘:ﬂzﬁmmwLﬂuam%ﬂa@m fiwualf a<b<c<d \@aa b, c d

o o

iudwawesole g aartusumaveswsitudindsuasnyauInivua ldasis
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(2.9)

-
-,
&3
o0
(=]
0

AWUsznaun 2-3 Waﬁ“’uﬁmﬁwmmg

ANNANUTENaUN 2-3 dwiTdeas a = 0.05, b = 0.45, ¢ =
0.55, d = 0.95 SuwﬂﬁaQIuﬁaq 0.45 04 0.55 azvilvaranutdugudnidw 1 ¢
Suvgmﬁagjiuanﬁaaﬁa:ﬁdws:ﬁummLﬂuam%ﬂaﬂmmmm:ma

3) Warduaaes ilunwsnsuanuiduanndnfisnuadloidula
U6 S fanwisznaud 24 Tasidumtnnaanusunwsainlawnlygsisudntidn

a v a v ¥ eo Xa ¥ 6 1 A6 o
LDILEW L‘YlaNLT@ﬂL%NWZ%Zl’ﬁWOﬂ“E%uﬂBE]’]Egﬂ']il’ﬁﬂ']%‘]]ﬂdé‘]‘ﬂﬂim@n\‘l ‘]LLR:L‘Y]@NL‘HG]‘YII"H

Tunsdszanananiw wudu dnuald a < b 1lie a, b 1iuswanedelag Wertuan

LR RINNIDREN LGN

S(z;a,b) = <

h z<a
a+b
ha<z<
(2.10)
a+b
e <z<b

thz>Db



MwUsznaun 2-5 Wanouil

o}

n

1} 1 I L L ] i

g A1 0.2 0.3 0.4 0.5 0.6 i

0.7

=
=]

MWUIEnauN 2-4 WanTuaLaw

o

4) Warwn@dou (unadduiidugyszadiain

an
lauanwzeIaNMT (2.11)

u(z) = ekKe=2’

=

7a]

(2.

¢

=

J

11)

gaussmf

MWUIENOUN 2-5 WINTWLNRLT

lagrimualvdl K = 1/202 Z unuAnadoved z ke o WnuaIndsiuuwnasgiv

2.5.4 N13ANBWBNIINVING BB

AANARNITUWNTTLraz A6 U AUNIIAR DA LN BHLTALAN LT

a = 6 byl dldy o e o = + c!l =) 1 o dv
QL%U‘H’ AULADILTNT I lu'ﬂm:mmuammmummqufmwmmamu A%

1) giilouvesnadiaoa A nu Wodioe B

A U B =max(y; (2),uz (2)

(2.12)
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2) duaasiantuvasnsdion A 1 Wodae B

A n B =min(y; (2),p5(2)) (2.13)

2.5.5 nYW%T (Fuzzy Rules)
luvSunvasuvvitnessd npafiouldazedluzduuuves IF-THEN
] ' ' “ i [ a '
(Cox, 1994) Gautveeniduaasdiuda (1) Uszwakfianunas IF 13un1 Antecedent 1w
dinaIdunavasuuuineIned uaz (2) dizwadfiaundd THEN \3undn
) 3 o oA a ¢4
Consequence Lﬁumwuammmmmuuumamﬂmfﬁ Antecedent 13Una8UTTWAUDY
A v o A o Y oAdae A ' [V o A A
iHoudadroaaiden luwuudaesnodddatenagaatdidionuie gillou (OR) uaz
BULABTITNTW (AND) G188t
lunsdhiBandan giilou
IF X is small OR T is cool THEN 'Y is positive

Tunsdidoude Suinasiontu
IF X is small AND T is hot THEN'Y is negative

2.5.6 WUVUS1a09WTF (Fuzzy System)

5%1/!(7’\LLa:LmﬁV‘iﬂ‘DE]OLL‘lJ‘]Jﬁ’]ﬂENWV‘D%L‘JjHGT’)LLUSWV‘H‘TII audsWadudazan
g1adildnauinauioa LLazﬁuvgﬂmw:ﬁ"l.@’fmnn'imﬁaﬁ'aLuhwymﬁi' faulsioduns
dwaiTaniidulinizyin Action Variables) %uﬂué’mﬂsﬁgnﬂs:mmmLﬁ'aﬁwvlﬂ'l’ﬁ
'lumsmuqm:umiavlﬂ ﬂ?ﬁ]"’yﬁﬁ’]ﬁ'ry‘lumsaammm:uuwusns‘fj‘ fa MItnuaausa
ra3dauliNTFudazainarsifiinaiaa 6’5\1@Tao‘l"ﬁﬂfn;ijw"ﬁwmty‘lm:umfuGj
LﬁalﬁLLuuﬁwaaaw:nffj'mmsnﬁwmu"lﬂ“lnﬁtﬁmﬂ'wamﬁLLﬂiﬂs:ﬁﬂﬁLLﬁa?amnﬁqm
nszvammatnauluiuudaasnadlsznavlUd e uaouasil

1) Fuzzify inputs: Lﬂum'zumaunﬁLLﬂao@mTaHaé‘uvgm‘lm’tﬂum

szauanuduanfnueudazinouLTa ‘fmﬁmaglwﬁaaﬂﬂ [0, 1] lasldWsrguainuidu
mngngniua lilungWad
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Membership function

. Result of fuzzify

IF food is

k

Term set

Fuzzy variable

MWUTENaUN 2-6 LEAIAI18EN1ITUAAUNNT Fuzzify inputs

[

NnAdsznaun 2-6 ﬁuw@maaszuuﬁﬁaﬁmﬂswsﬁ% food fimaulsada delicious
Wertuanuidusungnléviinisudssdrdunaliiduszduanusundnvesinenisa

delicious
2) Fuzzy Logical Operations: f,%'m{miwaumﬁvgmwia:mmaq

oA (Y o o A A . & P e ' '
Antecedent a:pnyautdudnfisddsddiiuns Max wia Min Juagnuiuaazsaugn
\Faudpduden AND wie OR  ewisylilungned dgnifandis OR  ezldan

ALiun1T Max Lwiﬁﬂgm%amﬁm AND 2z1Fa6 L Ann13 Min

Result of Fuzzy
0.7

Operation

» 0.7

0.3

|
. OR (Max
Service =3

IF food is delicious OR Service is good

AMWUIZNAUN 2-7 LEaIn28819TUABY Fuzzy Logical Operations
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nmwdsznaudl 27 Suvgmaas:uuﬁﬁaaaﬁw,ﬂiwu‘ﬂ“ﬁ faduls food dinauiwada
delicious a3 Service dinauisada good Iﬂm"ﬁLLﬂswvﬁﬁs‘Fj'vfoaawasLLﬂs"L@Tgﬂ
Fausseauton OR auinisldendiiuns Max Tunsnadzasndwaudazdinya
Antecedent i udL6e7

3) Apply Implication Method: Lﬂuﬂ’]iﬁ’nmﬁwmma Antecedent
luﬂngﬁnf%‘mﬁﬁmmmm’]ﬁvgmaongiaifuG] [Rgawitatandna Tavld@aidon AND Ay

INOILTAVD I IWDT LU Consequent AINLEAI I MAWUTzNaLN 2-8

Antecedent Consequent Single output

delicious

good high I

Rulel : IF food is delicious OR Service is good Then Tip is high

MWUTENaUN 2-8 URAIAIB8E19TWAaW Apply Implication Methods

4) Aggregation \Juduasumiraaanafildanngwodudazda
Tiunadisadeiiulaslddnsen OR asnwisznaud 29 ldugasnmsriaierdne
PoInYWoS 3 ToLdunadisadnIn

Result of Aggregation

Y

VAW

Rule 1 Rule 2 Rule 3

MWUsznauf 2-9 LaaIa0e19TuaAaY Aggregation
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5) Defuzzify output: Lﬂumgu@auq@ﬁﬁmtﬁa'lﬂ”l@i”l.awﬁvgmq@ﬁnj
Rosendon lasvinadiaaildandunan Aggregation  ¥NAIUIURIAIAIANTS
(Expected Value) 1036autsWesd lanld4% Defuzzification %aﬁag}wm #3DN191T% Max of
Min, Center of Gravity (COG) Liudu aanmwisznoudi 2-10 181455 coc lunsmen

ANARIIVDITZUY

Expected Value

@& coe Tip = 20

\

MWUsznauN 2-10 Alat9Twaaw Defuzzify output

v

2.6 AaWLING (Convex)

2.6.1 aauLIndiza (Convex set)

\waszgnifonitaawindloa fidoiile fliamasgala qluimatiu 1ia
mmﬁumaL‘fammhagﬂaaaﬁ;mlﬁa daumauﬁumafuﬂiﬁmaglfl,wnmfu (Berg et al,
2008) graghsanamdszneudt 2411 illarnuali Py \JugauuszwIy ussiae

Sy = {p1, P2, D3r - Pn} aéluﬂ?nﬂﬁgﬂamﬂu w@ S, uasulindiraiiosaniiiasin

fi’mmaoLéfumm%auqﬂaaaﬁgﬂlﬂGJ Tulga S, uad ﬁaumauﬁumaﬁuﬂ'@magj’l,um Sn

2.6.2 uldanyinaawting (Convex hull)

wWianuaewinduadiaa Spfenewindizandvmaidnfigaiiainisn
aseunguIaInuaildugunoTa S, 1o luAsaz @ suunudrosanwol CH (S,)

AINULENI LMWL TzNaUN 2-11

Po

So = {p1, P2, D3/ -, Do}
CH (S9) = {p2, P4, Ps, Ps, Do}

P2

Ps

PR

A wdsznau 2-11 wWasnumewing (Berg et al, 2008)
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[ 4 . .
2.6.3 323IAAAWLIND (Convex combination)

=3 a v/ dl ar a Q‘
mss’am;@maunnef WunmsmkasuLELduseI9a p Wonnaulszdnd
& MU uIuAaaaY LATNATINGEY @ IRUALYNAL 1 AgNUHaTINTIFUADULINT L6

FIEuNIn (2.14)

n

m= ZZE: api; :ZE: a;=1 (2.14)

n
i=1 i=1

Taefl 7 Aomsmaaganeuinduanfondunauand uaz p; Aeganidu
sndnuasgaifoniuaauand mnmwilszneud 2-11 90 py, Ps, Pe, Py Wuwn13393

anauindnmuwInldanime CH (Ss)

[~ aAa
2.6.4 Lﬂﬁanﬁuﬂaunn‘ﬁ‘lu‘[muu 2 N6

convex hull
160 142 135
140
120 106
= 100
‘»
S 80
€ > 47
£ 60 41
34 3 36
40
20
0
1 2 3 4 5 6 7 8 9
pixel

mMwisznaudh 2-12 LLa@aLﬂﬁanﬁuﬂauﬁﬂﬂﬂ@qu 2 9@

nnndsznaud 2-12 inualimenudiueenIn 9 90 wnueas
wa Sy = {34,52,142,47,36,135,41,36,106 } T@lUqﬂnwwﬁLﬂuLﬂﬁaﬂﬁuﬂauﬁﬂ%
ﬁaq@mwﬁﬁmmmlﬂm w9l CH(So) = {34,142,36,135,106} azmwazugaslitiuii
Q@mwmmﬁazﬁuq@mwﬁu‘lum Sy leranue Lfiaﬁmummmoﬁmﬁn‘l,ﬁﬁuq@mw‘lu

wia CH (So) %mmmﬂs:mm@hfgﬂmwﬁuﬂ Twiea Sg 1o
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2.7 ﬁ?ﬂiad-Simple Fuzzy Rule

Simple Fuzzy Rule (SFR) (Camarena et al, 2013) tiludansasneanuuy
nFmsuisadyumsunsLuurannslumsUszananaisensaies unuinislia
nIIE MU MIUMIULARzLUDUszanans S anu I uday dansed SFR 4
TuaawMIBLLIaandn 3 Junau As (1) TuaawnIdwImAINUTUINNTN (2)
FUITLAITIBINTN (3) Uszunmandnaaulaswiaiiafenisiinin aanses SFR

2 ' @ a v A = 2
Usznnanalagdatayganinanyszanmn lagldaannuinalnaifsedsansazdouniu
Twiulas 3 x 3, 5 X 5 w30 7 X 7 aenuaadlunwlsznaun 2-13 LLa@aﬂwsﬁaﬁayjanww
A v Aa 6
fopiuladawa 3 x 3

R G B
84 103 135|@19 39 6861 96 119
ER{ 37 104 14 B17 41 6969 86 117
AN 103 131 149M35 56 9983 94 127

(n) RGB R G B

(2)

nMwUszneufl 2-13 nWEIYU LENNA fidedayafidiunis (11, 36) Wuduenadiinig

UG

] 1
v a

6

fwam (n) mwduatvlaslddedayaluiulad 3 x 3 39N MINUUAT RGB (1)

A n‘ a € A a Qs ¥R v Aa [ d'
mwitRudygrasuniunsuimfdou-duiadlaslddsdoyaluiulad 3 x 3 0
FUAUILAIN

mwisznaudi 2-13(n) leuaasdraanmiluiulad 3 x 3 ﬁﬁoﬁagamn
MW LENNA 2141@ 150 X 150 9007 & leuaasrnanuidurasnad lulUuasuad (R)
00 (G) uazdiniu (B) mwdey lunwisznay 2-13 () ldusasdngamwluiuled
B % 3 ﬁﬁaﬁayjamﬂmw LENNA w899 nANFan sisunIwkaimfdon-dunadana

gunIn (2.3) lasdyanasuniwimafouimuaiEu dodunanasguyinny 5 uay

o eaa [l

Fygiasuniuduwadfidaauiiesidunesiiadyyissuniuvindy 0.05 ile

1
a a o v

WisuifputeyafiAndyyrssunIunsunUTaYadualy eWu Ty IUMIUNIY

v o
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s AL ovan T

m&doulddaraniznudaynaaniw ﬁ']‘lﬁmmwmﬁwamaoﬂamLﬂﬁiau"l,ﬂmnﬁaga
U lummzﬁﬁmumuﬂmmmuﬁuw”aﬁa:doNasiamoq@mwwhtfu mnmwdsznavd
2-13(1) WWURYQIMUIUNIUBINAS 2 A lULUUATUA eﬁommmvﬁwaaqﬂmwﬁﬁu
SUYIMTUNINBUNAFIALYINY 255 dolszoBunumuanfoavasiuaeuniainamu

2Yp4RINTBY SFR mn‘ﬁagamw"gﬂﬁ

2.7.1 DPWADRITTAIMIAIAN AR D

mgumauﬁtﬂummﬂmdﬁaylaﬁuvg@\ Adudrszauanudulidudiaany
dugangnvosudazinesiaa lagldwsisuanudusndnfismualilunndszneui
2-13 §In709 SFR  Amuasiulsdyaimsunindunsd Usznavludromanioa
(6,1 — 6} larmualit 8 ununanwanfidygmunudunad 1 — 8 unwnauisad
Liddyaasunmiuwdunad uazsuwlsenuassdsznavldsrsineuaa {gl, gM, gS}
e gL unuimamiwanMuASIEARIIN gM UNWNBNLTAAMNATEINUNNS UaE gs
WML TAANUARIETR InaniTauassutsnnuadsldusas i lunwdsznaui

214 §iunoanduavasmisnmsanudsaninlsznaudstuasusiss Ui
1) nsudasardunaliiiluinassazasarndsdygyim
sunwdunad Liavnaanes SFR vmsdszanmdnluinlas lavudazannwes
mwﬁﬁagﬂu%ﬂmﬁﬂunmﬂa{ Ltdﬁuvg@man:uuwyme‘ﬁiﬁaoLﬂuﬁi"lmuammi‘ ERUIER

wadnnaasiidusnarslasnsiuimIzuzn199aowal (Rank Ordered Distance

ROD) (Garnett et al, 2005) GIfIUEAIlUTNNIIN (2.15)

x = ROD4(F)) = ) Lo(F,F) (2.15)
2

€ o @

e F, = [FR, FE, FF]T unwanaesfimatszananadain
nwasananazadiulad luluudd RGB Taofii=1,2 3, ... MxNifla M unu
WML uaz N unuirwauaadudaesnw (m,n) unuinazedsgamuudazyaly
rRUEIIIRY e m=12,3 .., M uazn=123 .., N uac
Fy = [FR, FF, FP1T fanneeilndidusves F; wiulad neatmwlszneud 2-

o

13 Altuladowia 3 x 3 lumsUsznmdr lwiulad 3 x 3 Hunwed F; uss F; a9l

Fm-1,n-1) F(mn-1) F(m+1n-1)
F,(m—-1,n) F; (m,n) FE(m+1,n)
F(m—-1n+1) F(mn+1) F(m+1n+1)
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NMIAIUWIUAIAT ROD(F;) MOun156 %Iz osn193endng

nniaes F; nunneed F; Taslduasu L, asfiuaadluaunisi 2.16)
— R R G G B B
LolFy ) = max(FF — EFL IS — ELIEE —EZD @)

arotnsudastayadunalidudszavanudusudnluue
s as a o ¢ &S e a
AziNaNLrAL8In IR MIUNIUBUNAF lasdstayannwdsznauf 2.12(2) 1lu
a A I s
Aulad 3 x 3 Geflianaed F; (m,n) = [255,43,80] T Wuaagudnansluiulad Tas
Aiaannweiads F; Ao (m = 11,n = 36) uaz Fidugannlndifios F daniu

FUNIIT (2.16) FIUITHEN Lo (F;, Fy) leasil

|84 —255|] |255 — 255| ]136 — 255|

|F-R—F-R
|103 — 255| |136 — 255| |143 — 255]|

[|92—255| |255 — 255| |137—255|]
i 'j I=

|26 — 43| |41 —43] |61 — 43|
Ff—FfI=[|17—43| |43 — 43| |79—43|]
130 — 43| |60 —43| |86 — 43|

|63 —80] [94—80| [117 — 80|
|FiB—P}B|=[|7O—80| 180 — 80| |111——80|J
|90 —80| |87 —80] [118 — 80|

doeletenuata Lo, (F, F;) fa
163 14 118
Loo(Fl-,Fj)=[171 0 119]
152 115 112

dannvinnnsa1uItsh ROD(F;(11,36)) Tugunasi (2.15) 37n

Lo (F;, F;) laudansas SFR lamvuaen s = 2
x = ROD,_,(F,) = {0,14,112, ...,171}
=0+14+112
x =126

P Y % : 4 o
INNTFUNITN (2.15) Uz (2.16) lenaansfad x = 126 ez

1 A’ o a = d I [ o)
idlusrummmszauanudusandnuaanausa §(x) Sadunsiduanudugundn
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o a o 6 A ¥ & a
POUNBULTARY W UWIUNIUBUNRET ez 1- §(x) Fadunsritsuanudusundnvaaunay

e liddyyarunw leswsituanudusandnvasneuisait larinualinad

0, x < ky
o) = ; < 17
@ =g k<r<k @17)
1, kz S k1

flaeauds ky = 0.5 X ROD,, U8 ky = 0.6 X ROD,pgy tatifl
ROD,,4, = max{RODs(F;);i=1,2,3, ...,M x N} Gz daas1uIoe ROD(F)
ﬂsunﬂq@]mwﬁ“l@i” ROD,, 4, = 242 uazenuios k; = 121 @4 k, = 145.2 annguny

71 (2.17) inanusasansnsuanudusindnlaasnindsznoun 2-14

1

08¢

DBt

04F

Degree of membership

0.2¢

AMwysznau 2-14 msswimanaNuduauIBnadnausa §(x) wazinausa
1-8(x)

NEN ky WAz k, INBNLTA S(x) WAz 1 — 8(x) MwIniInua laainIw
7 2-14 UazEMIVA x N8 INITRIB AR RRA LT lugunnsn (2.16) x = 126

[
v o A

faNTnMmuwITh 5(x) laaadh
X — k1

Olx = =
(x=126) = =
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_ 126-121
T 1452 — 121
~ 0.20

uszinauLgai sy msuniuae

1-8(x=126) =1—-02 =~ 0.8

4} [ 1 v/ 1 v A
2) msudasitanimuaaianaaaiy iunsudasdianuiui
fumLA g UM UAMaNTAFYLIMWIUNIK §(x) lasmIiaanuamenuizning

wnmindidsenuganw F Frosuad L, Arwueliead
L,(F,, F;) = (|FR — FR| + |FF = FF| + |Ff = FP|) (2.18)

dadensudasarszauanudusindnluudazinauisanaian
wlsawass laslddeyaanaiwdsznay  2-13(2) i F; =[255,43,80] 7 Wna
(11,36) uaz F; Aoganwindifins F; lwiulad 3 x 3 3ansunisfi (2.18) druamie
L,(F, F;) ldeiadt

|92 — 255|  |255 —255| [137 — 255|
L,(F,F)=|184—255 |255—255| [|136—255] |+
|103 — 255 136 — 255| [143 — 255|
126 — 43| |41 -—43] |61 — 43|
|17 — 43| |43 —43| [79-43| [+

130 — 43| |60 — 43| |86 —43]
1163 —80] |94 —80] [117 —80|
|70 — 80| [80— 80| |111—80|]
|90 — 80] |87 — 80| [118 — 80|

Haazlel
197 16 173
L,(F,F)=1[207 0 186
175 143 193



24

o '

wen L, (F, F) vamnaanwludulafunfoesdrduandas’y
nn ievasen Ly (F, F;) MSssdauud dmualiidudiuls x, nddwnsndnua

¥ ] o o A a 3 v o v
iy m @ Gadansas SFR azimualddauds m = 8 an Ly (F, Fy) azld

Xmeg = {0,16,143,173,175, 186,193,197} ;

FNENNNAIVOILTA Xpy—g Qﬂﬁﬂﬂﬁwmmmmi:ﬁummLﬂu
sndnlundazinanisauasaandsanuaais Alvznavlddrawsnsuanuiduaundn
safuaaslugun (2.19), (2.20) uas (2.21)

1, x< a
—x 4
gH(xX) ={=—+=, a<x<4a (2.19)
3a 3
0, 4a < x
xX—a
, a< x< 2a
a
, 2a <x < 3a
gM(x) = 4a — x
P 3a< x <4a (2.20)
0, elsewhere
gL(x) =1-gH(x) (2.21)

w5 a lugun1If (2.19) Waz (2.20) FWTARIRUA AN a =
0.980 + 1.96 \le o faszausyaNmIunIuAimualiluasef 2.1 (Morilas et al,
2009) MnTayaluniwiszney 2.13(1) AfmuasidwdsiunanaIgIHvoITYYIH

€ A Ve o & a v
TUNIULNIRLDDULNITINY 5 @IUKITNAITHNN 1 ﬁ):vl,(ﬂﬂ'] o =50

a =098 x50+ 1.96
a=51.76
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@139N 2.1 Tayamsinuadvesauls o

adudosuwnaspuusssyaMIunwM@den | o
anufisavnnasgwegluang [0,10] 50
dmuflsaunasgnegluan [10,20] 100
anmilsaumnasgegluz [20,30] 175

Watha a ldunulugunisf (2.19) uaz (2.20) ARININRRUALNDULTA
gH, gM uaz gS NUNUANMIATIINUUIN, ANUARIEARINUNETI Uaz ANNATIENUED
uiey laineuiasng gasnwlsznauf 2-15

08
£ wmssmmsons (g H
&
£ 06 -
0.59 g e gM
F! 30".' EEEEE L
& g
&
A

@ﬂ 5 100 T sn A0 20
a 2a | 3a 4a
x =143

MwUsznauf 2-15 ugasmamuwadianuiduwaundnueanause gH gM usz gL nyth
x =143

NFUNITN (2.18) ATad1auaae iluaauls x,,_g t11RaN

x = 143 FuIuguIBnaINRINV0I Xpeg TATWIAIANUARIUVBIUARZLNDULTA LAY

=L
be
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" gH(x = 143) = —M3 Lt om
gHix = = 3x51.76 3

gM(x=143) =1
gL(x = 143) = 0.59

nmMwdsenauf 2-15 nmiawanatanuduandnluudas
WaNlTauaInLlIas 8N x = 143 Lﬁa@hmm@hmwmﬂuam‘ﬁnmamﬂqmmwh

sulad landn x Nsaandaanuaam ik lusnnaisa x,-q lanaansasit

mmmtﬂuam‘iﬂmaomammmmﬂﬁwzjo
0.06 1 0.22
gH(x)=|(m-1,n) 1 014
0.20 0.41 0.09
aNudnauIBnuanaNraaINNaa1 8 una

0.19 0 0.66
gM(x)=|(m-1n) 0 0.41
062 1 027
wazen NI RRIIENUBINB UL TR UAS LG
0.94 0 0.78
gL(x)=|(m-1n) 0 086
0.79 0.59 091

nnrsernImatanuaarsanuwlidnisdruimainnudy

(%

aEnfdumis (m — 1,n) iasan én Ly(F, F) Adneil W ldidusndnvaiae

Xm=8

a8

ﬂﬁaﬁnmmaoméhuﬂsﬁuvg@uﬁw:ﬁaoﬁmuﬂﬁau,ﬂs"uaumﬁvgm
Tovsmnaliarudsendanimindznevludauimanioafa vl unwinauiaadntig
fwnnet vM unwmanmadndsinninthunans uas vH WnuinaNLTasngtiin
W difuaaslugunisfi (2.22), (2.23) uaz (2.24) AUfIGL Warmualddiwniiaed
b =09 usz w; dasndrsinnindiunied i Wwaulad 3 x 3 dwsuaanudusnndn

maunauraldugad I lwnwdssnaun 2-16
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2) IF (1 — 8(x = ROD,(F;)) AND &(x = RODs(F))) AND gL(x =
L(F. ;) )
OR (1-&(x =ROD,(F;)) AND 1—6&(x =ROD¢(F;)) AND
gH(x = Li(F.F) )
THEN vL(wy)

3) IF §(x = RODs(F}))

OR (1 —6(x = ROD4(F;)) AND §(x = ROD(F;)) AND gH(x =
Li(FuF;) )

OR (1 —68(x = ROD4(F;)) AND 1—8(x=ROD(F;)) AND
gM(x = L, (F, ;) )

OR (1—8(x = RODy(F;)) AND 1—6&(x = RODs(F;)) AND
gL(x = L (Fy F) )

THEN vS(wy)

Pnngrsmuda ssAwidmsemalu IF fmaBeudetudnduion
AND 1az OR lageansas SFR Iafmuasiian AND #28 T-norm §audadau OR an
fruamaIiwnns mMsvndanuiaziidn

T-norm 38 Product T-norm iusadanfifieuldluszuuwed lasdfony
Iugunsf (2.25)

Tproa(@,b) = a-b (2.25)

S-norm $3a Probabilistic Sum Lﬁuﬁ":t‘?ﬂuﬁl‘f@lﬁ‘u Product T-norm
FUNIDAIUI AR

Lyym (@,b)=a+b—a-b (2.26)

oA s ) = a b‘d.
nngWoduadaansas SFR - santashanndouwduianingiugas
ANURUWBITIUN WY aI2WT LFunIun3ndiin Fuzzy Associative Memory (FAM) (Cox,

1994)
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naaf 2.2 daznavludsBunafadulsdygnusuniudawad uas
daudsanuasoni

Towsudsdyanmsuniwdunadazutauin
§(x = ROD(Fy)) unwnanady g aTunIuaRaduasgamnasanaslwiulad
1—6(x = RODy(F;) LmumauLmﬂvlmﬂuﬁmununmiumuﬁuvﬁ’aﬁmaaﬁgﬂmwmoﬂma
5(x = ROD(F;) unwneTasyumIunudaRaduasganwindifsdluinled

1-68(x = ROD,(F;) unwnauige lidudygiasuniudunasussaanwlndifes

fuaaudsanuaaunulzlsznauais

gL(x) UNUNBULTAANUATIAUGS
gM(x) Lmumam‘mmmﬂaﬁuﬁugaﬂmﬂma
gH (%) LNWNDULTAANUAT LN UG FaEaL

A

In EJ&JL‘]IG\"UE)GGT’)LLﬂSLFJ’]@TV!ﬂ fo

vS(w;) UNWNDULTARH AN
vM(w;) UNWNANLTAADIHIAUNLIUNENT
vL(w;) LNWNANLTAAEINIIRENAIN

A9 2.2 LLﬁE]\‘iLNY\%ﬂ’g FAM 28992UUMIN589 SFR

fmulsenuaieny
fudsdunad gL(x) | gMG) | gH()
8(x = RODs(Fy)) vS(x) vS(x) | vS(x)
s(x=ROD(F)) | T T=sx=rRoD,G)) | vSG0) | vS) | vS()
F &(x = ROD(F})) vL(x) |vM(x) | vS(x)
1- 60 =RoD,(F)) | T T 5Gx = ROD,(R)) | vSG0) | vS(x) | vL(x)
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] Y oA o a (3 A A
danndumsayaungwed Amuaiulad 3 x 3 Jyanwda

FFE(m-1n-1) Fi(mn—-1) Fm+1n-1)
Fi(m-1n) F; (m,n) Fi(m+1,n)
FFm—-1n+1) F(mn+1) Fm+1n+1)

Tan F(m,n) Aeganmndasdszaimdl uazganinindifosfie F =
[Fm—-1n—-1),F(mn-1),F(m+1n-1),. . Fm+Ln+ 1}

neratnuaaImsiwmianuduzindnuasnanisadi g 1iuaa
lwiadareuninda 6(x) , 1 - 8(x), gS(x), gM(x) uaz gL(x) saldazlidoyaseg f
Iadunliug  ausasdagianiseyuungWaduesniw LENNA - fiusaslily
awlsznauf 2-13(z) Teyadgfidruwimldainganin F(m—1,n) lianian
fwis et muaddnEniiesen d1 Ly (F;, F) fisiwimenyantw F (m —
1,7) lidusandnuaiaa x,-g Aanuduanifnvasnavisadig fazpniuugay

o

o At o &
a8 momiagmungwenfﬂum@avlﬂu

fvaInsuL T NUITUFYRIMIUNIK

0 045 O
8(x = ROD4(F;)) = [— 0.20 0
0 0 O

imaasaany liidudy g msunin

1 055 1
1-68(x =RODy(F))=|- 080 1
1 1 1
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MDULTAAMUARILNIRIUNDY AD

0.06 1 0.22]

gH (x = Li(F. F)) = { - 1 014
020 0.41 0.09

o

019 0 0.66]

M (x = 1, (F. F)) = ‘ — 0.41
062 1 0.27

094 0 0.78
gt ( =L1(1~'},Fj))={— 0 0.86}

0.79 0.59 091
frotamidummssnungsdlasimuald F; fagann
avnanadulatfifida (11,36) uaz yanwlndifss F (m—1,n—1) 183 F;
oA . P
nngWediauIn &uved IF A

IF (1 — 8(x = RODs(F;)) AND §(x = RODs(F;)) AND gM(x =

L,(F.F) )
Fazldenanudunsdluswssanglu IF WAL

IF (1 -6 (x = ROD,(F)) = 1AND (8(x = ROD(F)) = 0.2 AND

v

gM (x = Ll(Fi,Fj)) = 0.19 Fesmanleiait
1 x0.2 x0.19= 0.04

nnngwodTases sauvas IF aglujl AORB Tawi
A=IF(1 -8 (x = ROD,(F;)) = 1 AND (8(x = ROD;(F;)) = 0.2 AND gL (x=
L(F, F)) = 0.94

=1 x0.2 x094
= 0.19
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B=IF(1-6(x = ROD,(F;)) = 1AND (1 — 8(x = ROD,(F)) =
0.8 AND gH (x = Ll(FL-,Fj)) = 0.06

=1 x0.8 x0.06
= 0.05

uaz A AND B = (1 x 0.2 x0.94) X (1 x0.8 x0.06) = 0.01

¢ AORB = (A+ B) — (AAND B)
— 0.19 + 0.05 — 0.01 = 0.23

ngFafl 3 damwes IF agfluzl AORBORCORD
A =1F (8 (x = ROD,(F)) =0

B = IF(1— 8 (x = ROD,(F,)) = 1 AND (8(x = ROD;(F)) = 0.2 AND gH (x=
L,(F, F;)) = 0.06

=1 % 0.2 x 0.06

= 001

¢ = IF(1 - & (x = ROD,(F;)) = 1AND (1 - 8(x = RODs(F)) =

0.8 AND gM (x = Ly(F, Fj)) = 0.19
=1 x 0.8 x0.19
= 0.15

D = IF(1— 6(x = RODs(F )) = 1AND (6(x = ROD4(F;)) = 0.8 AND gL (x =

L,(F, F;)) = 0.94
=1 x0.8 x 094
=0.75

E=AORB
= (0 + 0.01) — (0 x 0.01)
=0.01

F=EORC
= (0.01 + 0.15) — (0.01 x 0.15)
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=0.16

[ %

favwngto 3 éuitk AORBORCORD Ieuaswieit

AORBORCORD =FORD
= (0.16 4+ 0.75) — (0.16 x 0.75)
=0.79

dflaandiued IF 209ngn3 3 Tade 0.04, 0.23, Uaz 0.79 aNEAL

v
o a

a9 nwn wyim—1,n—-1) TRURLTRL Fi(m—-1n- 1) uaz F(m,n) o
m=11uazn =36 waaalunwlszneud 2-15 Tageranuiingundni ldandaues
IF azgnﬁmu@mungu@iaxﬁa 15w ngTaf 1 argaathmiin wi(m — 1,n — 1) 3290
fmuaainnasiaa vM drpdtanudusandnivinny 0.04 ngaf 2 fntnatiawiin
wym—1n-1) Qﬂﬁmu@mmnmam‘n@\ vL drue1anudusuntn 0.23 Las nyTe
7 3 dndaetimin wi(m — 1,n — 1) ONHMUANIININBULTA VS R R GRRESIAN

fU1TN 0.79

0 0.2 0.4 06 0.8

1 weight
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1 0.1 0.9 1

Jy z1a(2)dz _ J, 20.79dz + [ z0.04dz + Jy40-23dz
! uzi(z)dz %1079dz + [°70.04dz + [, 0.23dz
0 0 0.1 0.9

wiim—-1n-1)=

0.00395 + 0.016 + 0.02185
0.0790 + 0.032 + 0.023

wiim-1n-1

wiim—-1,n—-1) = 0.37

arwuald ug unudranudugandndliiinuadrdiasiminaas
Lmﬁv!@\
MIfIwITAN AR RN aoq@mwSuﬁmﬁaﬁ‘lﬁﬁﬁﬁmmuuuLﬁmﬁ'u

| . ) 037 047 0.44
dadumnadulatazldnaansanmsswimesh w; = —  0.60 0.41

0.44 0.46 0.39

2.7.3 miﬂs:mmd'\ﬁmaufﬂsln'lsw'\d'lmﬁlmhmi'mﬁn

Lfiaﬁmuﬂmrmﬁmﬁfﬂﬁm{uLwia:q@mw’luﬂﬁ'}@mﬁr‘hé'aﬂs:mawa
W& ﬂfuﬂau@ia'[ﬂamﬂumsm@hLaﬁiumaﬁmﬁfﬂd’oaumsﬁ (2.27) arnnuali F; unu
ﬁ;ﬂmwﬁ i Tumshenafitidszanana uaz drdassiwmin w, aglutasia [0, 1] anw
fusznoduaning £ a:gnﬁﬁ"lﬂLmuﬁq@mwﬁﬁﬂé’aﬂszmawa’[wﬁ'}@m

8

8
F = (Z w; Fi)/ w; (2.27)

=1

— 0.60 041

0.37 0.47 0.44
w; =
0.44 0.46 0.39

a R

Fo =

(0.37x92)+(0.47 x255)+(0.44 x137)+(0.60 x255)+(0.41 x136)+(0.44 x103)+(0.46 x136)+(0.39 X143)
3.58

=164
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A G (037x26)+(0.47 x41)+(0.44 X61)+(0.60 43)+(0.41 x79)+(0.44 x30)+(0.46 X60)+(0.39 X86 )

Fo 3.58
=53
FOB =
(0.37%63)+(0.47 x94)+(0.44 x117)+(0.60 x80)+(0.41 x111)+(0.44 x90)+(0.46 %87)+(0.39 X118)
3.58
=94
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RGB = @ A
aaiw £ = [164,53,94] T dsndayanimyszneui 2-13(n) 30w
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ﬁ@hﬂmmﬂﬁauﬁuyﬁzﬁ 39

1 164] 104
Absolute ERROR = || 53 | — | 41
94 | 86

60]
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8 |
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AwUsznaun 2-17 LangANNLANAsasAiuszanlslag SFR
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T(ﬂzJmwwxlmmmaLLmLuaomnmsmﬂuﬂmmomvmﬂﬂ"l,umm:au I LANWAIU
nyasfRylszanSnInn I uTeIaInsay SFR Iml’ﬁlﬂﬁanﬁuﬂauﬁniua:
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2.8 11370 Ltazmsﬂiuﬁuqmmwmw

o Qs

'l,umsfmLLa:ﬂs:Lﬁuqmmw"ﬂaomwﬁﬁuamwuﬁaﬁu 1 T6274

2.8.1 Peak Signal to Noise Ratio (PSNR)
A o s a Ve 2 addq wve
PSNR @8 sasduasdynndasyanmsuniugege Saduitnldasy

anuiisulumsiagmnwyesnin PSNR gasondn lapltauns

(2.28)

MAX?
PSNR = 10 logs,

MSE

lasn MAX, ﬁamg\‘aqﬂmaoﬁagamw 1% 7MW RGB 211a 8 Iindgege

28378y aN WA 255 Uz MSE (Mean Square Error) fafanuRaNaIafIaIRe

M L
S > (e - F1an) (2.29)

j=01=0

@RIFANTOAIU mvl@Tmn qUNII

1

MSE =
NML

Mz

11
o

i

Taufi £ AonwEduativowia N x M x L 300w uazf Aomwiikw
myduamwawuda Inawdspillden PsNR lumadsadwlssntawluwadadygnm
UM

2.8.2 Mean Absolute Error (MAE)

MAE m‘?aﬂ'mmﬂLﬂﬁauﬁugstﬁmﬁ'ﬂﬁa AANNUANAITENINITBYRAT
waeenflaannisdszanm foushanldiaUszannmwlumsassnwinpazidoazasnn

dl + ! (] o v
fszunddnanng mminmmm‘[ml‘ﬁaums

MAE = + ZZZIV @) — Fran| (2.30)

i=0 j=
@1 MAE lﬁ‘lumsﬂi:mummmwﬂwm@lumsﬂsymmmﬁmmmmw

o v

WallSyusunumweawaly

2.8.3 Normalize Color Difference (NCD)
mnaasvaiuaaslunenRiaefuaainaluluead RGB anelsiaunis

uauﬁuﬁ’uaawuﬂﬂmmma%mUT@ﬂlﬂmﬂaﬁ RGB ¢ danudsdosltluiaadni






38

(@) Oppur = 2 (®) Oprur = 2 () Oppr =2

saturate X 1 saturate X 0.4 ‘ saturate x 0.1

(@) Oppr = 15 ®) Oppr = 15 (T) Oprur = 15

saturate X1 saturate X 0.4 saturate x 0.1

AwUsznaui 2-18 MWARAUTULAZATNNEIKNTARNDUAMNIN

ANTNA 2-3 LEAIANINNNTIANTTUT A UA83D QSSIM maamwﬁamqmmmﬁwﬁu

MWAUALY

2-17(7) 2-17(@) 2-17(3) 2-17(39) 2-17(a) | 2-17(%)

QSSIM 0.8983 0.8324 0.7801 0.6122 0.5594 0.5226
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2.9 wIsEMAgaTas
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Tull a.@. 2014 Faruk wazamez lavauadtTmIvdasyyimsuniudy
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Pasmulsdnnubunad iaaandasnuanudues mindratemsdwanduuni 2 9
L3 s a o ¢ o
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o o [ 4 =3
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W
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0 045 O
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1 055 1
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1 1 1
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F; (3 [) A = e ldld Qs e ;
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U

84 255 136

[92 255 137]
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nfanuduzIinvananese §(x) uam‘lﬁtﬁudwq@mwﬁﬁ QI RIUNINBUNRS
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ez §(x = ROD,(Fy)) = 0.20 < 1 — &(x = ROD4(Fy)) = 0.80 @slsigaaadasny
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a L3 =3 8/ as v dl o ] o A
anuiuass ndayaAuldfaanudrifidunis F; uaz Fo LIUSTY I TUNI® DING
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a

firumaaunaauanuiuaiy drenuduzandnues §(F,) uaz §(F,) andsgind

A4 1
[ % v A
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ananudylununaadsn fe
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danudumndnuasnauige lidusygiausuniuduned fe

1 0 1
1—6(x=RODs(F))=i1 0 0
1 11

MNToYATAUIAMN F, Fy uaz Fs idieanuidusandnues
moulga sy IUNIRBANad genduneuaaliidudygrasuniudunad Hudie
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INNIDRBNY danutdusguinmanisa gL(x) maaﬁmmw'lnamumﬂ
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ot wilij) = COG(Agg);
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137 136 73

LazFAN N UTaILRAI WU RA ALY A

115 128 110
121 136 80
125 130 85

guEnUaTa ImFree lmmuﬁﬁﬂzgﬂﬁmuﬂéﬁﬁ

a €

Tuupuduas aamw F, gnasdoindusygiusuniuduwad
ImFree(i,j,1) = {F,, Fz, Fs, Fa, Fs, Fe, F7, Fg}
Lwi’luuuu@?ﬁﬁmLLa:fIWLSu"L&iﬁqﬂmwsTmmé’y
ImFree(i,j,2) = {F,, Fi, F2y F3, Fs, Fs, F, Fy, Fg}

ImFree(i,j,3) = {Fo; F1; Fz; F3; F4; FS; F6) F7r FB}

3.5 MagnuAmsuhwiniesdussssuuiad
HaaramdgarudunadluudenuiniaTaudy viandeldazinued
daoﬁmﬁfmﬁaoﬁﬂmﬂnmmmfﬁaﬂf@hL@imﬁ"uﬁazgﬂﬁmum"lﬂuﬁau,‘l_ls we (i, j) 94
WWwiuladouia 3 x3 30mn dflmaﬁmﬁfﬂn’faaﬁm:gnﬁwmmhm:uuwy‘ns’fiz 173
YemesszuuNTEuisnanidn 3 Tuaan fa duaaufi 1 nsudasdunaiiudrnnu
Dumngnuaudssnanisaassudsied (Fuzzfication) Tumaufi 2 msagmuﬂgwusn
3 (Rule Inference) Lz Junaufi 3 Defuzzification Tmﬁswané’ﬂﬂmiﬁwmﬁo@ia"lﬂf':
3.5.1 Fuzzification Lﬂumgu@\aummﬂaaﬁuvgm"lﬂtﬂm:@'i'ummmmw

HuginSnuaudssinaNiTavastnlimed dansad RMRMN ldaautlsanuasoines
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< A

aLinn Lﬁaomﬂvl,ﬁﬁmwmmvuﬁzyryﬁmﬁuﬁaz«?@'foﬁaﬁmﬂluﬁrﬁaﬁ 3.4 U&7 AIUURI
u,ﬂaoﬁuwm'lﬁl,ﬁummmLﬂuam'?mmaaLwia:mamsmmawﬁuﬂsmmﬂﬁ'mwhifu

NnEuMIf 3.2) mMwuald F WnwaniaasAingsszuaanada
q@mwﬁﬁﬁ@ Fyweoiulafluudazuuud usz F fAeanteadindifinives F ARn®
fwna Fy, Fp, F3, ..., Fg sudeude k=1,2,..,8

FF=W(i=2,j= 2,Band = 1:3)

FF=w(i=13,j= 1:3,Band = 1:3)
andratelwiada 3.1.1 lunsdidl (1) NNATINGW Fy fa

F, = [0,152,136]"

€

A o A

ganwindifgsfiaai

F, = F; (i =1,j = 1,Band = 1:3) = [146,90,115)"
F, =F (i=1,j=2Band = 1:3) = [198,128,118]"
Fy = F;(i=1,j = 3,Band = 1:3) = [206,130,110]"
F, = F;(i=2,j = 1,Band = 1:3) = [174,117,121]"
Fy = F;(i=2j=3Band = 1:3) = [197,98,80]"

Fo = F;(i=3,j = 1,Band = 1:3) = [204,137,125]"
F, = F;(i=3,j = 2,Band = 1:3) = [211,130,130]"
Fs = F; (i =3,j = 3,Band = 1:3) = [174,83,75]"

myfannuadetusznitsnaadindides F; fuineas  F udaz
dunisluinlaflaslddnasy L, Admualiluaunis (2.18) Tapinualia1a9a7

W m pesENMIRNL 9

%y = L1(Fi, F; (i =1,j = 1,Band = 1:3)) = |0 ~ 146] +
|152 — 90| + |136 — 115|

%,y = L1(Fi, F; (i=1,j = 2,Band = 1:3)) = |0 — 198] +
1152 — 128 + |136 — 118]

xgey = Ly (Fi, F; (i = 1,j = 3,Band = 1:3)) = |0 — 206| +
|152 — 130] + |136 — 110|

X(F) = Ll(Fi'F}' (i=2,)= 1,Band = 1:3)) =|[0— 174| +
1152 — 117] + 136 — 121]

X(Fo) = Ly(F;,F;(i=2,j=2Band = 1: 3))=10-0| +

|152 — 152] + |136 — 136|
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X5y, = La(Fi, F; (i = 2, = 3,Band = 1:3)) = [0 = 197] +
|152 — 98| + |136 — 80|

Xro, = La(Fi, F; (i =3,j = 1, Band = 1:3)) = |0 - 204| +
|152 — 137| + |136 — 125|

%5, = Ly(Fi, Fj (i = 3, = 2,Band = 1:3)) = [0 - 211] +
|152 — 130] + 136 — 135|

Xy = Lo (Fi, Fj (i = 3,j = 3,Band = 1:3)) = [0 — 074] +
1152 — 83| + [136 — 75|

A o
Faaz e

197 16 173
X(ry o) = La(Fi, Fj)=[207 0 186
175 143 193

@1 x Nlganauns (2.18) ﬁaﬁuw‘mﬁﬁaaLnJmLﬂuﬂ"lmmLﬁuam%nmaa
' o Y A Y A
Ldasinautsaaidanlsnnuade 4edsznavlddin 3 inouwa da ghigh(x) ,

Imea(X) W82 Giow (X) Ssitnulugauns (2.19), (2.20) Uz (2.21) MUEGL
naumn (2.18) Aasanuasolilududs x ulan x, ) = 143
o 1 v 1 8/ v A’
AR UENANN AR BV DILFREINDNLTE LRIk

—143 4
ghigh(x = 143) = m+§ = 0.41
Imea(x = 143) =1
Jrow(x = 143) = 0.59

LY

Lﬁaﬁﬂmmmmﬂmﬂuam%ﬂmamﬂﬁlmmw'l,u"’m‘[wf 1eHaansaad
dnanuduaninueanausan AR ILES

0.06 1 0.22
ghigh(x(Fo:g)) =10 1 014
0.20 0.41 0.09
danuluganinuadnaNraaNuaa s NN

019 0 0.66
gmed(x(FO:S )) =10 0 041
0:62 1 0.27
LRz AT RENI TNV ANV TAANVATILAN

Giow(Xre)) = [ 1 0 086

094 O 0.78]
0.79 0.59 091
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3.5.2 2@ 9w Rule Inference NMIANUWIUAIT RN UNAINTEI RMRMN

Ieeenuuungwadlimatansd laoimuald

Rule? = IF giow(x = L1(Fi, Fj) ) THEN Vgman(Wy)
Rule2 = IFgmeq(x = Ly (F; ,Fj) ) THEN Upeq (Wi

Rule3 = IFgpign(x = L1(Fi, Fj) ) THEN vigrg.(wy)

nnngWoduasnanses RMRMN  sansaiunidomduiunindfiuaas

AMURUWRTTINAUDBIAIULLS SaniunSngiin Fuzzy Associative Memory (FAM) le
A9%h

{ = o o
Gﬂi']ﬂﬁ 3.2 HEAAUUNTNY FAM Y9955 UUAINTDI RMRMN

Mmlsanuenenu A09VUN
Giow (%) Vsmau (W)
gmed (x) Vmed (Wk)
ghigh(x) vlarge(wk)

tnualidudsBunafa Similarity Ussnausmioinauisa  giw (%),
Gmea (%) URZ Ghign () UNUINBULTAANUATEAUAT UIUNAII UAZANWATIDNUEY
ANEIAY uazdaulsiendnafa PreWeight Ussnaudioineniaa A8 venan(wy),

Vmea (W) UAZ Vygrge(Wy)  Unmimanimasndanhminidesdutos Uuwnaie uszann

[ a

MUEIAU AINReNNIURNNIA (2.22), (2.23) UBL (2.24)

[

qednnsdwimnsenuungwed laoiwualild £, Aeganinaess

o~

naviuladfifine (11,36) uaz 3anwlndides F_

nngWsGTausn §mvad IF Ao

IF glow(x = Ll(Fi;F}El) )
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ﬁa:vl.ﬂ”mmwmﬂqu“ﬁludmmaom@ﬂu IF LYinnu 0.94

L g

o A : .a
mnngw‘nwamaa ®IUUDI IF A

IF gmed(x = Ll(Fi'Fj=1) )

ﬁﬂ:"l,@’fmﬂa'lmﬂuvdfﬁ%lumumaom@ﬂ.u IF YNy 0.19
IINNYWTTTDNFY §IUV09 IF A

IF ghigh(x = L1(Fi,F}'=1) )
ﬁﬂ:vl,ﬁmmwmﬂuw‘:né‘fi"luﬁ'mmaoLv\v;fl,u IF 1Ay 0.06

),
* ~

dfiledanaiuuad IF 1a9ngva 3 Tade 0.94 , 0.19 uaz 0.06 MURIAL

@ H
=4

fndatininifiosdu wi(i = 1,j = 1) ifwiunn F uag F; dom=11uazn = 36
waaslumwdsznaudi 3-3 lapdranudusundndildangiuves IF YNTAUNAINNG
ueiaza LT ng’ﬂ”aﬁ 1 fndasiminidasdu wi(i = 1,j = 1) zgnimuaaninauisa
Vemau (Wi) @1fanudusunBnivinnu 0.94 ng"ﬁaﬁ' 2 ndaatinwinidaadn wi (i =
1Lj = 1) gnfimuaanaininauise vmeq(wy) dredanuiiuaundn 0.19 uaz nytaf
3 retwinidesiu w(i=1,) = DONAIARANINNDULTR Vygpge (Wi )8

anuviluau%n 0.06
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Usmall (Wk) Vimed (Wk)

Jwannan

ATAITHL

] 0z 0.4 y n,ltl.B 0.8 1
AN IAUNLU B IR

ANUSZNaUN 3-3 wamINTS Defuzzification Inald35 center of Gravity

MNNMNUIZNaUN 3-3 e2uls Strl, Str2 waz Str3 AaNwNEIUNLILN
YDINDULTA vS , vM Uar vM aNEeU N §N13INNIZUIUNNT Rule Inference KaI3N
BTN ITINARAUS I LS nInuaAu I luaaus

Agg = area(Strl) + area(Str2) + area(Str3)

1a ﬂﬁ‘uﬁﬁﬁ]zgﬂﬁﬂﬂﬁﬂmm‘[um”mlau Defuzzification
3.5.3 2u@an Defuzzification INMNAWUIzNAUN 3-3 USLIMALILINAD

fufltlunsdszanmddoiinmn wi(i, j) NImMIswIaad

1 0.1 0.9 1
J, zuz(2)dz _ Jy 20.94dz + [ | 20.19dz + [, 0.06dz
L ui(2)dz %10.94dz + [*70.19dz + [ 0.06dz

o FA 0 0.1 0.9

wi(i=1j=1) =

gy 00047 4 0.076 + 0.0057
wi(t=1j =1 ~ = 0152 + 0,006

wi(i=1,j=1) ~ 0.40



56

Wermuald gz unudranuduangnveiardna mduamenag
ininvaamuaunindeAliifaminuunidoaniu edwrnnyiulafazldnadns
0.40 0.97 047

IMNMIFIUITAAITE wy = [0.04 0.97 0.45]
0.47 0.50 042

2 %/ v v

Lﬁaomn'ﬂ”umaufﬁﬁﬁﬂuqu@mwﬁqnmmas’ AINUAIDIIMIRINL T BINU

P o a AN o = [ o ' (=)
Wy (i, ) NN m’gm@mnhuaﬂmmmﬂm DU LUUARELUUA T

-3 L] 1 ‘e’ L% 4‘3’ v
3.6 msﬂsuﬂ‘;qmm\mmumuamu
luduaauttandunisdivdgsdrdrisihmindesdu w, Adiuamldann
& o o A & o & o 4 ¥ Y 'Y =
Auaaud 3.5 lasltiianlutilasduainiuaani 3.4 Tashdrhminfsudsaud axfy
Wiludauds wy (i, j, Band)
L?i’auvlmluﬂ'lsﬂ%'uﬂ;oehmoﬁn'ﬂﬁn Inmymnua liaah

IF Fy, € ImFree(i,j,Band) Then
w;(i,j, Band) = wi(i,))

Else
w;(i,j,Band) = 1 —wy(i,))

PNA88191uRTE 3.1.1 TunIdiaA (1)

TWuuudauns F, € ImFree(i,j,1) ewinw;(ij,1) = 1 —we(i,j)

1-040 1-097 1-047
w;(i,j,1) = [1-0.04 1-097 1-045
1-047 1-0.05 1-042

0.60 0.03 0.53]

w;(i,j,1) = [0.96 0.03 0.55
0.53 095 0.58

Tuwwuddidon Fy € ImFree(i,j,2) aviw w(i,Jj,2) = wi (i, j)
0.40 0.97 0.47]

w;(i,j,2) = [0.04 0.97 0.45
0.47 050 0.42

Tuwuudaingu F, € ImFree(i,j,3) e w;(QJ,3) = we(i,f)
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0.40 097 0.47
wi(i,j,3) = [0.04 097 0.45
0.47 050 0.42

NNA0EURITD 3.1.1 nIWN (2) Mdrvimnnidasdu fe

Twuunudduas F, € ImFree(i,j, 1) aoinw w;(i,j, 1) = wi(i,j)
0.53 052 0.56
w;(i,j,1) = [0.54 097 0.58
0.97 053 0.59

luwuuaddon Fy, € ImFree(i,j,2) ainw w; (i, 7,2) = we(i,j)

0.54 0.97 0.58
0.97 0.53 0.59

0.53 0.52 0.56
Wl(l,],2)=

Tuuunddiniu F, € ImFree(i,j,3) et wi(i,j,3) = wi(i,j)

0.53 0.52 0.6
w;(i,/,3) = |0.54 0.97 0.8
0.97 0.53 0.59

URZANENE19lWRTa 3.1.2 dteininidesdu Ao

0.51 0.97 0.03

0.52 0.51 0.03
Wi =
0.50 0.54 0.03

Tuuundduas F, € ImFree(i,j,1) oanw;(i,j,1) = 1 — wi(i,))

1-052 1-051 1-0.03
w;(i,j,1) = |1-051 1-097 1-0.03
1-050 1-054 1-0.03

0.48 0.49 0.97]

w;(i,j,1) = [0.49 0.03 0.97
0.50 0.46 0.97

lwwwuesden Fy € ImFree(i,j,2) savwm w;(i,j, 2) = wi (i, f)
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0.52 051 0.03
w;i(i,/,2) = [0.51 0.97 0.03
0.50 0.54 0.03

Tuuundgingy Fy € ImFree(i,j,3) aoin w;(i,],3) = wi(i,))

0.52 0.51 0.03
wi(i,j,3) = |0.51 097 0.03
0.50 0.54 0.03

<4 =t 1
3.7 taamansuszanuan
lutueanfiiunisaafulaitarrdszurudidraaudqodiady Alpha
Trimmed w3afnadudrsiminufenfuaeuing lasmhddasimin w;(i, j, Band)
a0 9 & A A o A A o o a '
Admimlaaniuaand 3.6 suduwdsululunisdadule Warwueld Th unudauss
Y3099 mun w; (i, j, Band) Goodset unuisavaIganIwiignitnuasidanin
nniliendy Th uazaauds Car (Cardinality) WnuSTUIRIUNENVILTH Goodset
™ F, € ImFree usz Car =1 @2n389 RMRMN 3zaaduladn as
Uszinmardiaauesinla i uuundanu a2odLa8s Alpha Trimmed itasannluinlas
Hawrasunawldnuiuiuainin 3917 Alpha Trimmed Mean #3utszanmienldeue

[ 3

tn Car < 1 %:'I,fﬂ'wmﬁUmoﬁwﬁ?ﬂmaaq@mwﬁtﬂmﬂﬁanﬁuﬂamfmsﬁ'lumsﬂszmmm
fidannsdiwizlwinladi)saanudygrasunivegun
3.7.1 @ade Alpha Trimmed

flade Alpha Trimmed ffguadauns (3.4)

Car—k

1 ..
m.z Goodset(i,j, Band); (3.4)

AlphaTrim( Goodset(i, j, Band)) = c
i=k+1

[
s

Warkmuald k = Car x (a)/2 uazdauds a agluga [0,1] Tagsnas
swnltlunmesesfie @ = 0.35u8z Th = 0.9

navedluiate 3.1.1 lunsdia (1)

(= P A 1 % Qs ﬁ' Ia [

luuuudsues F, ¢ ImFree(i,j, 1) 33lizaaasasnuidonlofidinuals
RISz dRaLa8s Alpha Trimmed

lwwundfden Fy € ImFree(i,j,2) Waz Goodset(i,j,2) = (42,43}
A a0 4 ¥ A . o & o 9 o
Saduganwidrdaanimidnannir@eutis Th = 0.9 ety Car = 2 Femaandaany

Raulanivmueld daiudatszanadrdanduads Alpha Trimmed
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5 035

X7
35
0.35]

Il
oz o N

k
k
k
k

AlphaTrim( Goodset (i, j, 2)) = ;10 YD1 Goodset (i, ], 2);
AlphaTrim(Goodset(i, j, 2)) = Z—io X (42 + 43)

AlphaTrim( Goodset(i, j,2)) = 42
OutputPixel(i,j,2) = 42

o & o A = ¥ o &
e luiunamdsifldidaaufa 42
Iuuunddiuin F, € ImFree(i,j, 3) uaz Goodset(i,j,3) = {94,80}
A A 4 o ' ' o & a
‘naLﬂufg@mwv]mmamuunmnmwﬁmma Th = 0.9 a3 Car = 2 lauguEnvad
A Y o A a . v oo & & Ve ' o .
VI SIxaaAaaInUIan lufit e 1Y aaudsltzanuddlndiads Alpha Trimmed

035
2
.35
0.35]

~x A A
I
O'_O N

AlphaTrim( Goodset(i,j,3)) = ZL Y- ) Goodset(i, j,3);

i=(0)+1
AlphaTrim = 87
OutputPixel(i,j,3) = 87

aavnluiunaarinduislddndranaude s7

Ne28819luRITe 3.1.1  luniaii (2) 7 SFR  Yszunaddieeuld

v

=[113,21,117] T RMRMN sansadszunouen laaad
TuLUnARUAS Fy € ImFree(i,j, 1) uas Goodset(i,j, 1) = {96,107}
A d' 1 1 3’ a ] 1 s o‘: A [% Qs
‘naLﬂuﬁ;ﬂmwm’m'somﬂunu’mmwwu,tuo Th = 0.9 a3uu Car = 2 TIRaAA[AINY
Wanlafirinualy aenudsdszunudraiuediade Alpha Trimmed

0.35
2
.35
0.35]

I

I
Il
O'_O N



60

AlphaTrim( Goodset(i,j, 1)) = ﬁ Zizz_((g))ﬂ Goodset(i, ], 1);

AlphaTrim(Goodset(i, j, 1)) = z_io X (96 + 107)

AlphaTrim( Goodset(i,j, 1)) = 102
OutputPixel(i,j,2) = 102

At lunluna eIt tandanauda 102

luwuuasilian F, € ImFree(i,j,2) uaz Goodset(i,j,2) = {26,30}
4 A ¥ 'Y oA ' o & A o o
mLﬂuQQmWﬂmmamv&unmnmw@LLm Th = 0.9 a3uk Car = 2 TIRDAANDINY
Wonlufsmualy asiusiszanudidlrodanade Alpha Trimmed

k=2 x%
k =0.35
k =10.35]}
k=0

AlphaTrim( Goodset(i,},2)) = ﬁ Zf;((g))ﬂ Goodset(i,j,2);

AlphaTrim(Goodset(i, j, 2)) = 2710 x (36 + 30)

AlphaTrim( Goodset(i, j,2)) = 28
OutputPixel(i,j,2) = 28

aoiuluuuuadidodaldidinoudo 28

Tunuudddniiu F, € ImFree(i,j,3)waz Goodset(i,j,3) =
{83,152} %\1Lfluqmmwﬁmmaﬁmﬁnmﬂﬂ’h“ﬁﬂu,u'a Th= 0.9 ¢3%% Car = 2 44
ganadasnuanlufirwualy aniudaszanmsndanaads Alpha Trimmed

k=2 xo'zﬁ
k =0.35
k =10.35]
k=0

AlphaTrim( Goodset(i,j,3)) = z—io- Zf;(((?))ﬂ Goodset(i,j,3);
AlphaTrim(Goodset(i, j,3)) = ﬁ X (83 + 152)
AlphaTrim( Goodset(i,j,3)) = 118

OutputPixel(i,j,3) = 118

as n‘: € A = Lol o =
aanwlunuusadendslgardaaufa 118
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o & -~ A v
aatu F; =[102,28,118] T dandayanwilsznay 2-12(n) 300 IWATY

nanadulaindnunie (112,57) fie F = [215,147,137] T WaifSuuifinuudazuuuasaz

1027 102
28 |— | 25

118 65

0
=13
53]

IMAIDLHNNITAIUI T 'Luu@ia:uumfa):ﬁmﬂamLﬂﬁauz?ugirﬁ@‘hndﬂ

I A s € o .:
umﬂmmﬂaauaugsm AR

Absolute ERROR =

aszanaudinauuaaInad SFR
naredaluiate 3.1.2 lunuudduns F, € ImFree(i,j, 1) Galu
gaansasiuionlufimnualy aniusolivszanmendudady Alpha Trimmed
luwundidon F, € ImFree(i,j,2) uas Goodset(i,j,2) = {152} 49
Lﬂuqmmwﬁmdfmﬁmﬁﬂmnn'ﬁﬁﬂu.u'a Th = 0.9 e9in Car = 1 S9gaandasny

Waulwfidnuald danudsdszanudrdmsaiiade Alpha Trimmed

AlphaTrim( Goodset(i,j,2)) = ﬁ Z?;((g))ﬂ Goodset(i, j,2);
AlphaTrim(Goodset(i,j,2)) = — X (152)

AlphaTrim( Goodset(i, j, 2)) = 152
OutputPixel(i,j,2) = 152

aanuluwunemdadldadaaufa 152
d:’ =) . . s ‘d
lunuuaaviuwin Fy, € ImFree(i,j,3) uaz Goodset(i,j,3) = {136} T4
dl 1 1 :‘ Lo 3 1 a G‘: A e/ O
Wwgamwiiddasdminuinnindauds Th = 0.9 daiu Car = 1 SIxeandodIny
Wanlafimwuald aanudstszunmarmudiaiy Alpha Trimmed
0.35
k=1 X T

k =0.35
k =10.35]
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k=0

AlphaTrim( Goodset(i, j,3)) = ﬁ Zg;((g))ﬂ Goodset(i,},3);

AlphaTrim(Goodset(i, },3)) = ﬁ“o x (136)

AlphaTrim( Goodset(i, j, 3)) = 136
OutputPixel(i,j,3) = 136

At uluuuna RISl Tandaoudo 136

3.7.2 @hmﬁlﬂdaa£1nﬁntﬂ§anﬁ:uﬂautan°ﬁ’

lunsdifidvas Car <1 w38 F, € ImFree(i,j, Band) #ansas
RMRMN fﬂ:ﬂs:mmﬂ'wﬁmauﬂ”ﬁUﬂ"]mﬁ'umaﬁ'mﬁnmaaﬁmmw’lu’iﬂm{ﬁLﬂutﬂﬁanvfw
aouind nszaumsewsanniianganmluwinle i lidudygrmsuniwduiad
vAvhluaauds G (i, j, Band)

@iamv‘hmiﬂ“@Lﬁaﬂ'«g@mwﬁLﬁuam%nmaamﬂ G(i,j, Band) uazd
ausudfidufenduaawing Fnsdwimmifaniuasulindmunndiuldlu
(Bert et al, 2008) WA lRaLUT ConvSet(i, j, Band) LmuLfn@mmq@mwﬁLﬂmﬂﬁan
Wunauwling uaz Weight(i, j, Band) unudndasimen w; (i, j, Band) maaq@mwﬁ'
\usandnluiga ConvSet(i, j, Band)

\aldisa ConvSet(i, j, Band) uia Yrzanmafnaussaiaiyag
iminvassangnlwae dafiienliluaams 2.27)

nneagnaluiate 3.1.1 unsdif (1) TuuuudFund

ConvSet(i,j,1) = {92,84,136,136,143}
Weight(i,j,1) = {0.60,0.69,0.51,0.55,0.58}

92 X 0.60 + 84 x 0.69 + 136 x 0.51 + 136 x 0.55 + 143 x 0.58
0.60 + 0.69 + 0.51 + 0.55 + 0.58

Fi(i'j; 1) =
F(i,j,1) =113

IafwImaais it dldszunméiaaufo 113
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o & o i 9
anu F; =[113,42,87] T Seantaysmwiliznay 2-12(n) 0MWAT

nansduladfisnunis (11,36) fa F = [104,41,86] T \flaiSuuifisuusdssuuudgezden
113 104
42 |- | 41
87 86
9
=1
1

INNAIDEHIINITAIWIT ’l.uu@ia:uuuﬂ‘i):ﬁdmmﬂLﬂﬁaué'ugmfs‘hn'h

O

ﬂmmﬂﬁauﬁugsrﬁ 39

Absolute ERROR =

Muszunufaauve9aINTad SFR
NNaas19 lwiITa (3.12) THUUUAFULAY
ConvSet(i,j,1) = {146,211,206,197,174}
Weight(i,j,1) = {0.48,0.46,0.97,0.97,0.97}

146 x 0.48 + 211 x 0.46 + 206 x 0.97 + 197 x 0.97 + 174 x 0.97
0.48 + 0.46 + 0.97 + 0.97 + 0.97

F@Gj1) =
Fi(i,j,1) =189

Waduwimanadteinnn ddszanudiaaufe 189

v
Qs as

~ 4 9
qouu F; =[189,152,136] 7 Janndeyaniwiiznay 2-12(n) 10w
asInasinlaindnunie (43,12) fe F = [215,147,137] T llaifSouifinuudasuunad

[

a:ﬁ@hﬂmmﬂﬁauﬁwgszﬁ 3%

215] 189
Absolute ERROR = ||147]| — |152
1371 136

267
=5

1.
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SR unuss SER usa Absolute ERROR #ile1n3% RMRMN

PNANTAN I IATIERURZ D NULUDITNNITNIA FYYIUTUNIRLU NN
imEEou-sunad AlduaasliiFudeiifmansossiamnaanios SFR I¢ wiaunauaas
wndalumavamneansas RMRMN talildndaiminfimanzanlumstszuimei
@ansas RMRMN laudsnweaniduiuladaua 3 x 3 aanmwuazyimsdiwamenday
ﬁwwﬁnﬁmm:auﬁm%’uLL@iazqﬂnwwluﬁuTﬂf etz mddyarmnwlndunu
ﬁzytyﬁmmmﬁuﬁgﬂaﬂﬂauqmmweﬁyﬁnumpmmmu Tuaauiiniarauasfangad
RMRMN Liiaaniilu 4 Tuaaufia 1 MInsesufygrasumudarad uaoufl 2 m3
smmadrsiminidesdudorzuonsd duaoud 3 msﬂ{uﬂ;amrmﬁmﬁnLﬁaaﬁu
duaaufi 4 @andatlszanman dudads Alpha Trimmed wiadladnnaiminilden
wunauing lasluundaliaznantonanimassdlumsidadyaimsuniuiuunay

€ a a o € o a o a A
LPNRLDEU-BUNAR IG\ULﬂSUULﬂUUﬂU@’)ﬂiaGau‘J
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uUnn 4
HANIINAADILAZIDITOL

4.1 qmﬁaa‘gamﬁ‘lumsnmaaq

fmsunInasaudwaouItiiniauaazlTnws LENNA,  BABOON,
JELLY BEAN uaz HOUSE 93 1uTaua SIFP (USC_SIPI, 1977) asnwilsznauf 4-1
(N) = (9) MUAGD MwdnaTua kIR A UTUNIBLUUREM @ Fou-BUWa T
a8 IUVIFL A MIVNIBUANAINY lagauiiasiduuesnsiias QI IuNI%
Aa o €6 [} 1 A o 6 A A
dunad p lusae [0.5,0.30] LAZRIWLUEILUBINATINW 0 VIR I HIUNIWLNIRLDE Ul
¢ 5, 10, 20 LAz 30 USIAU

(n) 31 LENNA (1) 31/ BABOON

() 30 JELLY BEAN (4) 31 HOUSE

MWUTENaUN 4-1 MWN LT INITNaaa

65



66

4.2 mammuameuys Th Tudusavdsiinaua
mmfumau%%ﬁ"l@”ﬁﬁLauaﬁéﬁLLﬂiv"iﬁm'mz%wﬁrylumsmuquqmmwmao
N33 AFYYITUNIRLULKAY DaRRansimuaduls Th Tapdauls Th s
anudaglunisaadulaineaslditng Alpha trimmed %3e Aiadpterniinilien
ﬁuﬂam"ﬁn‘ﬂumsﬂs:mm@hﬁmamaﬁuiﬂfﬁﬁweﬁﬂs:mawa ANaLUT Th €
[0.1, 0.9] Qﬂﬁmuﬂiﬂmﬂ‘i LﬂiamL‘nmlaaqmmwﬁgnﬁmumﬁﬁamﬁfﬂmnmﬁ’ﬁ(ﬂu,'u'q
Th unuaa8 Goodset(i, j, Band) s‘fmﬁ;@mw*‘f‘il,ﬂuam%ﬂmaammf‘ﬁﬂug@mwﬁﬁmm
wanzanlunsinldYssunmdndreiinis  Alpha trimmed ¥INFNITNVAILTA
Goodset (i, j, Band) i3 wiutasnin 1 fa:‘lﬁ”ﬂ'ﬂmﬁiﬂLﬂﬁamj”mﬂauﬁﬂsﬂumsﬂi:mm

AN LA rwa ke Th nga‘mwa‘lﬁﬁ‘hmuam%ﬂmawmﬁﬁhmuﬁaﬂao

(@) "Nwua Th = 0.1

(@) "Nnua Th = 0.5 () "uua Th = 0.9

A o € o 1 A ' [
NMWUTZNBUN 4-2 URAINWHAIANDINNNIINIRUAAT Th NLENAINN®

INANWYTENBUN 4-2 (0) LDWAIW LENNA  AIDNaananamnIne 8

a q
FUQIIUMIUNENIN ST u-Bunad lasdautdoaluun1aTgIuseIsy I mwIuNw

a o 6

I @BEWTNAL 20 uazanuaziduwlunsifiasugIssunIuBNasLYINY 0.2 1iath
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mwisznauf 4-2 (n) Liﬂ:jns:mumsﬁmjamwﬁazﬁ% RMRMN lasrinuadiaiuds
Th fiansnanu mwfidunsfudanmudusasldaaniwisznaui 4-2 (1)-() (aie
ATLNNWIBINWAIDAIA PSNR, MAE, NCD Uaz QSSIM ladnaansaIiuaaa luanse
a

fl 4-1

@197 4-1 UEAIFNE199 T LFINAITANUNTWVBININ

nwisznau PSNR MAE NCD QssiM

42 (Mo =20, p=020 | 152571 24.7112 34.40 0.2241
4-2 (1) Th = 0.1 26.2694 8.8517 10.37 0.6872

4-2 (A)Th = 0.5 26.2961 8.8389 10.38 0.6864

4-2 (@) Th = 0.9 26.9900 8.4636 10.57 0.6961

nnnlunndszneufl 43 ugaddn QSSIM - 2297 LENNA,
BABOON, JELLY BEAN uaz HOUSE iilald@ansas RMRMN lumsusaatygimsuniu
nxw Toosmualiddauds Th € [0.1,09] fedandimusdygimsuniuddiail
Noise5 =[o=5,p=0.05], Noisel0 =[cg=10,p=0.10] , Noise20 =
[0 =20,p=0.020] u&az Noise30 =[o =30,p = 0.30] Fansrimuasiaauys
Th fiuanesnurnlidn QssiM uandrarwludas

3197 4-2 iagamsﬁmu@fiwaos'huﬂs Th

TEAUFYANHIUNINIRAIN Th

Noise5 =[o =5,p = 0.05] 0.9

Noisel0 =[oc=10,p =0.10] | 0.9

Noise20 = [0 = 20,p =0.020] | 0.6

Noise30 =[o=30,p=0.30] | 0.3

Tunwdszneuft 4-3 (n) &1 QSSIM ﬂ:ﬁ@hguf}aﬁmu@lﬁ Th = 0.6
aniulunsdl Noise30 QSSIM ﬁmgmﬁaﬁmuﬂ Th < 0.3 lwnwidsznaufl 4-3()
QSSIM ﬁmguf}aﬁmuﬂ Th = 0.6 lunnanauueIsyyImsunIu dudiganaledn
\Harwuadn Th lug9 0.4 89 0.6 szsInalwen QSSIM ﬁmﬂﬂﬁﬂuuﬂaolm:ﬂ"uga
\fiasanlunn BABOON Lﬁumwﬁ'ﬁswa:tﬁmgaLﬁaLﬁuuﬁ'umwﬁuﬁﬁ'\mmam Tu
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MwUsznaufl 4-3() IusaMaIuATYLIMIUNIYU Noise5 uaz Noisel0 QSSIM fldngs
dlothmua Th > 0.6 ludamaudyanmsunin Noise20 oz Noise30 QSSIM flenge
Warmuald Th < 0.3 lumwidsznaudi 4-3(9) QssiM ﬁ@hgmfiaﬁmu@ Th > 0.6
gnLIuNIth Noise30 Th < 0.3 nnuammasaslumwlsznoud 4-3 mu%”y‘ﬁ?uﬁﬁa
Awualdteauds Th 63015197 4-2 dameauds Car lumsmesasiiiwualwiriny 1
uaz@auis Alp = 0.35

=== Noise 5 = Noise 10 === Noise 5 &= Noise 10
=== NOise 20 Noise 30 e=gie== NOise 20 Noise 30
1 1
0.9 0.9
0.8 | 0.8
0.7 fpriimmipripemifg=rdi—de--f—dh 0.7
s 3,6 s 0.6
n 0.5 »n 0.5
(%) [%)
S S04
0.3 0.3
0.2 0.2
0.1 0.1
0 0
0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 0.1m 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
TH | TH
(N) 7MW LENNA () HhMW BABOON
e NOiSe 5 === Noise 10 === Noise 5 = Noise 10
efe== NOise 20 Noise 30 e=fe== NOise 20 Noise 30
1 1
08 0.8
0.7  drirdrfirfpomofypmfech, 0.7
s 0.6 s 0.6
2 05 2 0.5
S04 S04
0.3 0.3
0.2 0.2
0.1 01
0 0
0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
TH TH
(A1) "MW JELLY BEAN (3) "MW HOUSE

MWUTENDU 4 -3 ULRAINTINVBIAT QSSIM N laanATn1INTLEua Lilannuaan
Th LANAINY
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4.3 MrauaznsUssiulsZaNs NN

mstauazuszifiugmniniu Insiadsziniawlumssdadygim
SUNIUERE PSNR 8131306 Wb laaugunish (2.28) uaaden Liluans1af 4-3 1@
U= ANT ANV BINITAITIURZLBLANING2E MAE  RINITDAIUITL LA AINENNNTN (2.30)
waaaen I luan 9 4-4 Sadszaniniwlunisasgrniwdaas NCD sansadwinlaana
ni 1 n‘ (>3 s 6
JUNIN (2.31) wxear lua13199 4-5 uae MIIAANULLRBVAININ NITIAADUNIIHG
PAINIW Wazn1IIaNIRaNEuse9d laols3t QSSIM Aurmlaauauniy (2.34) uaas
a1 lua39n 4-5
=y
4.4 wamInaaadaznsilssutnau
MISsufisunaawsuasdsnisnitene latdSouisunuis VMF
Wisuounudsnis SFR - Alananldudaluuny 2 nMwraansuasddnsninigus
WU A URUMWHEaNTU0935 VMF  Ua2 SFR ueadlumwlsznauf 4-4  auds

mMwidsznaufi 4-19

() HAAWSNNABNILEUD

(A) WAAWDAINAT SFR

o @ A

MwWUsznauf 4-4 1W3suifigunasansasnsniewenuibens g AFwLIsUNIL Noiseb
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(A) HAAWSINNIT SFR () WaawsanIiniaue

o “ A

mMwiszneuf 4-5 Wisuifisuraswsisnismiigwenuisen g Asanisuniu Noisel0

(A) NAAWTAINAD SFR (3) HAAWTINITNUNLEUD

o @ ad a

tﬂl = = o eaa dl t:i .
mMwilsznauf 4-6 LWIBUNBUNRAWSIDNINHUEUENUATENI 9 NRTYIIUNIK Noise20
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(A) NAAWS2INID SFR () HRaWSINNATMILEUD

MwUsznauft 4-7 Wisuifisunaansasnsiiewenuatans g Naa1suniu Noise30

n) Noise5 = [0 =5,p = 0.05] (1) HaaWFanId VMF

o

(A) HAAWS9IN3T SFR (9) HAAWTNNITNWLRUD
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° v A

A a a o  ead A A a o g
mMwiszneuft 4-8 WU s UNAaWEI BN INTLawenUITA19 9 Adanunu Noises

n) Noisel0 =[o = 10,p = 0.10] (V) HWaaWwsaNIs VMF

() WaaWsa N3t SFR () NaAWSNNABTMINLEUE

o v ad

Mwsznauf 4-9 WSsuAisUNaansIDNINTLERanUADen9 g NFITUNIU Noisel0

n) Noise20 =[o = 20,p = 0.20] (V) NA’WTINID VMF

(A) WAAWSANID SFR (3) HAANTAINATMINLEUD
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n) Noise20 = [ = 20,p = 0.20] (1) Na&WF9INIF VMF

o

() HARNTNATNINLEUD

(A) HaaWBANID SFR

mMwisznaud 4-11 WSsuifisuraswsisnsihguanuisens g NaquIsunIu Noise30

(¥) HRAWDINAT VMF

(3) NAAWSINI

NILEUD

() WaaWBANID SFR
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o @ A

MWUTzNaUR 4-12 LW3sufisunaans oM INLauanuiten g NaywIsunIu Noise5

() Noise10 = [0=10,p =0.10] (@) WaaWFaNIT VMF

(A) HAAWSANIT SFR () WaawsanAininiaue

o v Aa

Mwilsznaufl 4-13 WisuBUNRaWSIDTNINILEREN LT3 9 NFTYYIIUNIU Noisel0

(N) Noise20 =[o = 20,p = 0.20] (V) HAAWSFAINID VMF

(A) WAAWSINNIT SFR () NAAWSNITNLEUS
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MmMwisznaud 4-14 WSsuisunaawsismsfiinauenuiten g sy yisuniu Noise20

(A) NAAWS2INID SFR

o A

mMwisznaufl 4-15 W3BUABURNAaWS DM INHLEReNLATEN G N
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2
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=
3
)
=
=
S
=
®
w
o




76

Mwisznauft 4-16 WSpufiuRaawnsIsMIMiEwenuitend g Na1sunIu Noise5

o

-

o &

(¥) HRAWDHAIN

(A) HAAWBINIT SFR

a

MWUsznauf 4-17 W UABUNRaWSIDNININLEUENUITEN9 9 NFYYITUNIW

o

(3) HARAWSNIDNINLEUD

() WAaWBaNID SFR
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o i~

mwisznauf 4-18 WisuifisunaansisnsiinEuenuisens g NFw1IUNIL Noise20

(A) WaaWBaNID SFR

6

() WaaWsNABNUNLEUD

o v ad

mMwisznaufl 4-19 WisuifipunaawsIsnINiLEwenuiIsene g NFWYITUNIU Noise30

@397 4-3 LEAIA1 PSNR maamwﬁ;‘]na@muqmmwLLa:mwwaé'Wﬁ‘mn"i%@mG]

mwisznaui | Noise Image () VMF (2) SFR (@) RMRMN (¥)
4-4 21.9500 31.9550 34.1238 34.6953
4-5 18.6647 29.5298 31.6232 25.2221
4-6 15.3105 25.2221 27.4781 27.9195
4-7 13.2651 21.9889 243760 25.7872
4-8 22.0777 19.6636 24.3598 25.9423
4-9 18.6805 19.4280 22.1887 23.6695
4-10 15.2309 18.6141 20.2843 21.5770
4-11 13.2766 17.5437 18.9879 20.3877
4-12 21.7975 35.2474 37.9546 38.5333
4-13 18.6730 31.2904 33.7529 34.8301
4-14 15.2815 25.8592 28.5232 29.6682
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4-15 -13.2093 22.1745 24.9258 27.0576
4-16 22.0396 31.7067 33.7254 34.1746
4-17 18.9189 29.2727 31.3103 31.8851
4-18 15.4123 24.9640 26.9729 28.1972
4-19 13.3712 21.7189 23.9587 25.6575

ANTNT 4-4 LRAIFN MAE maamwﬁgnawauqmmwLLa:mwmaéfwfﬁnﬂ%ﬁ@m6]

mwdsznaudi | Noise Image (n) VMF (%) SFR (@) RMRMN (¥)
4-4 6.4288 45148 3.5665 3.4562
4-5 12.7143 6.3827 4.8748 4.7158
4-6 24.5507 10.9072 8.0528 7.7115
4-7 35.4751 15.9351 11.5570 10.2882
4-8 6.3724 17.5799 10.7199 9.0385
4-9 12.7493 18.7784 14.0966 11.8370
4-10 24.8535 21.7732 17.7406 15.8945
4-11 35.5941 25.5147 20.7042 18.4308
4-12 6.4829 2.8041 2.0142 1.9350
4-13 12.7055 5.1393 3.6894 3.3458
4-14 24.7497 10.1477 7.2288 6.4174
4-15 35.9794 15.6327 11.0080 8.8642
4-16 6.4756 4.5292 3.6583 3.5623
4-17 12.6132 6.4839 5.0492 4.8064
4-18 24.6904 11.1032 8.3891 7.5429
4-19 35.6741 16.3527 12.0800 10.3163

a13197 4-5 uEAIF1 NCD °11aomwﬁgnaﬂﬂauqmmwua:mwwafi"wﬁmnﬁi'ﬁ'@ms]

mwuUsznaun | Noise Image () | VMF (2) SFR (9) RMRMN (3)
4-4 9.42 5.56 4.42 4.36
4-5 18.30 8.17 6.12 5.88
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4-6 34.26 14.53 10.58 10.09
4-7 48.12 21.48 15.47 13.57
4-8 9.33 15.12 10.92 10.12
4-9 18.24 16.81 13.20 12.22
4-10 34.57 21.40 16.73 15.93
4-11 48.17 27.04 20.72 19.67
4-12 7.04 2.70 1.99 191
4-13 13.64 4.87 3.50 317
4-14 25.87 9.54 6.69 6.03
4-15 36.81 14.81 10.12 8.32
4-16 8.84 4.68 3.71 3.68
4-17 16.97 7.17 5.36 5.02
4-18 32.15 12.99 9.58 8.40
4-19 45.75 19.68 14.35 11.54

ANTNN 4-6 UFAIAT QSSIM VBINWADNIANBUNUNTWURTNMIWHIANFINTTH9 9

mwusznaufi | Noise Image (N) VMF (%) SFR (9) RMRMN (4)
4-4 0.6922 0.9496 0.9665 0.9730
4-5 0.5459 0.8852 0.9182 0.9341
4-6 0.3936 0.7119 0.7724 0.8151
4-7 0.3099 0.5587 0.6304 0.7107
4-8 0.7842 0.4932 0.7924 0.8659
4-9 0.6331 0.4718 0.6733 0.7668
4-10 0.4471 0.4133 0.5400 0.6268
4-11 0.3412 0.3577 0.4657 0.5764
4-12 0.3766 0.9049 0.9453 0.9599
4-13 0.2164 0.7384 0.8413 0.8806
4-14 0.2164 0.4495 0.6051 0.6586
4-15 0.0854 0.2921 0.4339 0.5317
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4-16 * 1 0.4663 0.8035 0.8655 0.8735
4-17 0.2965 0.6895 0.7867 0.8036
4-18 0.1740 0.4716 0.5971 0.6513
4-19 0.1232 0.3314 0.4543 0.5366
4.5 agﬂ

Tuunitldnanfonan1maaes1a93 M ITIAR Y AN TUNIMLUUNRILNE

a o &

Fou-suwadn laiaus lummesasldinmsiauazdszidindsz@nininluduedns g

[ ar

&ail Sauszantanlunisesadygrmsuniudis PSNR - Jadszanimnlunisag
FUasldyaUaINIWGIY MAE  I0N1IAIEAINRGAIE NCD  10aNLLABYBINTN 1@
ADUNTIES WazauAaLREUIBIEdIE QSSIM - MnwamInasasil laiaualluditi
drngin mwﬁﬁyuv\l‘jamwﬁwﬁmsm VMF 59998 Ry qnmasunIugs Tasawzmwiid
ALBIANNITUAH BABOON uazmsasanmdsarlalid vnldendaiadug &
Aeunnaia lesnnlildidudansasfiaenuuuanifiessa g msunInuULNEY
laglane @iammwﬁﬁvuvjamwﬁm SFR muWNaawsigmmwannninwradwiues
fnsad VMF udiesansusasdygnauniuegiuszaugs PWHAAWST Ld i mnn
aaadann (etaday QSSIM fazeni 0.5 lunnuanimasas fissiuAY QI UIUNIYU
Noise20 tfwaul

WaSoutisunudinis RMRMN  AiSLwINI913InNnNsan s aInsas

v
e o o 1 % ~

SFR  nWHaawiuas RMRMN Lilatasudrianidaauga fianIwgInhmMueaans
V8I6aNT8d SFR  uaz VMF lunndrdase@ninn Taslunwid sz Boaunigu
NN BABOON fﬂ:ﬁqmmwﬁaUniwmwﬁﬁﬁﬂa:tﬁmﬁayasjwmw JELLY BEAN
a%m%’umwﬁﬁé’mwdaumaaﬁtyryﬁmmmuﬁo fissRUAINIIUNI% Noise20 Liludwly
#1 QSSIM 18369n789 RMRMN 3zfidnlapyszanannnii 0.6 S‘fiogmfiwmwwaé’wﬁmaa
#n3849 SFR waz VMFs fiduiguiliitesan 55 RMRMN ladmasuifiudygnasuni
Aow Wathadugdraiminitasdu ufr3erinmssasuledinn s tilTeyaiNoawai
azlde /5N A Alpha trimmed mean eazlddndszanmuiidnin udddszaudtnm

sumuagjmnLﬁu"l,ﬂau"lximﬁamsaumﬂﬁLﬁmwa Aazdszunmanarananting
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a7l dywiuazdoianauns

5.1 a'gﬂmamﬁé"a

ar €

wispilldiEuedantesriadyan punMMMUUREIIM S S au-SuWa
lumwiasria Wedygrasunwmddounasduiadiiadulummdsiiu Tasdyam
sunawimddsuwiannanufenaialumsiiuuesdrfudygimninsasgunsol
dunIw uazdyrmsunIudunadiiaananuianaialunizuiunisiudadays
Fumanitminiaeiwldnanmsinm Sinnsiiuaeuiinsudadygmsuniuuy
NRUM AL T aUu-BUNRAAIHAINTEY SFR  (Camarena et al, 2013) lagladwaun
@3n389 SFR LLa:ﬂ{uﬂgaLﬁaLﬁuﬂszﬁﬂﬁmw‘lumw{fﬂé”numunmsummmuNau
AT au-BuWad

Tumszdadyarasunuiuurssmdou-Sanad lusdaldldainsas
ﬁm{ué’zymgmsumul,wia:ﬂs:mwﬂi:mmiatﬁaqﬁ'u waldldsuanafioniiasnany
Fudaulumadmm uasliamusnvsadygrasuniwldairiifans deanldinmsiamn
fanTesdILA Y MTUNIBILLUKNENIM SIS ou-Bunadlasianiz SFR fudansesiid
UsznSnwlumIu9ady I I UNIRUUUREN TagldinnudadinlfiRasuimei
daoﬁmﬁfﬂmaau,@ia:qmmw'l.uﬁu‘[mfﬁﬁwé’oﬂs:mawa eltlunsuszanmndaaudae
fuadndraimin naannsdnsnlimansneenuuuduaeui’ RMRMN fivinlildn
draminfisenndostuaanundusde uazilesirldszanmdrdiasurinldiiaana
amaLadauaInMINGuRTEa

Tua0u3% RMRMN Ludansasifanudi (Spatial Fitter) landszananalu
Auladzua 3 x 3 9w wfadwmddsiminidesdudmivudazgamnluiuled
sruszuuned e lihssinamdnaudosadsdinivin RMRMN Suaaums
vnamaaniilu 4 Tuaaudie Tuaeudl 1 MIATIITUFYAIUILNILBUNRF Tuaaul 2
s mdriimini e fudasruued Tuaaud 3 msﬂ%’uﬂ;ammaﬁmﬁn
Haadu Suaeud 4 1andatszanudninesldeniads Alpha Trimmed wiadadunig
sminufeniuaeuling

anmstssfulsziniamassdansas RMRMN flsiiaualuudasin
mMuHaswsonTsuAsuiudInsas VMF Fadudanveefildsuanuisulunisada

sy mIUNIuluAng uazdantes SFR - lasdnsiadiguniwidiniasdoaiia
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PSNR filfiadszinSnmuasmivsasyarasuniu MAE I5iaanufiaiiouldannw
duatu NCD lEiaanufiainounad® uaz QSSIM 1A nuluas Tanaunianyed
MW TN NAALREUL IR INNANSUSHULTBLANTDIFIIANIE MWHAAWTUBIN

o

N389 RMRMN ﬁﬂmmwgoniﬂmwNaa”wﬁﬁ"lﬁmnﬁ'msao VMF U8z SFR Llasee

e

FYYIMIUNIUGINTT Noise20 ilusiuly asfldfiAiuanasefivaasluonid daud

TEAUFYYIWIIRINN Aranaianfes lduandranuanniin

5.2 daymuazadassalunsive

fosnlumsisuil dasdnwmnufuazldanuinmeduadiamaaiuag
gaaududulng fAdedenuiudulunsfnmanuiuaznguiensg WalwmanTn
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Abstract—It is a challenging task to suppress mixed noise
in a color image. Simple fuzzy method could reduce the mixed
Gaussian-Impulse noise with preservable edge and detail of
image; however, the method provides some drawbacks and led to
inappropriate outputs. This paper proposed a resourceful method
to remove the mixed Gaussian-Impulse noise by designing the
sequential cases to estimate the optimal weights in small window
for filtering the noise signals. The sequential cases consisted of
impulse detection, fuzzy system for initial weights, improving
the weights and optimizing the weights, and finally the output
pixels estimated by either alpha trimmed mean or convex hull
techniques. As depicted in the experimental results, the proposed
algorithm provided the best solutions when comparison with the
vector median filter and the simple fuzzy method.

Keywords—Color image; Mixed Gaussian-Impulse Noise; Fuzzy
systems; Fuzzy rules; Resourceful Method,Vector Median Filter.

I. INTRODUCTION

Color image processing applications require the estimator
of the original signal from its contaminated version [1]. The
contamination can be introduced into the signal during the data
acquisition, storage and transmission processes. With growing
demand for high quality of color images, the restoration pro-
cesses need to operate these pictures. The restoring processes
have to preserve as much as possible the image details that
consist of edge, sharpness, contrast, and color balance.

Prior knowledge of noise has necessity for modelling the
removal noise algorithms. Two types of noise are usually
encountered, which comprise of additive white Gaussian noise
and impulse noise [1], [2]. The Gaussian noise is corrupted
due to the thermal motion of electron in camera sensors and
circuits [2], [3]. The impulse noise might be occurred by
malfunctioning pixels in a photoreceptor, memory location
fault or transmission error [4]. The mixture of Gaussian and
Impulse noise may be confronted in practice causes by multiple
sources of noise.

In recent decade, many methods have been proposed to
remove the mixed noise. The Peer Group Averaging (PGA)
[S] removes the mixed noise by using statistic method for
impulse noise detection and replaces contaminated pixels with
averaging of pixels in peer group. Fuzzy Peer Group Averaging
(FPGA) [6] is based on PGA. The difference between these
methods depends on how to build peer group. Adaptive Nearest
Neighbor Filter (ANNF) [7] uses fuzzy membership functions
based on difference distance measures among the image vector
and fuzzy aggregators to determine the weights in a filter

structure. From development of the classical median filter,
Vector Median Filter (VMF) [8] is extend to The Fuzzy Vector
Median Filter (FVMF) [9]. These filters compute the weights
depending on the similarity between each image vector and
vector median of the neighborhood vector.

Motivation of the proposed method is Simple Fuzzy Rule
(SFR) [10]. SFR method uses a weight averaging, which is
formulated by a fuzzy rule based system. Inputs of the system
consist of degree of noisiness and degree of similarity in each
window. From our investigation, SFR has some drawbacks for
producing the weight average to estimate the output pixels.

Resourceful Method to Remove Mixed-Noise (RMRMN) is
proposed to solve the drawbacks of SFR. In our method, the
input data are analysed by the fuzzy system to evaluate the
noise quantity and to assign the initial weights. The analysed
results are employed to select the methods for filtering the
noise signals. The filter methods consist of alpha trimmed
mean [11] and convex hull [12]. If the data have enough
information then the trimmed mean is chosen, otherwise the
convex hull technique is operated to estimate the optimum
weights of each color band. To evaluate RMRMN, Mean
Absolute Error (MAE) and Peak Signal to Noise Ratio (PSNR)
are used to measure errors between the resulted images and the
original images. Normalized Color Difference (NCD) [1] and
Quaternion Structural SIMilarity (QSSIM) [13] are employed
to assess the preservation of color image details. From the
experimentations, the proposed algorithm provides the image
results better than VMF and SFR methods.

This paper is organized as follows. Section II describes
the Simple Fuzzy Rule concepts. The drawbacks of SFR are
investigated in Section III. RMRMN algorithm is explained in
Section IV. Section V demonstrates some experimental results.
Finally, conclusions are described.

II. RELATED WORK

Simple fuzzy rule [10] is a method for removing the mixed
noise from a color image, F, by using fuzzy system [14].
Input data of SFR are a subimage in window, W, size 3 x 3
pixels of each band; thus, W = {Fj, F;}. F; denotes centered
pixel at coordinate i*" of the window W. For the color image,
F; = [F], S, FP], when the superscript R, G, B stand for
color bands Red, Green, Blue, respectively. The coordinate
1 =1,2,3,..., M x N, where M x N denotes size of the
image F. F; represents the neighborhood pixels of Fj.



SFR method employs the fuzzy system to approximate a
weight filter from the subimage data, W. The filter is provided
to estimate the desired denoised pixels in each band of the
color image. The following subsection will be described the
algorithm of SFR.

A. SFR Fuzzification

In fuzzification process, the pixel data in W are fuzzify to
noisy degree, 0p0ise(), and similarity degree, g(z), by using
norm between F; and F}. Later tasks of the fuzzy system that
consist of inference and defuzzification processes use d,pise ()
and g(x) to synthesize weight w; for estimating noise free pixel
from the input pixel data, F".

SFR method uses rank order distance (RO D) statistic [15]
to convert vector W to degree of noisiness by considering s
+ 1 first pixels Fq), F(1), ---, F{(s), as following

8
ROD,(F,) = Loo(Fi, F(j)) )
—
The method uses L., norm to measure distance that is given
by

Loo(Fi, Fj) = maz|FF — FE|,|FF - FP|IFP —Ff| (2

The SFR declares x = ROD,(F;) to calculate the noisi-
ness degree for the vague statement “F; is noisy” by

0, for ¢ < kq

- —k

Onoise (1') = 'k%‘_—kll, for k1 <z < ko 3)
0, for z < kq

For the non-noisiness degree, the vague statement “Fj is not
noisy” is given by

6notnoise($) =1- 5noise(x) (4)

where k1 = 0.5 X ROD,,q, and ky = 0.6 X RODpqq.
ROD,ar = ROD(F; : F; € F).

Similarities in the window W are calculated by three term
sets. There are High, Medium and Low, which the member-
ship functions of each term set is given by ghigh (), gmed(T)
and g0 (), Tespectively.

1, forx <a
—x 4
Ghigh(z) = ¢ —+ =, fora <z <4a (5)
3a 3
0, for 4a < x
r—a
, wfota< < 2a
a
1, for2a. < x < 3a
gmed(x) =9VY4da -z (6)
i oforida < © < 4a
a
0, elsewhere
Giow(Z) =1 — Ghign(x) (7

where z represents L; norm to measure similarities between

F; and Fj.
L\(F;, F;) = |FF = |+ |[F = FF |+ |FF —Ff|. ®)

B. Rule Inference

The rules to formulate the noisiness and similarity degree
are summarized in three fuzzy rules as following.

1) IF 5n0tnoise(x = RODS(F]) AND 5noise(m =
RODS(E) AND gmed(-T = L1 (Fi, FJ) Then vmed(wi).

2) IF (snoise(ﬂf = RODs(F]) AND 6noise($ = RODS(FI)
AND g, (z = L1 (F;, F})

OR IF 6notnoise(x = RODS(Fj) AND 5notnoise(x -
RODS(Fl) AND ghigh(x = Ll(Fi7Fj) Then Ularge(wi)'

3) IF (Snoise(l’ - RODS(FJ)

OR (6notnoise($ = RODS(FJ) AND 5noise(x -
RODS(FZ) AND ghigh(x = L]_(Fi,Fj)

OR (571,0tnoise(:C - RODS(F]) AND Csnotnoise(x =
RODS(Fl) AND gmed(x = Ll(Fz‘,Fj)

OR (6notnoise(m - ROD.S(F]) AND 6nmﬁno1ﬁse(5C =
RODS(FZ) AND glow(x = Ll(Fi,Fj) Then 'Usmall(wi)-

Antecedent parts of the fuzzy rules are formed from
the conjunction operation AND(t-norm) and the disjunction
operation OR(s-norm).

Consequent terms of the rule inference are designed to
establish the weight mask for reducing the nosiness in the
window W. The input argument, w; € [0, 1], is represented a
certainty degree in the vague statement of weight degree that
consists of Small, Medium and large as defined by

w; — 1
! for b < w; <1
vla'rge(wi) - { b—1 ’ or w (9)
0, elsewhere
2w; — 1
211;—1 +1, forl—b<w; <05
) ={1-2uw
Umed (W:) i1, for0.5 < w; <b (10)
2b—1
0, elsewhere
W;
—+1, for0<w; <1
Vemat (w;) = {b— g rfswis (11
0, elsewhere

where scalar b = 0.9.

C. Defuzzification

COG (Center of Gravity) technique is provided to defuzzify
for producing weights, w;. Finally, the weights, w;, and the
pixel data, F*, are applied to extract the desired denoised pixel
Fy as following

Fy= <in>/iw (12)
i=0 i=0



(b) Noisy Image

Fig. 1. (a) LENNA image, sliding windows at pixel (11,36) in RGB bands.
(b) Contaminated version with mixed Guassian-Impulse noise that probability
of impulse is 0.1 and o of Gaussian noise is 10, windows at the same position.

where m is the number of weighted pixels. For SFR method,
m = 7, and s = 2. From our study, SFR has some drawbacks
in the fuzzification process.

III. SFR DRAWBACKS

From our inspection, some drawbacks are founded in the
fuzzifying process as illustrated in the following.

1) Noisiness Fuzzifying Error: In some situations, the
membership function to fuzzify the noisiness degree cannot
provide the appropriate degrees that causing the weight filter
produces unreasonable output. The first situation is some pixels
under processing consisting of impulse signal; however, SFR
method cannot detect. For the second situation, some pixels
under processing are not impulse signals, but SFR treat the
pixels as the noise.

From the cases, let us consider an example from Lenna
image in Fig. 1. Fig. 1(b) shows the corrupted version of the
Lenna image by the mixed-noise. The SFR algorithm regards
F; at position (11,36) of the red band. Noisiness degrees in
the window W at this position are provided two term sets as
following

0 045 O
5noise(x - ROD(Fl)) = [0 0.20 Ojl
0 0 0
0 055 0
6notnoise(x - ROD(Fz)) = [0 0.80 O:l
0 0 O

As seen in Fig. 1(b) of the red band, the pixels at the position
F() and F(y) are impulsive. However, the noisiness degree
Onoise(F(2)) = 0.45, is assigned less than the degree of non
N0isiness dnotnoise(F(2)) = 0.80. At the same as pixel Fy,

that is 5noise(F(O)) < 6notnoise(F(0))-

2) Similarity Fuzzifying Error: In this mistake, considering
the pixel values at position (43,12) of Fig.1(b) are captured
in window W of each color band as showing by

146 193 206
FR(43,12) = {174 0 197}
S0} gk kgl

90 118 130
FG(43,12) = {117 152 98
137 136 73

115 128 110
FB(43,12) = [121 136 80}
125 130 85

The membership values of the similarity degrees in eq. (5)-(7)
are determined as following

0 0 0 0 00
ghigh(l') = [O 1 0 5 gmed(x) = [O 0 Oil
0 00 0 0 O

1 1 1
s Jlow (ZE) = l:l 0 1:\
1 1 1

Cause of the error derives from the pixel at position F\g)
in the red band, which corrupted the impulsive signal. The
effect is the degree of membership values, which are defined
inappropriate values. The drawback from our investigation
produces the output weights, @; unsatisfactory to estimate
the output pixels, Fp, in each color band. As the case of
similarity measurement, SFR method provides the weight w;
as following

0.97 0.97 0.97
w; = 097 0  0.97
0.97 097 0.97
So that, Fy in eq. (12) gives us with F = 186. At this pixel,
original value of the red band is 215.

IV. PROPOSED METHOD

The proposed algorithm contributes to resolve the disad-
vantage of SFR method that occurs in the fuzzification process
of reducing the mixed-noise. In RMRMN scheme, pixel data
in the window W was analyzed before operating by the fuzzy
system for calculating initial weights, wy. Finally, thg initial
weights are updated to estimate the denoised pixel Fy, that
is obtained by either alpha trimmed mean or convex hull
technique.

RMRMN algorithm is illustrated in Fig. 2. The algorithm
is divided into five blocks, which consists of impulse detection,
initialized weights by fuzzy system, improved weights, alpha
trimmed mean, and convex hull. The following subsections
will describe the algorithm in details.

A. Impulse Detection

The impulse detection block is employed to find a set of
free impulsive signal for using as a condition to formulate
weights. The set of noise free, ImFree, is given as following

ImFree(i, j, Band) = {VFy|F) ¢ {0,255}; } (13)

where (i,j) is coordinate of window W that i = 1,2,3
and j = 1,2,3. F, k = 0,1,2,...,8. , is a pixel in W.
Band represents R, G, and B bands. ImFree is assigned in
the condition of uniform-impulse noise, that each position is
defined either O or 255.
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Fig. 2. RMRMN algorithm. * In fuzzy system stage RMRMN uses same membership functions as SFR

B. Fuzzy System

For fuzzy system block, similarity variable is calculated
by three rules to initial weights. In subblock 2.1, variable z
is given by L; norm to deduce the similarity degree of W by
using the membership functions as defined in eq. (5)-(7). The
similarity degree is assigned to antecedent part by MFInput
variable. The consequence part, MFOutput, is employed to
deduce the pre-weight degrees, which consist of three term
sets {Vsmail, Umed; Viarge } as defined in eq.(9)-(11). The rule
inference in subblock 2.2 consists of three fuzzy rules as given

by

Rulel) IF giou (z = L1(F;, F;)) Then vgpmqu(wy).

RUlCZ) IF gnLed(x — Ll (Fia FJ)) Then vmed(wk).

Rule3) IF ghigh(x = Ll(F,', Fj)) Then vlm«ge(wk).

Defuzzification process formulates the weights,
using COG.

wg, by
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