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ABSTRACT

This research proposed the fuzzy based liver ultrasound image compression.
Firstly, the initial clustering of liver tissues is extracted using histogram based Fuzzy C-
Mean clustering. Sub-images are classified into 3 groups: the Most Significant Group
(MSG) (the abnormal liver tissue), the Normal Significant Group (NSG) (the normal
tissue), and the Least Significant Group (LSG) (a group outside the probe). However,
the initial priority map result is inadequate due to a mixture of the abnormal and
normal tissues since the quantity, distribution, and reliability of data are not
guarantee. The clustering results serve as initial classification. Then, the expert
knowledge is integrated via FIS. In order to validate the initial classification, the fuzzy
rules based on the second order statistical texture features of Gray Level Co-
Occurrence Matrix (GLCM) are suggested. It has been proven that with the integration
of the proposed expert knowledge and FCM clustering, the significant improvement

of the liver compression in terms of quality and compression ratio can be achieved.
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1.5.4 n3duundsziandeyamedanetuilsddiuuazialiuaznanssdsurindanes
K=62810tag 12

155 Mafumnudnumeiuiifisn mauduiuses Gray - Level  Co-
occurrence Matrix: GLCM 9811197033 4 331 gy 0 45 90 uag 135 wazsmilviniu 1

1.5.6 Amoulmaduluiinunguanudifyunniian (Most Significant Group: MSG)
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Parameter(FOP) Wuilsdidnvesinseaiinida uazauide [21] duausnism Fractal uay
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2.3 yuATeiieafuntssuundeyaninaemenisunne
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SuunieeinUnfvasiioidound asiatavuinuotedeasinun saueUsuiliunatite
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ﬁuumaummﬂwiums'guﬁmaiﬁﬂ FuilaBefinundfinsranuiauieviationduiiuiiviaulaves
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ghiiauefled@ilumsuueniiuivesiuiifiaulasemsimuadamnstusaliuiud
faulaunnsnafumunuddyvesituinlussasituiiu Tnordudssansmanluusasdu
qum‘%gﬂLﬁamﬂuﬁaﬂq%ﬁuﬁa s (33] dnauemsdanguiileidedufinunfnazund
Fhonsinndutoyarmsaifvedalaunsluiuiivauladsmadniildannsoanduiode
suiaunRlduAdsdifuiivisdanisadidodolnfuasinunivsutueyg lunsussndld
faddtudadivziianudangulunisiuuadmuduandnuaidedidnde Tanulsonis

o

D.

D

SnupAsuFukardyIasunan InensinuaAsdulsiinasennmiiuaral Local
Minima Iusumzﬁmasumé’igimmazﬁﬂﬁmmmL‘f]uam%ﬂmmzﬁﬁwﬁwiumzﬁﬁ%;&aﬁmﬂﬂa
[34] uenanddilifinsuiumsdondienuemienimianuinng e rmguussgndld
Tunsanaula

2.3.3 nsUssenaldssuuiledsuinaisuy

u3de [35] lanandanisussyndldseuuileddunesulunisitiadenisnisunmg
(Diagnosis) N193tadgAIuLANeNg  (Differential Diagnosis) N135nw1lsA (Therapy) N3
AATILIAIN (Image  Analysis) N153315UWUU  (Pattern  Recognition) N1sdainai UL
(Patient Monitoring) N153As1zMtayan1INIsUNME (Medical Data Analysis) tUusu lu
Nuideaenanalaiasalfsnunldnluniswawinaznasdrileddunarsululdaulunig
N3N wnAnieatuilsdussauanudnsalunisinnldnunmswnmdas 44 % ain
uATevAsAnw e 173 9uide waluladvesiledsuesulueunanaifunis
NALNAIUNUYDIAILRANA (Intelligence) nsAnsedodns (Interactivity) ~ @%3n81A13
(Interdisciplinary) wagszuulauin  (Hybrid -~ System) a8 9INN15FN®UITET
Aeateaiunaiilsddumaisunuszgndltlunsnisunmg wu wide [36]  daue
Fumeulumslaseiaiw CT Wiemsziuniavang lngn1TiAMENYEUeIgUIvRLing
ABalaLnTL GummsuammLLawmLmuwanmmﬁﬂgiunww mimﬂumwuﬂumiaimg
Iuiuuuﬁ%%auW\IaLiumm‘uLLUammwmdumiiwwamsJauLLauwsnﬁ’mmsumm‘wLuaqaﬂ
luaues 939y [37] dnauedsnislunisdwungalalunimdansieninsilalaenislden
Ratio Compactness Circularity Tortuosity Extent hag@1 Centroid uﬂi’ﬂumia%ﬂdﬂmaﬁ
sruuiledduesudwadnifldaunsanenuesiiiefennunivavidodeunilafuas
aonndosiuNInsIEeUNgLTeIngy aadudiinlvinadnéfldanszuuile@duosu
Aouthaliinad iilesanszuuiimslinnsivenaidmssnylneaunsatheuivosideavy
uszgndlfifietslunisdndula
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2.4 wuAnvasIATeithiaue
MnmsAnweAfeiifedeaiunsiudanin mimﬁhmﬂaﬁﬁﬁumﬂmé’ﬂwmzﬁuﬁ’;
lunmdrgnenisunnd uagnsiuundeyanimargnianisunndusazisnislundazinte
Aounth Anednusiininausuudnlumstusauuugydsunsduresnmdanses
Tngordemsieszhidemitusngaglunin Tasussandldnamamsadifdedalaunsa
warandnuaiuiluiuiifauladelflddoyadomiid dyesusasfufidmsunandng
nszvaunsiangudeyadiesaneTBuileddiiu aniuagiidane3suileddumeisunnldly
nsfudunnugndeavenadwiiilidainnisdangusnenissrsdafisuiudeyailaain
fideiny Mndunadwsiilduussgndidudmeulnedudmiunmsdusalusane3sy
JPEG T,msm%wmﬁuﬁﬁﬁwﬁmmn%ﬁmumé’mwmiﬁuﬁmﬁwdauﬁuﬁﬁﬁﬂﬁ@ﬁ@ﬂ%ﬁmuﬂ
SnamstusnguielrldsnmnmsTusnfinzanluusaziuiifiaula Ssagvinliuszansam
m5ﬁué’m%’a;ga1uLmagﬁuﬁﬁau%mmzauﬁ’ummﬁwé’ﬁgmaqLﬁ@ﬁﬂﬁﬂiﬂﬂgﬂﬁ&iuﬁuﬁﬁuﬂ
wazavdmalisgansnmlnesiavesssuumstudageiu [38]



D.

unn 3

Y
4

AUzNug U luGeNgI TN UUIRY

Tuuniagnaniseudiiugiusine fitertestunuisedidun nistusaam amde
NNNITUANE NINE8TANTIIN AENwENIsadATasayanIn weallalunsdwunteys
laun dane3sutA-Tu (K-mean Clustering) dane3ouile@@iiu (Fuzzy C-mean Clustering)
waESTUUNTDUNDLTU (Fuzzy Inference System) yenanidananiismsiaussansam
lumstuganmlaefinnsandnsn1stiudn wazn1TinAMAIMYBININ

3.1 Mstudann

Tutagudoyainunuufinngniiu Ussinans wazasmugean1anisiiun1duneside
FBnsiudadeyadifydmiuiiu wagniedoans fewddnlumsdszgndldnisgsiaunn
Tnsmstudnnmazanelunsanvunadeyaidediiielusuunmadnea ndnnnsdusadl
Wnedifnfe anrnusdaurestoys lasashnmatdavieandoyaiisidouiisly Tuud
RN EGRE IR RHEERE zmLLiJm'mnmstaqwm%aﬁummaaqmlﬂLﬂumamamaaamwim
dufusiiu n1audasey amJivsJﬂm‘buﬂauﬂmﬂumaaqmumw udsantunmdigndusnag
tnnaesndudioaiunmnduiusiuatunienmiindondswendu 1] uenaintulunisds
ety maualvayilviAaeuliagan THaadsdieuu avdunstusndayaazdma
TfanansaUssviauiiivioys wavannatlunsdsinedeyasas

3.1.1 ananduinvesmsdudauaznistudanin

wndadmiuivsateyaiuthunldsensimumauidoualud 1940 1wl 1949
Claude Shannon uag Robert Fano Idfamnuumaiifiussuudmiudswatoyadions
fnrsaunudenaanuiasidu uaglull 1951 David Huffman Ténuisnaiandmiussuunis
iihswateya Tusninansd 1970 Huffman IeRumunuifnvessiadeyaiaansausulgld
Tnstuagiutouailduarluvated 1970 - Fedeifianssiiiinisdudnlvddoyaiiogund
naenrandldinsaisldsinsuiildnaia Adaptive Huffman Coding au 1ull 1977
Abraham Lempel 8% Jacob Uszauanudiialusuifnvesnisidnsialumenvesney
wo$ Tunansd 1980 Sanessufitedn LZW wamudulae Teri Welch Tagldwdnnisfiugnu
vosmaauynsundislunisiudadeya Tudud 1980 afimstiauenslinsziaimds
Favuazansgunstusatu Tudull 1990 fimsiauemaianisiudauuugyde (39]

3.1.2 wuUTI@RINITUUDR

wuudiaaan1studaniw (Compression Models) wansluguil 3.1 Usznaude 2 diy
wonfiufe d1u1sia (Encoder) uazdiunansiia (Decoder) Awduny f (X, y) zgnaaidn
11Jé’fﬂﬁaulfﬁﬂiﬁae?fﬂ%a%’wwmﬁigé“ﬂmimﬂﬁ?f@a&a'@uww ndtantuasdwutesdyynuas
Fyarufidnsiaudiavdslusediunonsiaiiievinnisadianinievinm f (x, y) nduau
Tneialu f (x, y) 8199easandelinsafuamduuuy f (x y) drnmadrelndnsatuain
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duatiuszuvaglifianuianaraviedeyagniiuinuly dlinssunsseiuazgnanveudeay
wandlidivlunmitgnasisdus-ll

drudhswauazalunansiaUssnoudie 2 feidunseduudendiduiusiu nnsdrsia
w¥iil Source  Encoder  @vagiinisanmrmdndounisludeyadunm uag Channel
Encoder %Lﬁmmiﬂmﬁ’ué’mmmiummmLmﬁw‘mmﬂ Source Encoder @iusinansia
Usznause Channel Decoder a3#8 Source Decoder fM10d e 14T NINEIULT A

waznensialildaya1asuniu @3 Channel Encoder wag Channel Decoder avgntuly

Channel Source ftx;F]
Channel
Decoder Decoder

Encoder Decoder

f(x;Fj Channel

Encoder

3UN 3.1 Luvdnaeswesnsivantaevialy

3.1.3 wallAn1siusnnIw

walANsTudanmansawuslaldy 2 nau fie Lossless Compression (n15Tudn
wuulsigayde) uag Lossy Compression (Mstusauuugayideunsdin) dauansnmssilugy
71 3.2 lasfinrsananAnuLanATE A mELtULaE A WTEEanaUAY

3.1.3.1 mstudaninuuulaigayide

nsdudanimuuuliigaide (Lossless or Reversible Image Compression) +un1stu
danmlagamitarenduiuainndeyaiigniusauuubigadevziquammilounn
duatulaglifinsidsuulas lunistusnay fvsannmmudiiuvesiinigaluusiazun)
Tnefinigatianualuinafiunnousggridrsiaiodusauazoensiaiiotulfdudoya
dmsunsviunemvesinigadaly I@aWﬂL%awaﬂuLmemﬂuiuMWLLmuaﬂauquWﬂL%aw
AOINTVINUNEAT avgﬂum'ﬂfzjLﬂumuuuwawmaﬁgaﬂwmwaawamamwa

2n3UT 3.2 mavhawresnstudanmnuuuligaydedsenoudae 2 dunoundn do
fuusn Image Transformation LHuntsutasnmlvieglugiiuuiisonis uasdunouiiaes
Entropy Coding LﬂumiLsil”liﬁamwLﬁaa@]mms{f'}%’amwﬁauﬂa F108199an8354 Entropy
Coding lein Huffman Coding, Arithmetic Coding 1Jugu

A10819A0 Huffman Coding [40] Tut 1951 David A. Huffman uwag L‘W’e)”Llﬂ TN S| 8S
MIT Information Theory T#¥udalumsvimenuifieaeutasnadsunstumansanse
Robert M. Fano l#lsadenisvinsesulaglyimisniiussansnmitanlunisyi Binary
Code @3 Huffman tuliiannsonislag dvlfiuiussansamiafiaeldion uazduiias
ngansparanuanduluBudulniduadgatine lngldanuaaluniaiFesddumuniud
4949 Binary Tree warwuindabiuszavsnmann Tneiinadnsoonuu Prefix Code (130
U19¥azL38n31 Prefix-Free Codes) %mﬂu%@;@iugﬂL,wwﬂ'gaﬁmﬁguﬂ fanunsashluldlemu
oyavludue 14
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Compressed
Image

Image

- Transformation

Quantization

Table Table
Specification . Specification

gﬂﬁ 3.2 Image Compression Frameworks [41]

Tneiidanedsunisviesdl

1) eshdurasdodnuaiianunluiuis Taelidgdnvalidauniesdugeanog
uan

2) Wesaemsdydnualaesiiaiagn dvuadn 0 tadudydnualiiuy uas
svundn 1 ldsudadnealfen andulinnndydnealicaessauazunusodydneal
IwﬁﬁﬁmmmﬂwsLﬂuiumsl,ﬁmwhﬁumasamaqmmm%Lﬁuﬁ”’namé@é’majmﬂﬁu

3). MEINRILUT 2 asiis iy dnuaisinanamissaaneandulingulush
nsgvaunslut il 1 wavtudl 2 werlihisulisuniezmdedadnual 2 faevhe

9813 Asanuvasindndeyauisdsiiuseneusedadnuaifiunndneiu 6 5
lown A, B, C, D, E, wag F T,mﬂé’mé’ﬂmﬁmmﬁﬁiamﬂumSLﬁmwhﬁ’u 0.3, 0.1, 0.0375, 0.2,
0.2375, 0.125 AuaIay 99 suasniluuud nsun1stiuen

%8 n514159A Huffman coding wansdssuil 3.3 aunsnesutenisyinauldssd

i 1 Seaduauunsiluvesdydnyalvesdeyavzlindu A E, D, F, B, wag C
AU RTAINULAEI

il 2 finsandnydnuaidesiaaisanio B waz C wdiiusda 0 197U B uazdn 1

v C andumuandyanwal. B du C Talu B, € Fsfidrmaruunagiduindu 0.1375
(0.1+0.0375)
Ul 3 farsandydnvalaesiaangase F uaz B, C Fsflaiauiiaziduwiiv

o o

0.125 wag 0.1375 auaisu Avuads 0 19idu B, C (araudiaziduuinnin F) wasds 1

L2 L4

Tiiu F nunnduldi@udadnuel B, ¢, F Afldnanuunasduindu 0.2625 (01375+0.125)

vheludnusmdoansdydnvaianiinedeifo ABCF AUED Afidiauinaniy
05625 wag 0.4375 ntufvunden OliU ABCF wazdn 1 Wi ED winuanuld
drydnwal E,D,A,B,CF Feflanmnuunazduwingu 1

913U 3.3 annsouanenavesn ndisfalddanisned 3.1 msdhsiaEuein
Funtsesdyanwalinudunsveslnuasdydnualane lUddydnvalanying wu sva F 3

AMUUas i 0.125 Sduneinuie 1 lWSdyanwal BCF uadwiudn 1 TUds
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Fyanwel ABCF waziudn 0 TUddgydnualgaving aslasiadu 011 (wnusiaan
fyanwainiiananuunaziuuinnin) (Wudu
P[A]=0.3 P[A,B,C,F]=0.5625
A 0 777
R
P[E]=0.2375 0 ---
I

E 1

1
f P[E,D,A,B,C,F]

-
]

1

L

P[D]=0.2 1 I
D P[E,D]=0.4375
0 Lo
P[F]=0.125 . T
g _
F
P[B,C,F]=0.2625
P[B]=0.1
B
0 ™7
o
1 e
C P[B,C]=0.137
P[C]=0.0375

5UN 3.3 ns2UIUNSIIsHa Huffman coding

= v Y
A1919 3.1 WAUDINITLUITAH

deydnwal anutazilu AnSwE
A 0.3 00
E 0.2375 10
D 0.2 11
F 0.125 011
B 0.1 0100
C 0.0375 0101

3.1.3.2 mstudannuuugaidaunediu

mi‘ﬁué)(ﬂmwLLUUQ@L?SUN&W (Lossy or Irreversible Image Compression) ANl
a¥andufunndeyaiignivsauvuggidsuisdinazinuanlimiounimay Iny
neogiogilinisgadedoyail fnadeaunmvesniniiadranduiutiosiign uioll
anansauenAauanssld (uanemuyed) fregranisivsauwuugadeuisd wu n1sdu
Sawflotuiinamidle faufirnmiuasnanmsiusaeghimileuduiifier wilnanszny
flupunmves e ndntesfanunsageusule

13U 32 msfudanmuuugadeunsdiu sxiduneundng eg 3 dunou fo

TJuUnauUN1ILUaItayanIn (Image  Transformation)  Jumaun1T¥iIN1TInsEAUToY
(Quantization) Way TupounIsU1IRaLUINTY (Entropy Encoding)
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1) msuUastoyanin (mage Transformation) SudiuksnANAURTUILYNLUAIAN
TaLusums (spatial domain) Tugalaumanudvdelawudu dmensléinadanisuuas
T 1Wu nsuvasy5ios (Fourier Transformation) n1sudadlalusilsiseios (Discrete
Cosine  Transformation:  DCT)  w3onsudasiiniavlisieiiles (Discrete  Wavelet
Transformation: DWT) #sludunsuiideyaarlaifinsgayde

2) M3dnseiudioya (Quantization) Wutumeulunisdasedudeyaduussansilaann
nsuvas Tnnadwsiildazidumsuvasadudssaninisudasiifudnuaididudwoy
W SumeuiiagiliAnnisaydedeualuundiu deyafigdaifnannisinsedutoyad
Lidg Ay lvtiandugud iegnyjmueliannsoanuinadauazduiuvesioyalunis
iihsaluduneusioly Fetuneuisludunoudfylunismuausnseufiadion (ate of
distortion) vesnmilai1snduAY

a

3) MsLnsiaLeulnsy (Entropy Encoding) LfJu%umauiumaﬁﬁmﬂizﬁw%‘wgﬂufdaq
nasgnAuladundsia agnsldaiudnuenveIwsaznIngaIuIn 8x8  finlwa Loy
nadnsazlfrzesainanuimludniuigs fedidulunsBnusnazisuduainuden 8x8
vugnduineiieludugniiuien 8xe  Frudnwaniie annadwsvdsnismeuladasnuing
Srauguifannsadmoenifidusiuaumnn fewmilidetmdisviaiiaunsoandalunis
unulFiINnnssUguInAnAu BT slsiATa

fhegredanessunsiusauuugadsunsdnlann snnsgiunisdudanam JPEG 7ivh
mstusalngldvatianmsuuadlasmuuunsuwadlaledliseidss (OCT) 1nsgiunsTusn
AW JPEG2000  #ivinnsTudalasldimaianisuvasiamunuunswlasinanlsdelies
(OWT) uagnsiudalasldimafantsulasumsnita (Fractal Transform) iusiu Tusnuaded
FunsTusateyanmuuvgydouisdmlnenslidaneidu JPEG GsiisrvaziBonluade

dald

3.1.4 31105g1UN15TUTANIN JPEG

W93 IUNI5TUTANIN JPEG (Joint Photographer's Experts Group) 1dun1sdudnnw
g dsunsaau Tnedane3surananstuegfunisnsesuosniuyududniveuyudd
Fadrfnvesmnuanmnsalumsivy dufedrszduanuiduuawesnmviedvosnniiaing
nduAuLANAIIN ARt uiisndntiosasmuyedaglianunsasusauuaneily
Feduenuidunadunmduatiuanmsautadliidududseandanuiug Tnsausa
fuvseavimaniulfifierhnisneanisSudalildnmiuatudnads egndlafniuiall
Sudusoddnndudsrandlunisneanisdudn aunsnagivdulseansanuiigeunsanluly

[
a a

Inggaugydedoyaunediu IuuANRNgNaralazinasanuAINUBIN N NATNAUAY

¥
=) I =

ognslsfnlunsUszgndldass amiiaisnduAuiasiinunmgadeludfisadntes Tunisi
Tinmdnasludnsndiu 1:100

Fumeumstusadenmsgiumstudanin JPEG Ussneuiedunoudes 4 dumeu s
nandluguil 3.4 Buduge

1) wusnmidudiudesuunn 8x8 finlwa
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2) yhnsmdudszdns DCT luusiaznmgesiiioudastoyasintauusiunisliidy
Iatuueudiugudaansluaunis (3.1)

DCT “*(u,v) = C 1 ® 6/)Nzlilf x y)co{”(ngl)u]co{”(zggl)vj (3.1)

wgrafinsudasignidenldogiundnans esnduussaninsudasiildasdudn
Favdiuanais wazidumsudadlamufiamnsasunundsnuvestoyaididnylily
Asyavauiildd ndsnuvesdeyansearellutisduusransmnufigeiuunanios
3)  Adulszansiiavildazgnateuladiienisemeuladiiimun lngaunis
mMsmoulpduandlu (3.2) Wievinisimuasasdwesnunim mameulawesazimue
’jflﬁﬁi"]mummﬁgqwhlm'ﬁa]zgnaxﬁq?{iqmmﬂ'aaulmL%%‘Lugﬂﬁ' 3.4 1 9up91901M 55 IUT0S
JPEG
F, (Wv) = Round( FEU 3] (3.2)

Tnefl Q(u,v) Wudwutureinisaiaulag

Q‘ dl 1

4) UNNEIUTeIFNYsEaNsAND 64 A1RLRR1NNISWUAY DCT Y89 InNIUNTZUIU

S & e e

msmaulm%q%ﬁmﬁwszﬁw%wLﬂuﬂumﬂummumm Taeshumisiidudszansgnaeulad
ot lngaggn

a Q‘dw £ g

wiailrdugudtonududszansiduiusiunuigedadnadeaenuyud
\1sWeeae Huffman coding aaly

Image

Compressed Image

SXSELOK

[ oer | ——f ouantizing I_.[ Entropy Coder |

o0

16 (11| 10| 16 | 24 40 51 61

Ouantizing Table | o192 |12 | 14 | 19 [ 26 |58 |60 |35

14 |13 |16 | 24 | 40 57 69 56

14 |17 |22 |29 | 51 87 80 62
18 |22 |37 | 56 | 68 109 | 103 | 77
24 135 |55 | 64 | 81 104 | 113 | 92
49 | 64 | 78 | 87 | 103 | 121 | 120 | 101
72 |92 | 95| 98 | 112 | 100 | 103 | 99

gﬂﬁ 3.4 JPEG Compression
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(n) AWALRUY (1) AWANNNSUUDAAIE JPEG 40:1

3UM 3.5 Meghs (n) nwduaduuay (¥) Amannsdudane JPEG

=

U7 3.5 WuseganmilSeuiiisussninanmeuaduiunimiilaainnisiudase

=

9an9554 JPEG  MgdnsIn1suusn 40:1 %qwﬁsﬁagamqmwmmwﬁLﬂuiwamﬁam%
goydelyd

o

[y

3.2 ANEBNIINITUNNE

Fusausimsdunusdienduasldfimaiailiusylovimenisunng fiedesiionaed
nansunmdldfinsiauiegeieiiles iiossiaziaulinamaieilddaunwuazan
Usinadsdildlunisesauiniganiniazile U a.a.1970-1980 1dugreiiinstssuy
poxfmosinldanutazairsnmludnuaeiidundnealiieziduiniesonmsdaeuiinmes
inseaduenslevieindoanirasnenduidasniuigs dmumsdenmsiesdendinlud
Nndsdunisaresediondiudagtomnduiinamusasuunsuiidy Wehdudsnanly
suaurumsdeidurhlfAna el flunsnseitadelsanassnulsasoly Wolddd
& dnsimunlildnwdiedefadily aunsouansnmesnuiludnuusidnoadis
seazBonndnauEInTy aunsndsiusarfuiindeyatesnininuaietioaoufinnes
FszuuBuwesinlus s [azmnsandatu Preansiuuilsuildacls antuneunis
TNU LATANTZELLIAINTIOABYHANIINTINVBILTUUINS o ailusednsam [5]

Tutlgtuedosiionesd@inendinsldreufinnesintu wagununnsiniuydsun
T¥nsmuauieneufianesiliteyamiavinairadunmAdneaununmaiesadaisinm
Usnguuildy (idueunden : Fitm Analog) tleeenaflen 913U 3.6 uansnisiUSeuiiie
amsdoundeniuidnea FenmAdnealdununindvesiinwafiuansdouasiavluusias
finua netoyatidumeiuainimonn

3.2.1 AANINELATUTIANVIINTNEIBNINITWANE

AmEevImILERe  nniladstuiniiieUszneuniselunevidedonmanena
Asuwnnd Fedeldinivssleviiegaunnlunisesuisianudilatunszuiuniseneg Tu
$1MBveyEs MeenImILndgnasaisngdenaiifesendersanuinisiny
A IEAASIINITUNE wazArwANIIaNIsiUAats amdienientsunndlutlaqtuiivs
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dofilunmilddenuuiuguuuuresidnea Jeausanuiiulamivludsideu 1sans
#07avimy wautwdu vuduled wiseasunladudiuniiavas Bio-communication [42]
IMAGES
ANALOG DIGITAL
Continuous Mari of Pixels
Each Image Point a0 | 22 | a5 | a0
Brightness Number 1| 4 a5 | m
Film Density 43 | 45 | 44| 41
Color 42 | 44 | 45 | 41

JUN 3.6 \Wivuilsunmsidewndenuazidnes
UagtuinnagnisnsunndndidaiasAuyedsn 5 ¥ia
3.2.1.1 AWaNYLENYLSY

Wunmaelsfupeiuaganingiaenasd (Xray Image) 1inainnisuassssdiond
nasesmilliaaglugathunaieliAnnine Larluauiauunsessulivetuinam nw
lAdeAnannIsEuresS B ludwRuiay fesrusznaureseivizlaisdiondauisaniy
lUlrgn@vd)nmniauilanaziidan daudeiviglasdonduululaiie(Useed) am
Haunlanazddoanmmniont duandluzun 3.7 Wunimenaisdusnamsisen dundy

= Y = P Y Py S S ] a | P =~ o |
nseAn@eUsenaumewAaeNagusdTuiuluedey duiilulentedianniregaisly
< 1 1 [ 1 1 A e @ < a o Gl o < ¥
Wudwlugaglussddnnadiusuiududuandmemnson 1Wudu

UM 3.7 naeionaisy

3.2.1.2 nMMnSeddiudnadunaunnes
aSaddusnorfuneuiiamed (Computed Tomography: CT) ifussuuiinaduiu
deuAlatymssnimenasslunsiasieiiigosnisanuazideoauiniy Weosainamw
wnsstidunmdnvae 2 35 MlinineveseTuizane deurtuiudainlmiuninléld
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IoauUNe 1eeazldSIdend i uLR eI ULALNUN L TINAULHULASIUSUAT WL TLART Y 2]

ﬁ”a'@"m (Detector) nangdustegnigluiesuniniindu LLauLmuﬁﬁuﬁﬂLﬁm%ﬁﬁ%aa

&

flaq iywﬂmmmimumumLumqalﬂimaiau WielsiAnnmLaITanee B mﬂumuw
ﬁuaqLﬂiaamvu’mauawwum‘mimmﬂivmamaLL@”ﬁiNﬂ’]WMﬁﬂUW 3 §if daninitannas
Anandeyailegluasufiuned duduisndwiinsadieninuuy Tomography Aeiudlad
(Slice) #o aanunld 19y Tunnedrdlugui 3.8 Wunmssddiudnedeneuiiames
Ushatesvisanauuu 1udu

sUN 3.8 nnsaddudnenfumouiinnes

3.2.1.3 mwislanuududivanuisduaisle

Aslauuudiaindnnsodueisle (Magnetic  Resonance Imaging:  MRI) 1Ju
welulagnansunndiaasutuiiolinsitesemsmssmsdmudaauinnda Bues
olildldndnnsessediond wildnsmdnmsiiludeienennususznaudeiidudiu
Tne) Haduedeaduenflesddrduudmantviidesosnunldtmnaiewdouunuues
Tuianavesth udireednduadumiuifignudesesnulusaitluanavesidud andu
Lﬂ'%'aqLﬁumﬂ@ﬁ%ﬁwé’zy}zyﬂu%;ﬂaﬁlﬁlﬂﬂizmawawﬂumwmmaﬁ’mzmqG] a9 lag
otnwdnlaifihusznovedinainiildazdudunviomnseu dawefeaylativhegiios
wiasdulnssnmitliasduninddudemnd safunmiduenslesidnvasnseiudui
amenaisilazaniaddiudnenduneuimesfanslugun 3.9 Wuenusduinuedue
duiifunszgnuidelngsing szdddmiemein luvazfiausaarlviundwensfidnumy
adeenfariduvitenmeeuy Judy

JUN 3.9 nmanniasesduesle
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3.2.1.4 ATNINLAZDANTIARAY

AINAINLAS DLNNALAL (Positron  Emission Tomography: PET scan) Dunils
welulagynensuwngiideanisiinsifdadouasnsinssinaunausiug wazdaiauunn
Setumeuiu Tnondnnnsveanias PET avumnsnaainiaeses CT wazduenslosanlusn
Ao PET  9zendundnuuifniiin ihefefiinunilnonizuzitwdeiiefetnoziinswn
naeTMsIINNI e deund ieledefidouneasiinasinsmnangenmsiesasie
Felavdrunnniaziinismdnnisvesvmansdaadesunldsiudae wu nsldans
AUTURS9E 11C, 13N, 150 way 18F mi%@ﬂ%mmazammmimdﬂﬁ?ﬂua’"s’mm{]mm8
#199 1ulugunl 3.9 1unm PET-CT Aeniwann PET sndeudu CT (utagduiinisih
PET-MRI loaamae) ustauasn udu

g‘dﬁ 3.10 NW9ALATEY PET Scan

3.2.1.5 ANE183aNTIYIN
AMNE188an319136 (Ultrasound) 1uniwarednuszianniiasifinduyiuey

Y

Tagiamizmsnsiaganzmsnsnzedluasssd iunmilsannsdendudesninuig (g
wnuuywEnIedndlaiaunsalegu) wilvlussnmerugunsalivaylusuuuusngeg nsy
Huidesidaaas SuiBesasioundy) werlldneuanuaznigluy lnsendendnnisndionis
Hadssaviouvesdenn Wewniledoveseiorzme lusemeasiiannzmsduiinans
Tun1sih azviou uaginimdssfiunnsiaiu Judleszuulddoyanduinfaziuszanana
Wunwsioly dasulugui 3.11 WuamdliAnanmsidansenduinady Wudu Taegy
wildnuazadnosuitniindy vinalanesuuuitauniasduudnaionds @wnndi
Tnsunnnsls Tneaznaadug Lﬁ@lﬁé’@fmmlﬁmLﬁﬁf}gii'wﬂwiﬁimadwﬁu) drusuansfinag
nfeonasiunmussefsidnsfiinanadudediasfioundun

ANAIENIIN TN A Az UTEANTTRUATUNTTALAUNLA A1 ULAASIUANTI9T 3.2
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TIS0.4 MI1.2
C5-1/Abd Gen

JUN 3.11 D MENEdanI1w1I0

A15197 3.2 VUIRVBINTNANYNWNITUNNE

FUAYDININ YUIARUAING UR/NnLya yuravasn1n(lui)
Radionuclide Imaging 128x128 8 16,384
MRI 256x256 12 16,384
Ultrasound 256x256 8 65,536
CT 512x512 12 393,216
Fluoroscopy 1024x1024 8 1,048,576
General Radiography 2048x2048 12 6,291,456
Mammography 4,096x5120 12 31,457,280

3.2.2 ANDANTIY1N
3.2.2.1 Youmiaskuvosdansens

9an319729 (Ultrasound  %3® Ultrasound scanning) eaanidaaiugansigniinse
Senalglulnsu (Ultrasonogram: %38 Ultrasonography 38 Medical Ultrasonography
%30 Sonogram %30 Sonography) laun mim'gmmaa‘bﬁimmwﬂmaummmaamamau
THAnnm Fsanansansraiieordeston: (wad Welde e¥eas) A wﬂ,w,wul@mmm
UnAuaganuraunfdsanunsasaglunisidedelsavesunngla [43]

wwmuAnlunsiansgsualdnasntsunnsBulud a.a.1940 (n.f.2483) Tagiin
wilveuisiu sontulul A.a.1949 (.#.2492) John J Wild wnngynadanguusulddsa
Tuansgeninuiuyaerausniiunidnnsidansendnldiiensidestlse lneasusnldlu
A13R519A0MLR9ELE Feteunldsunisenderindudaiuidansienanniniswnng
(Father of Medical Ultrasound) wagludle.a. 1962 (W.¢.2505) urgwnne J Holmes, 3@ns
W. Wright uazifnaun? R. Meyerdirk vamuafupiewisiu 1é’§auﬁuﬂizaw§Lﬂ§awswﬁa
AS191IAN9NSALAE 15D wararusananeandvuelatul A.A.1963  (W.F.2506)
ROaINTULATIRTI9Tans 1R ALR R uNeg 195 nEnasAedesauTuladoaiilel
UsyAnsnmmanseesnsgadulutiogiiu auannsonsalinmlddud 2 87 Tuauds 4 57
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(1w 3 BRfTinsedeulmldnunuede) uazdasiaudeludniiefindannuaunsaly
nsidadelsaamzazaduaniodonses o

Fansrumddunduidesdelauigeniyuyedeslitu Tnenduidesiitnldlunns
Fadelsmasiinnudsous 20 Aladdntuly Ferdudosilumanisummdiunldtilunns
Fadouarlumsdnulsn wu Tunhenuresnsmansiiuruiomeniniida unndiinda
axrnldifienisasalsaluwnmslunansanilditadelseinly Ao wmdluaiv$ed
Inen wenaniuilives e wmdlsaila Hldsansenditdedelsamatile fisudenda
w0AlA (Echocardiogram 138 Echocardiography) uazgRusunme fldiilonsitadelsaves
MINLUATIA LarlIARIN UONENT

Famsensilidnnmldlnadendudssnsenuiuiedondeetony Adudssayd
nsasvieunduLaneendnnsienfua3adleun (Sonar) 109f9A1s Seildlunsiuide
fensaziioudsnduasdauindufiunninetuniuauniuturedodonie tng vl
Aamsasoudsniug SeuhlfRanmannisasteudediunnduiuluidedonies oz
wiazafiuazluusazeiavoddsn wndilesunisinduanemesaunsasun nmaniy
Wionsifaselsals edrdlsimuiodonseatvasiilinsassouds dilifiae Heldeitd
9IMABEINN LYu Yon wazdTldTnesin nsean warluaudiunielsndau Gedsiaqand
Judedrinlunisnsialsamedansienin

3.2.2.2 Yszlpviuazlnuvasaansignin

Uszlovil

1) annsosTiaiiieie/e Tz (wad Weide ofone) innidede/etone Wit
n1staneLse nTsdreuiames asieuasle iidwlinuazideadaauneinmainsa
ATRazdonitnmaNenYIiResamesiasionensle wiremaluladligeunnyil
N13RTI9ME8aNT191INLALTI189NN11N130TIIRIELeNTLIE AR LIRS LavteNa1Slaun
Faossmsousiolantdinaaitlulsemefimdwiamn nsenaidedelsaainUseifennisves
AURE N1395I931NY MIATIANNBIU)URNITTINAUNSIenTsdsTsunT uag/v3esans
%196 NANNTAIALYENITATINRSLBNTLITADNNUADS LAY/ A3 ateueslolane 2 Tu 3 ve9
AiVeld

2) PanI191IRNNATILABIANNNITATIIUBENILENYLIIADNNUADTULALLEUDS LONN
ms1zlalasediend (sdannnisnsaalse) aduwsivinvdenduing uazlifinisded (@sild
S veenideniiietierilinmannmsasadaeuiy) fuiudenunsansaslundeensss
Tudinmsn uarlumsasiagg lilesninenusdroufinmesiazainieneisle

3) sansnnadlinmlunsiladelalitanuvinenssdrenianesuazionsisle
uanlalldsoaninunnidn uwivasasoninaindadenneg aslenaniuds wazaldanelunisnsa
fsgnninan saialiansaafinaiiind Jamnefalfidunsnnalulsaibidudou Tu
nsnsaadesdu lunsnsaadanses (Screening) warlumsasaafiofanulsauazinauna
NNITINY

8) SansensamsanTenmLaziansneaeulmlunsyhouresiiefe/e ooy
duq  IFwmddiuldmunnundussduvazasia lusasiiamainienasd wenwsisd
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poufmeskavieneslovglvininds Faduunsaniunisainisasafiedansendieli
Uszlgrinnnninnisnsianieonadtss Lengsdaouiinlnesuasiou1sle 1y N13nsIa0m
nmsiauduivesiila MsenTansivaisuvesdonluasnidensiee L Uufu

5 Sanswnddunaudodduseiuaudd surtdussesnanildnsiedy
Uszanm 15-30 unit @uiveteasiideanisnsa) drlaifisseuiing vienadrafsmesda
psreadiatensnlunsssuagluguaedug uenainiu adudssladldauy wivdn laild
aduing wuluouensle uagiiddnlailissdiend (Gsdarnnisnsialse) wileuluionaisd
sysuAavensdnauiowes Jslifinasonisnateiugueseadidugadusise nionandy
finssiomsnluasss Swaunsoldnsslundetensss manluasss wasludinldasnsendn

6) danswnaliiin@edidinasadenlun1snsrmnlliouonaisdaouiaines 1oty
wouonsle FvhidusteradrafvsfionadelhAnlsalnFesminadian

7) infowmasanendiivunadnisndeutielding uasidesanlilididiond adu
wimdnvienduingTsansatlldlsnnaniui Lidudufesdiveaiondeatearuisd
vsoauLwlwan e lianunsansiatiadeiieloiay

nw

fausfinshsarnesunldlunmsamalsamanisumdauisdagdy delifissnuds
nathafesiigarladn innnmsasemesaneind snviuluuiseududiudosuniu
ihenaa Gel) ldvmidlusumimsalse neliniusuls Sainmeldios neomenud
Wi LU eueuABaRINIY (Antihistamine) 81n3gwnalanialy 2-3 Ju

3.2.2.3 Adudeenugailanisnsiaidadelse

panmsiauesnsldrduldesanuigs [44) len13nsa93dadelsn  (Diagnostic
Ultrasound) e &1”;u:dsé’fgzgwmzﬁmﬁf]ﬁém?{ummﬁgaLﬁuﬁasﬁg’uﬁ‘] (Short pulse) WU
Frginantevenst wazillerdudsinuigansenufuiasessoviailaidoiiiainaiy
funuides (Acoustic - Impedance) Twmninefuazifinnisasisundu AauLdssfiazyiou
ﬂé’umﬁwm?{auﬁﬂé’uL%’ﬁ@j@]’?LLUﬁé’agzgmeLé’aﬁaLLUiﬁﬁgﬁgwmﬁaﬁmﬁwﬁLﬂﬁaué’zgzgmﬂ?iu
Fosaudgilioglusudaynialni Ssdanralwidggnouiin vs1s Uuuds uas
Uszanananeudsluuaniauusenin Display) Inehluudinisldpdudssmnudigaiionts
n193ladelsnaInTalanINAURIBN NS 3 JUkUUAD Inslakaundgn(Amplitude mode
w30 Amode) InunANAI19(Brightness mode 38 B-mode) waglvuan1sndeud
(Motion mode %39 M-mode)

1) nsiaueunaga (Amplitude mode %38 A-mode)

JunwiifdormiAsvuduaunufondunmuansuesmagavesnauassiou (Echo) 7
Antususregnefindudssmiuigeinly nmnusueimagadannsouansualduuinios
wansndunszualniin (Oscilloscope)  lngiatsanansmaunszualiiindozuaninaves
usssulnihhunwinnu y) Weuduna Quuuannu x) Tudruvesrussiulninazuansan
yosuounagavesrduaryioundulazluduveafezuansanailunisiiunsluuazndu
yesndudssmLdgIINduUsEyyuiasUR 3.12 Tuﬂﬁ]@ﬁ’umwLLUUIM:J@LL@:JW%@@%M
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Apgnldiuuinin uwidulinisldegdnslumsnmialassasiamenigininegaiieg il
FUdoU LTU N1IATIIILLILNUNANYDIANBY

M_ﬂ n_ln

UM 3.12 amuuulnunueundgauuazoaninaunseualniii (Oscilloscope) [45]

2) IunaA11&@379 (Brightness mode s B-mode)

dunmaesdifiinainnisidygisiliinanedudssiagieunduiuanaiuga
mnuaiswagiinuuIen e NANATNYBIRAuds dgToundURsIUT 3.13 SERUAIING
YosefiUsIngiisuainuesmagavesrauasieufituiinld Tnsusunagngadudvuazuen
nagadazfudimaduluaufedn aonuuulnueadneduannsouanaualdviauuuninds
(Static image) wazkuuMWETouIa1939 (Real time image) lunsdlvosnwdiaiunmitly
wfidnvanlumieounmgedaiaannnsaunildinuldifissndaden Tuvaedinmatiou
nanasiunsasnulunuldaziinediedaidamnsenmwlunasusniiae lidesnin
264 pvseIuIi nMnuuisumnglunisudnmaninvedasiassdiiinisiedeuln wu amw
vasawiila

IS B Tiso1 Mios
C5-21Abd Gen

Lt.kidney

5UN 3.13 fedranmuuulninaintaing

3) Tnuansiadeuil (Motion mode %38 M-mode)

Junmiignosnuuuinaneifiouandlasiaisiifinisedeulm lnsnmlulvuniay
Bonandunisluninlnunainuainsnuansaluilsiduresnan anluluuadmny
dmsunisnsiaeturziifinnsedeulm wu nsasaialsaila mﬁfqﬁ’ﬂmmﬁuﬁ’ﬂa wIafl
Liamﬂmiuu‘wﬂmwwﬂ:ﬂmﬂﬂamammmam (Echocardiography) Fanmmandaziinig
wasuiivesinsessasuiuinvewiile mﬂiﬂw 3.14 ﬁ](ﬂﬁ]’]&JLLH’MW@Qﬂ’]WLLamﬂ’J’maﬂ
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o

vaalassaineuiziigniunainenin lngsumisvesdulsdyaia (Transducer) zoy

A7}

FIUVUYBININ USNUVDIATIa3199 787 NTn15: a0 U129 Tn150 8 UTUNT 0 AINUWUIA
YDINN FI9LAUTOUONTLULVDINITHARBULNILAINFAIULINUIVBIFAVUNIN

HFIH fd.8

SUN 3.14 fegranmuuunianisiaioui (Mu0: www.google.co.th)

nsdnemdudssrutguniglumsasnminvweseiyiznglusianieiieldly
n1995293898815A (Diagnostic ultrasound) lasupaufisntazilufieeusulunmnisuwne
o, ! a{' A = =~ Y = Y a4 o aad I aa ! v o
Wuogaunn wesannllollsauiisudefuazUotdeiuisaus) Ly 3501581801598
nsunve  (Radiography)  A8n13a1annSidd1uAnofeAeNNwe 13037 (Computed
Tomography: CT) wayISiouesle (Magnetic Resonance Imaging: MRI)

3
3.3 29AUIENAUVDININ
a 1 = a v dydl o ¢ = I aa aa Ao
ananantdlunuideiine amwsansignadududuniniinea 2 O& 1(x, y) 98 x
way yidufinavesnwSendinn (X, y) J31A1Audalasuesnin (Intensity) wsefiniga
Ingusaranazlsenaulimefinmadiuiuanntegm i umuIuIAYBINNLaLAINaLL A
Y040 Anuabi 1 (X, y) Wuamhdnealay udawnsadeuaunisiieglugduavsngla

[

a1

f00  fO) A fON-1)
f @0 f N f(@N-1
fooy=) 49 1O . 53)

fM-10 fM-1) A fM-1LN-D)

luauns 3.3 AudavAegluiumindasiseninddwuumivesnin (Picture Element)
vsefiniga (Pixel) lagunfuaifdiumiiasgnnin (0,00 ogn19aUd1elogaAIUULYBININ
N5IRAR ALY MIITEIIng g lUvI Tl AL un kAT IR AU LFUN N
a ! LYY 1 - = & L=
39NV UAEN Aeddegalugui 3.15 Badunmunimvisann
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'
=

5UT 3.15 amAdneanldnuifeilvuin 908X606 inlwa

o/ aa v
3.4 AMANYAULNNENAVDIVIYANIN
n1sUsELIANANNAInoatle N UaNAN MUIUTELIANA TATIEN UTOATUINAINIG
adAAIEITNTNIRNAAIERSAIEABNNIABS 1INQUTTaIAluNITMIAMENYALLANIENTD

v I

AudnwsAuTIN W Fefayaildainnsandnuneiieg vesnmvatudndudesai
fununmludsiaviiodenlssanuduiusseninenusludimsuiveayudiv
AYNMNIBVDIFIMNLATNLTITLRd S UABURLReT Sunuawleiavaunsowuaduy
Faunud faunuguine uassununndnvaziuin usu leedulnglunsieneidede
%mﬁaamé’ﬂwmzﬁuﬁﬂumiﬂwaﬂé’ﬂwmmawwwaqLﬁaL?ia’Luaﬁfmwm6‘] 435013 Gray
Level Co-Occurrence Matrix iTuisnismandnuziiuiafitdeuld iusndnunsidues
aludsinauiildannsadunlfidudeyadowiulunissuunasfinunivaudedotus
uenniifedeulddalaunsuvosnimlunistsvenseiuanmduuamiodasluninan
finnsansauiu Ssandulselevilunmstsumgiinssinuinunfveadedeidosu

=) o aa (% ~ o |5 U I
‘Viﬁ@‘lﬂlﬂﬂi%ﬂ@‘Uﬂ’]i’)u*ﬂafﬂiﬂLW@UWIUQ%UW@UﬂW?QNLLNUﬂ']ﬁiﬂU"IG]@VL‘U

3.4.1 FalaunIunN

Salaunsy (Histogram) [46] s8snmdunisiiuarauiessziuauduuamiod
Tngazriinisiasuauiineafifiisefuanudusamiodainieg n15ad1amiesuine
galaunsuanutsaalinsdiviunimseduasudunasdinuazaind Tnen1sduiae
FalaunIuau1T0MINITAIUINEIMTUNNTEAUAULTNLAINS o F AN YT881998911013
muadldantisvesauduiamsedlditufady Fisiuseiuanuduuamiodfiaula
azfuiivuadiuiuavesdalaunsuvseionin “Balaunsudu (Histogram Bin)”

Falaunsuduilsiduildlunmsesuismmmhasiduesmnutuuamiediiusngeglu
A dnuasruvesdalaunsuuenainagiinsmuwaiilidudoundnafie Aneglivasuulas
lﬂmuﬁﬂmﬂmimu%?agmaaﬁmﬁ'EJu"LiJGzJ'eNm‘W LﬁaqmﬂmsLﬂﬁauqmuaq%wﬁmﬂﬁ
funuganmTvesarsrduiansasuasannindsilvgalaun s dunislugun
Anudnunzvasiufimelunmiienldfuediunsvans

3.4.1.1 N385 19TALARNTUVDININIZAUAIULDULEIFIN

dmudalaunsuvesnimsziuaudunasdion 8 On Afianeglutis 0-255 Msduam

AdalaunsuvinldlasnisadisesisddmiuiAvadruiuganmdidarduiusfuiuandud
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(Index) vesazisdnoAIAuduLaITziUa1a Tuies SruauAvesdalaunsuduanduy
FatvunswumdsivesesseRiiumdalaunsy
N3AAUAIIUIUTALALATUTUE NS UN NI EAUAMILTNLEELYT 8 Un 919 U3 dln
wnsuduwinfusussiuauILEsEm T muaie 256 Ju TuRervesiuivetosisdT
A Balaunsuasnsatuavessyiumuduwasdivng wu Falaunsududl 0 wiedudezisd
$19897 0 SuartusuRnwaniesuuaiiidmseiuauuanisluniwwingu <o’
dudalaunsutudl 1 sztusuufinmaniesuiuadefitasysuanudunansiafi <17
wazvuiluGesy auiiadudl 255 uwidsundalaunsudutesnind urusssuaudy
Lasdmviavun duRetiesndt 256 Ju udaidvivesessdfuadalaunsuavidusdas
F1979952RUANUTLLES Wy S1suuBalawnsudumingu 4 Ju Tunmnedazdesinis
AurAvedalaunsud msugrITe Ut LLasEvY 4 Pasiiaule Tnensiivungasues
arudunasdnildlaglimdnnisvenisdaseiudyaiaiiuie enaiinisulsgisanudy
waady 4 Paefiiniu fe [0 63] [64 127] [128 191] [192 255] nswlstisanuidunasusay
a9 fuid 13end1 “Uniform  Quantization” wiee1avhnisuistasauduuaadu ¢
Frafiliividy Ssanansavlisendnnisses “Nonuniform Quantization” tues
yonanidadinisuiamiduiusiualaunsuvesnw luiitsendn “galaunsy
ANUBava (Cumulative Histogram)” Feauifuaaiudarauvesszauauduuaslunim
Tngpmafavauvessesuauduuas i Gozdusuufinmaniosiuiunsefidnsssuang
dunastesniviewifud i windulunindy Aenudasay ¢, annsaAmwInlaINMg

v

ueangalaunsy i lase
G Z Hi] (3.4)

[wansavinsuesualaduesdalaunsy  (Normalized Histogram) talaen1suis
Sraufinwaluusazdugaesiuauinmarasslunn Tnedueiueladvesdalaunsuill
Aunaneisuldfualentaniornuyresdulunisnumeaaudasasdug Tunw
[WuLAgiuA1 Normalized Cumulative Histogram aguanfemiauiiaviduayandnsu
Ju i Taq vieenmmunefadanuiiasdufissnuinealunmiaisesuanuduasiios
NIVsEWINAU 1 lalguReIny

MsfunnAvesaalaunsuannsadouduldniion (Pseudo code) ldwad

1. adnonsddmsuiuamdalaunsulasasiisruausundduezissivintu b (1w
galaunsudn)

2. Srarludalaunsuessd (Histogram Array) WilAwiiiu 07 feil

For yn9 siwnusly array i (0<i<b-1),do
hi]=0
End for
3. YNSAULIMNAEALALATY
uIudalaunsuiy b =256
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For 9N finwa xuagy, do
h f(x Y] =h[f(xy)]+1
End for
a9nudalaunsuiu b <256
For n1nq finlwa xuazy, do
nyiaaeudn f(x,y) anegludiavesivd i lavesdalaunsy

Hi] =Hi]+1
End for
\dlosnandalaunsuiirnadldidunstusuufinaaiifidanudusasieg faula
Tunw feduddesnsivisuiisudalaunsuvesnmiifawasmeiu smseziinisues
ueladvesdalaunsundonnunieyifuvesnmsnuanuidunasiug wnninsldmsalaun
sulagasaiiusannmsueseladiiolinmsieuiisuduluegsegisssy

3.4.2 n’mmqmé’nwmzﬁuﬁwaamwﬁqEJ Gray Level Co-Occurrence Matrix

@mﬁﬂMWZﬁuaﬁLﬂuﬁ’JLLMNﬁQﬂﬁ%’N%ﬂLﬁ@@%U’]Elaﬂg‘dLLUU%@GﬁﬂUmzLQWWﬁﬁ’ﬁm
uazdousgmeluuinamuiiiaula (Region of Interest) nsldfBalaunsuiisses e
msfaamzdayanisnsznaiavesaduuas tusfiasiseuduiusvesdoyadatums
sywinsfinia vildldanmsoldifuiunuresnudnsasiiuindfisuuuuidsdaseadis
(Structural pattern) lafun

muumimm‘um Gray Level Co-Occurrence Matrix (GLCM) GNL‘LJu’Jﬁmimmvm
affvesArnuivesnaifinsansyninidesineatissay inuasfiennfidmun fiansnsad
ANUFNTUTVDINITNTTINLAIVDIAIUL LA WT IR mLﬂuﬁumuﬁuaqamé’ﬂwmzﬁuﬁa
fifluseansnm Ml duifenldfuegnaniimasdmiunmsiesmgituinagdieluns
Sousuasiinladnunsdenlosaulunanls

Gray Level Co-Occurrence Matrix Lﬂuﬂﬁifﬂﬂmé’ﬂwmwﬁu wmelunniiiauelag

o

Haralick [47] 1ud 1973 Fadndinsgrnmlsndndusesnuasihanldlunguaufunis
Suundeya (Classification) uagldfinsiauinaziimeunsogien sl 1999
Tneidunsmenuduiusuosdeyafleglufinmanasfineadinfos  ufindadunidy
Snwagfiauiiddyanunsatiunlddmsunisssy Tngrieiuiifiaulafiogluamls  [a8)
flufiause ﬂaumasuauammum&nﬂ‘umiaml,iaqimqaiwuaqaﬂwm ¥aguen(Surface)
ﬂmaﬂwmywummﬁawumuﬁuaqmLmquamaLm (Gray-Tone) amﬂiuﬂauwu%’mmuwﬂ%
Tumsieuamd 3 egndldun deyarasedu (Spectral) Foyadnuaziiuia (Textural) was
foyaitlonn (Contextual) Tnedoyatrsndudunseiuisanaisnuunndswesandly
nau919AAUYeINTITUBLAULAE N8 1B ULIAvEsTIIAINLIIRAULLMAN LI
(Electromagnetic  Spectrum) ogadnyaiziiuinusznoudisdeyaifisafunisnseany
FuntwesmaiUdsunlasandnngluineiu Imaﬂmé’ﬂwmzﬁuﬁ'g 14 padnuaziinaue
Tno Haralick waganz TeUsznaufedoyaifeamdnumeiuinlunmsy anmduuuy
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e (Homogeneity) 1aadin n1sfewiendeidadu (Linear Dependencies) Aowunsna
(Contrast) 1MiFoud (Variance) Anadsvednasu (Sum Average) Lusu drudoyatiioniay
Usenausedeyaiildunainuienseun uinaiinisienediduegiudunuuazeinves
YouATiUTN ez Lduteuesn N

Haralick wazazldiiauonisldnnuinasduves Co-Occurrence Jurnadausnlngld
GLCM Tumiaﬁmmé’ﬂwmzﬁwmﬂwmﬂ GLCM 919138n8n081971 Gray level Dependency
Matrix T#fe1131 “A two dimensional histogram of gray levels for a pair of pixels,
which are separated by a fixed spatial relationship” GLCM 4840 W&@u150A 1 UIULAY
finnsanenudiiusaunanes d fAdvuslasiedl o wagyy 6 ilefiansannimauia
axa Tugy 3.16(a) afurniandin (Gray-Tone) 4 526U faust 0 F9 3 ANIIIBS GLCM
VBN NAzUEAINe5U 3.16 (b) Tnefi #a, ) WusuRSTiendm | uaz i Juiina
Fadsnudeulefidiruadenames d

Gray tone 0 1 2 3
0 #0,0) | #(0D) | #02) | #(03

#10) | #QD | #(12) | #1J)
#20) | 2D | #(22) | #(23)
#30) | #EBD | #(32) | #(33

(n) Gi))

g‘df/’i 3.16 (N) NMWVAEDY Wz (V) NINTINVBI GLCM

N oo |o
N N (o |o
WIN [~ |~
WIN (==

GLCM vasyal @ 4131 fio 431 0 45 90 way 135 wag ey 1 wanssslugui 3.17
(1) 89 3.17 (9 M9y

4 2 s 0 4 1 0 0
2 4 0 0 1 2 2 0
1 0 6 1 0 2 4 1
0 0 1 2 0 0 1 0
(1) GLCM 999 0 =1 waz 6=0° (W) GLCM 999 0 =1 wag =45°
6 0 2 0 2 1 3 0
0 4 2 0 1 2 1 0
2 2 2 2 3 1 0 2
0 0 2 0 0 0 2 0
(M) 0=1uaz 6=90° (1) GLCM ¥89 d =1 way =135

U 3.17 fheghad GLCM dwisud1 duaz 6 Anwineg
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N3UT 3.17 wussnddunuvaunasyihlirwaddiiaumasuiuuusaziuaidag
AU g9 un T o una U LRI NFANULMABLATUUUYIN NSUeTuRalad
dl o v vy ! A o vy o i a A & v
ANdasavlamen1smsaIves GLCM Adwalamemdnuiudvesiinisanidulyls
Vv Tngduinvesaueiuealadainudfiun 0 ety Nx(N, =1 lagfl N, unuaiy

v o =

geuaz N unuauniiswesam msdnssaudygruiainudiAgnes dunisiiansan

e

Auum  Co-Occurrence ‘U@ﬂﬂmﬁﬂwmz‘ﬁuﬁa InglanizduUsenouveq Co-Occurrence
wuvindiieglndiAssasiinadonisinnuantinuadendeiureanmdusgisnn fed
watududunilunsiadauedefuresnmunmuesnin laeudazfulsmardanuse
oduneTEauiBenldil
3.4.2.1 MsLaNA3AN O
wanenuIdelauaninaraten o Tuyaeain 1 69 10 lngnani1snaaeanuiinisidensd
$afinfranulfifufunuiiuinasBesdulinaligndes 1iaidenmstaniugnies
ysmsinnguioyadie o= 1248351 0=1 uar J =2l nadwinisdnnguiinfian
Tneldmadoasy Aefinwafieglndifesiuasiinundienisfuinnnifinadioglnasenly
TnglaniznsunuAshiuruinvesdulsnoulassadsiiuinasdieifinyssavsnmlunig
Jangula
3.4.2.2 nsLaanyy 6
lunne finwaszifineadnaudes 8 Ainwadsanansoueaduyy 6 16 8 M1 fe 0 45°
90° 135" 180° 225" 270" vide 315" agslsAmuiileRarsantiivun GLCM eiildannis
Fon 6 wiiu O aeilanumiieutudiildainmaden 6 wihiu 180 vinuuadnianunsn
ihldifu a5 90 135 fedudindentmusanludmiud 6 figui 3.18

135

45
L 4 ¥/
)/

SO
OD

Ainvwaitanila
JUT 3.18 yuiiarsanlun1sAuim GLCM

3.4.2.3 N15LAdNITAUNTIATEAUAYYIU (G)

N1IMIVULIATDY GLCM @rnsafmualagadimgegavefinigalunin Fofusuau
seaudn (G) Faududrudrdnlun1sAuin GLCM drg1uiumsesiulin anefsdosiins
fruaifioadadeyaiuinnnaulude Sadunnfuszesnailunsduinlasai
Futaulunsmuiauesisn1s GLCM azifudndrutudiuiuseaudimuay O(G)? [49]
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Fedulunstmuad G lun1sduan GLCM ADIANNIUNNANNYANIUAT O Uay
6 Mdululdimun GLeM  Hunistaitufadusudesded GLCM vesuunindauimnas
sudheananidunsagiieunduvesiunindamimasniuuuruazidunue stz
F1uaug AmTinesves GLCM vansAdusiusiundnnisvesanadisudiunds fegradu
ﬂ@ﬂﬂiﬂaﬁm’]ﬂﬁﬂgmﬂﬂ’]iLﬁ@%’]‘U@ﬂ@:ﬂﬂL‘Ua MFeudninedinisnsiaduanudidiums
Hudu anuduiudvesusasmsfiwesaesiiuin GLOM tufinnuddyunn Tnemldown
989 GLCM  afufudiususeivinm 6 Tngaunfiuifudauinsdureanisifingau
g, j) Iumiﬁwmmm@mé’ﬂwmzﬁuﬁa Aadandonldazrinsiuanlaeausiiurouy

'
aa=

a 4 [ & a o & 1% I
AINYUDI GLCM amaﬂwmz‘wum%mﬁawugmmamuaamqLﬂuwaaqﬂﬁnadmiﬂizma

% v =

ANDFUINS NS U edvnnilsusngluduruduius fuiue v duUsuATILA

A a

Ty dydnwalene suanlddmsuesuienaanvasnui

Ng
j=1
- Ng . .
i=1
Ng Ng .
Oy ) =D""g(, ) Taedl i+j=k=23..2N, (3.6)
i=14j=1
Ng jNg &
gx—y(k) = Zzg(h ]) IWEJCV] || - j| e ks O’]'""’Ng—l (3.7)
=1 jod

Tnei

g(i, j) Ao Mmwuds @i, )™ Tuwuasnd GLCM

g,() Ao mas'szﬂ,amaiumawugjazﬁummLsifuLLaaLLmﬁ' i" Tulum3ng GLCM
dnsulsiaysEAuANLLNLEIARaMY "

g,(j) #ie mas’amiamaiumiwu@jszﬁummﬁuLLamaé’mﬂﬁ i™ Tuwunsndg GLCM

AUSUBAALILAUAMUT LAY 1

v a

N, AD INUIUTYAUFLN LN

1 [y v

9,y (K) Ao waslenannugseiuaaduues (i + j) mudeulaninug

e

{ Ly v

9., (K) Ao wasaulenannugszauaaduues (i - j) mueulynimnug

Y

ANEdRNUSZanA LT AMULEdUTDY co-occurrence dlsiadl

]

= (% = 1 aad o [ Id a [ . . Gl
1) Energy wiawasnuAsAIdnavingInuaudugukuuingInu (Uniformity) %59
TuudiBaududuans (Angular second moment) 1un1sinAuduituiigukuuFeIiu

a1

niiginaiingy Inedunisasiamanuiaunfvesiuiy Awasnuaziiaigegamiiu 1 an

)=

WANIUFRIANTULTlRTEAUNIINTTAMIveLandnillaans oligUkuuL DUyl A

Y
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wasuduangnuesuealaduds (Normalized) GLCM  (g(i, j)) Insamdifidnwue
witlouriutiosazgsyauaruduuasigniufiniudiuau (entries) 1n

Energy= Z Z g, j)’ (3.8)
1 ]

2) Entropy 3ereulnstilunsinadfifertuanufinuninsennududeaureinin
wulnsYaziiduniienmldifuiuinludnwasiierfularesisenauves GLCM  7iden
fosfidrunuun fuihifdnvasdudouasinnliufiaglianeulnslas Anoulnstdudni
fpnudniusidudiunduiuandsnuesgiednia

Entropy=>">"g(.j)log, 9, ) (3.9)
L/

3) Contrast v3eneunTIadumadafiinnui@ewinunus (spatial frequency) ved
amuazidulunnsdinaves GLCM Tnadummunnsiisszsineingigaiuadaavesyniiniea
flogintu matniinamesniauisuwaduunniuiisosfiuandlunmm dmnnaiglunm
fiAnpounsIamuanidiel GLOM azildinizeguinalasseuvendunsiosyuuazuandyi
Juanaudneaiyaaidaiiumisiangi

Contrast= > > (i - j)?gd, j) (3.10)
D%

'
aada

4) variance 3o 3sudifuaadfifaarulddudodoafuniodegiuuusy
(heterogeneity) wazanuduiusIufufuiulsnsadfsusunilsesrurudn fetady
AfBauuanTgIu (standard deviation) Mi3eudaziinudiossiumdmiauansisan
Aade

Variance= "> (i — 1)*9(i. j) (3.11)
]
Toefl 4 Ao Anadeves g, j)

5) Homogeneity Wioauldifudoiderfunionisuwuuiy Araandsinazenine
luuidundureINanie (Inverse Difference Moment) Lun1sinA1ANANLUUAUYDS
amlaganuAasndmiuanuuanAsfuvesdssiunuItuuaies dsaznevauadlaiy
drutsznavuudumuessly GLOM Tnsasdidasaaidiedudsenouimualunmunioudtu
ATADUNTIALAZAUAILUUAUYDY GLCM  Tauduiusasetutiuduluimenaeinis
nsz1evesARnwaivilouty (equivalent distribution) MangANLIIAIAIINAISLUL ALY
anat aeunsaiiutuluraeismginuassinarigy
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: 1 - (3.12)

Homogeney = ——(, :

genel Z;“(l_nzg( )
6) Correlation oAU LSTILTUNNTTAAANLFUT LS LAt U U UTEINg
LQAd" (gray tone linear dependencies) Aelunin
2. 2.9, 1)~ u, (3.13)
Correlation = —
0.0,

~ [~ 1 a
e w, Jurnadeves g,
u, \Judnadeves g,
o, WA TERUBINRATEIUTEY g,
g, Wueh Standard deviations wes g,

dausslUilunaanvasiuinidududuasiwaziuinenauan vz uuLde
7) AaAsYeINaTIN (Sum Average)

2N,
Sunmi\verage=sa= Zigxw(k) (3.14)
k=2

8) ANaTINALOULNTY (Sum Entropy)

2N (3.15)
SunEntropy=se=->"g,.(Klog{ g,. (K)}
k=2

9) ANKNATININLTBUA (Sum Variance)
i 3.16
Sunvariance=sv= Y (i -sa)’g,.,(k) (3.16)

k=2

10) A1 suudvaINasig (Difference Variance)
. Dy 3.17
Variance= Y (k- 4,_,)?9,.,(K) (3.17)

k=2

11) AeulnsUveinany (Difference Entropy)
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Ng-1

DifferenceéEntropy=->"g, (K log{ g,_(K)} (3.18)
k=0

12) ﬁ’]ﬁuﬂizﬁwﬁmmﬁuﬁuﬁqmﬂ (Maximum Correlation Coefficient)

(MCC)= (seconldrgesteigen valaof Q)°*° (3.19)

touit Q)= 39 29

13), 14) Information Measures of Correlation

HXY - HXY1 (3.20)

IMCl=——F——
max{HX, HY}

IMC2=/ (& expF20(HXY2 - HXY)] (3.21)

Iﬂ&J‘ﬁl IMC1 @9 Information Measures of Correlation 1

IMC2 @@ Information Measures of Correlation 2
HXY = _zz 9 log, 9i
MY

HX fg Anasuves g,

HY Ao Amasaures g,

HXY1=-3"> g Jog { g1 9,( )}

HXY2=->"> g() g/ Dlog { g,() 9,( )}

3.5 Wlﬂﬁﬂﬂ'ﬁ?&"]LLUﬂ‘illaﬁdﬂﬂqW

MaNN15IRUNTayanIn (Image  Classification) uualu 2 35a7eriufie Image-
Centered Approach s?faL‘T;in%mﬂuﬂmmﬁi’]a;ﬂama%ﬁqu:uuai’waaqLLé’ﬂ%’LLUUﬁi’waaqﬁa%Wﬁu
Uszanainisalusngmsaiudedsiiaula uay Data-Centered Approach @uiuagnislunis
WayaNILUINgNkarTIMUNTBLA LU WUU Supervised  WUU Unsupervised  Waglhuy
Hybrid Classification Ingdnwagddyifgtesiumsihganmlldinsgiandsznisie
YA A uazAUsEdvesuazganiw negaamazgniudsudunimdeing (Object
Image) dadunguuosgaamidanuvsnefienta fenauazesuednuagiivingsoly

N133UNUsELANUBYAKUY Data-Centered Approach Jumsieseiileadfidiedn
Lonnguvesteyaganiniisiaaautiniaasiinieutuniolndidsadulidundudoya



36

Usziam (Class)  1iafuuazAnuenngudeyadifiauauifinsuassisfulieenaindull 2
Fnnsadl

1. Msduwunyszinndeyauuuliniuay (Unsupervised Classification) Wunisgnuun
TaUadan I lagdnludFnien1sInnguideais (Statistical Grouping %38 Clustering) iy
AnuautAvnauas (Spectral Pattern) wasingeineg vuiluialanfiassiounndeszuuiunin
Tnefifinnesilinsuanimdnuae fngiiunaauuuiiuinvesiiufivinaniundeu egndlsid
nsuundoyaiidndufesimundiuaundulidmidne

2. MsvuundayauuuAIuan (Supervised Classification) {unisiuundeyadanin
TnefifAnsginsudnuasresingiiunaauuuiuivesiiuiluuinafiasiesed duduls
anunsaimunfiegsvesteyauazUssanuuiuiafidondt #ufifiogns (Training Area)
deoifuiunulunsinseideedn udaniudnihdmeadailddluinisiesgiiud
nwanuadearldnadndauswauUssandeyaiitmua ey [50]

nuiTetgnanisdanassuillflumstuundeyauuulimuguiaztianyssgndldly
msduundeyanndansienadduiieideiaus Usznoudesane3sua-iiu (K-mean
Clustering) dane3sule@@duU (Fuzzy C-mean Clustering) WagdanassuilasdduineaLsu
(Fuzzy Inference System) dssanusanessufuioaldiuethaumnsnanslumnuidoniadn
MU LU Ade [7) 331 [37) (51) [52] (53] leeilimguszasdiiionsnuozvsoda
Ussinnidleidosineg utemnsessesveslsnainamaienamsune

3.5.1 danasouA-du

LY ae S < a (3 [ ! ! YA Ao

ganesBua-du [54] Wuwadanisiuun Case oanilunguees 3xldilleddnuiu
Case 11N IEALABININUATINIUNGUNITDIIIUATALADINADINTT Wuimualid K nay
nallALA-IUAiin I nuLUUILE (teration) Iaelulnazseuagiinissau Cases luaglu
naulangunils lnaldannauil Case Hudls¥EE19INAINGNYDINGUUBLTIAALAIAIULIAT
nasvangulug nwulaunsensrnalweinguliivasunlamsansuinniuseuinnivun
17 msinszerrinedmludfndenldluisin-fiuduis Euclidean Distance luaunis (3.22)

v2

p
B; & Z(xik =Xy )’ (3.22)
k=1

8 IUIUAIUYS
9 NUneANgUBE1(case)
9

k

X A o % dl % Aa .
ik Ao dunistoyad klunqudeya case yaiid i

X = ° % d' v A a .
ik fo dumiadeyad k Tundudeya case yafl 7

5n13

1) duansusu 9wau kA idugagudnaiasuduvesudazngy (nitial  Cluster
Centers %58 Initial Centroid);

()]
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(% s

2) ymImenszerisenideyaiunaudnavedusangy vindeyalnulnden

aaudnanengulruingnasgnintiegnguiu

9

&

1 o

3) fn1sAade (Mean) usiazngu wazimualiiluaiganans (Centroid) Tu

' ]
v 1 a

4) nduludade 2 vihanugiaunseniatadslunsaznauazlidsunlas Asandlu

U7 3.19

Number of Cluster K

A4

Centriod
v
No Object
Distance Objects to Centroids
move group?
+ group

Grouping based on minimum distance

SUM 3.19 Tunaun1svinaIuvedanastua-iu

3.5.2 danass N Yaiy

) A A A Y] A A vy ' ) & v YY) =

Pane3tule@diiu [55] [Wudanessuneenlvdayalundasadawmesiinisdeuriuiuvie
F1iuls 3nstimules Dunn 1wl 1973 uazusudselae Bezdek 1wl 1981 finaggn
anlglunisandsusuy Tasdinisuszanaldisnistlunisdnnguegrawnsvatglusmusiu
AN99) WU ANSHINE Inenrans wagiAanIsuAans Ingeidenisirainisiuaniinves
%@yjadaﬂﬁjmﬁagamm N15be LT IAIN1 T UANITNAIUNTINID1NNITTATEEENITENIN
ToyauarnANINANVINGUMEITY M3 InsgernaRllaNaAtyson1sinngy 8435nsTn
szegntuiivaedsnisenatunisinsseemanuugadifiew (Euclidean Distance) #50n13
Tsregmakuudmantuld (Mahalanobis Distance) ﬁm%’umﬁmzazmqqugﬂﬁﬁauﬂu
Lz Audeyaiifentiesiu dmiunisinsseenisiuuamanlulatumangdmsungy
Joyanilveyalaneananngy (Outlier) uazndudeyaniivayanuiiiumigg

) ' Aaa O & A ) A v o ~ A

n1sdnnguuuuiedaiutudumeiinlunisdanquiniladedsvesa-u Weoinia-
= = o dl' a" vy = [~3 a = I 1 d" 1 gj = 1 [y}
fuiinsimuaeulvilvdeyailemailuaundniiesngulangundariniu ekimaunedy
Toyanilmuduiusiu (Correlation) uwinsdnnguuuuilediuaindnvesnguillenianion
maduaundnvesteyaseduniag lunng nqu

JUANDUNITVINIIUYBINYTTHUU ST NDUAIEY



38

1) fvuangudoyaidesnisiangy  efvusddeulvlunsvganisdangs ()
AvunArfiedinsidines (m) deiosnnnimils uazdvungeguinansGuduvesngudeya

2) Anumnsiluaundnvestoyasiendudoyasiigeg

3) Aungaquinannguteyalmitazninaaeueululagnsaaeudnaduandn
TnsdauAnisiluann@nneunth

4) fdeuludussemunannmaduaundnuay Objective function drdeuluduiiia
AN sduannangagudnaaidn (sau)

N135ANUIAL Objective Function @131150AIUUAN

C n
J=> > (u4;)"d*(X,,Z,) (3.23)
i=1 j=1
Taedl J o Objective Function vedunouisle@diiu
Amualiaavesdoga X ={X,, X, X}
n A TuIudeua
¢ Ao IUNguToya
m fe Hedwindwesifosdannnnia 1
¢ 7o Anadugindn (Membership) westiosadt J Tungudl i
d2(X,,Z) fe szszymegnidsansssinedoya x7 j uazgngudnanives

1% P
toya z naun i lag

b ARE S er]zl(’uii )mxj

T T (3.24)
Zj:l(’uij)

nsmamsiluaindn g, wandldainaunisdail

[1/d*(X, -Z)]""™
Do AL S (3.25)
> d*(X; =Z)]

Myinszeeseninlayataranaudnaavestoyauuugaiideuansamiaain

ED; = (X, =Z)(X,;-Z)" (3.26)

lng?l ED; e szozneuuugadifouszuitedeya X fifl j uazqn
Audnantoya Z ngui i
T @ Transpose matrix
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(% v 6

nsinszegmsuvamalulatumngiuteyanianuduiusdeiuasnsameanla
NGAT

MD;; = (X, =Z)A™ (X, =Z,) (3.27)

lpg#l MD; Ae szeymsiuusmalulasswinadeya X dhl juazqe
Audnaloya Z ngudl i
A 8 covariance matrix AMUINAINANNITAI]

o 2aX =2 04-2)
n-=1

(3.28)

TgavlauAN1TYNUYeIieREiuiin1svinnudeun 3.20

Initial centroids
Z1,72,73,....7e

¢<

Calculate membership from

The given centroids

v

Calculate new centroids

Improved

Centroids

Calculate Membership

And Objective functio

5U# 3.20 TumeunsvintanuvesdaneIsuilvagiiy

3.6 STUUNTBYNUNY
srUUMIeYINUiled (Fuzzy Inference System) [56] LHuszuuiiniemquijvesiled
in (Fuzzy  Set) wldflunisuuas (Mapping) a1nAdunmvesszuulUilurnesinn n1s
ausuilediley 2 T8lue)q) Aeuuy Mamdani Waguu Sugeno
TuemAfedldmsoyauileduuy Mamdani fadufifeunnizuds Bmsoyuuitedi
ﬁ’lLauaLﬂuﬂ%ﬂLLiﬂiuﬂ 1975 lner1@n$12158 Ebrahim Mamdani wits London University
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Felunfausniiiaveduldldlumsmunundesinslotuassiodulet Boilen Tusui
diauetuiinisuszgndldngesilediiaineandifeoasn svruniseyuiuileduuy
Mamdani Usznaulude 4 duneu fonsviniled nmsuszidiunguesiied nssaanguagnns
yhdfledseneandeatelud

3.6.1 M@

n3vied (Fuzzification) AN sAuinmAszAuALTuaNNTNUe YRAIR LU
awasiuusluszu lutunouusnuesnseyuiuiiedazsdoshnismeiszduarndu
andnveswafananvesfuusdunm TngAvesiiudsdunniiiungluszuvazeglusuves
Adsinarlaeddandulsntvkazandenwiisinuallunised 3.3 vdminduud
Asunaduaindnvesdunmeitug asannsomldanileiduaindn nisviileduesd
wUsBunnasiuagfunguasiiedieiduiu osmndunmamisg wiinadenguesileduis
Fowitiu finnsananmsfuamasgiuauiiuadnve sBunpaiauianainaingud
3.21 nAATIRaNaInT -0.67° C Budurflegiian N (on ‘au’) uag Z (em ‘gud’) tu
Fodmiuilsituaundnuasainnufianaindidmun dn 0.67 °C dnrnduauuazainy
Hugud Tneifszduanuiuandnvonss N 1301 miduay) Yggy) WiFU 0.36

warlisgrumnuluandnvenen Z W3enluang) Y-z WU 0.62  aagnail

< = ! a o & ! v A ! a <
wansandduilagvesainuiianain -0.67  °C fegadniau dumerrnuiianaindy
an¥nvesisnuluavuasanuugud willsyauanuituauduinairanuduau @nen
(Y < a (- ! a v v v a !
seauAuluandnwianu 0.36 uag 0.62) WwulpgINUNUIRIINTSUAsULUAaswRIA1IAIY

'
a =

Anmanadl +1.67° CANT Gaandlaituandnidmun Fi’]ﬁﬁflgﬂﬂ’l’mLﬂU@NéLLﬁSﬂUWNLﬁUUUﬂ
Aotfurnitogiislutem 7 (‘qud’) wasion P (‘Uan’) sMedssiuanauannuii 0.35
waz 0.64  mudIny (Mszruanuduaudnviveninsasinisilasuulasvesainiing
Rawatn +1.67  °C/wdl devnumduvinuinninaudugud) dunnindiiudseiniy
Ranaindiseauanuduanidnves ‘van’ wiadu 0.0 avumeanudlilasianuduuinias
TurhuesfefuiulssnsnisiUasuudasvesannuianaindissiuanuduaudnves
‘au’ whitu 0.0 Javmneanuithildlanuduauiae a?dﬁhsz&fummLﬂuam%ﬂﬁumﬁmq

a

Suneluguilanduaundnlansil

HError=N) £0.67+0.36 (3.29)
Hgrror=2) £0.67)=0.62 (3.30)
Herror=py £0.67)=0.62 (3.31)
Herrorrae=ny (1.67)=0.00 (3.32)

:u(ErrorRate:Z) (167): 035 (333)
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lu(ErrorRate=P) (167): 064 (334)

A15199 3.3 FLUTAIILATANTINIY

FEUU Foduus AUNUNY ARILUT AURNY
Bunm Error | A1AuRenwan | P (positive) Buiuly
7 1 Z (Zero) NoR
N (negative) SouAuly
dunn | ErrorRate | gnsinis P (positive) fdadouiu
7 2 Wasuulaswes | Z (Zero) LiasuuUas
AmnuRanatn | N (negative) mMdauduas
121N Output | owinmvesszuu | H (heat) Wauedesianuiou
NC (no change) | lilideuuas
C (cool) Dnedesrheauiu

Tuangn

AUAITHL

%

: r 0 +1.67 45 +7
A1AHEAWATR (°C) ansnsilaswidasaianuidanain ("C/ui)

(n) ()
Ul 3.21 (n) szduarmduandnuesdiaaiianatnd -0.67 C lrieszduauiduandn
199 ‘aU’ Wiriu 036 wayszAuANduau1BNves ‘Aud’ wiidu 062 (v) §n31n13
WasuulasvesAmaiianaind +1.67 Canit Wasesumnuduaundnues ‘gud’ winfu
0.35 uazszsuauduaundnues ‘uIn’ Wi 0.64

3.6.2 MsUszifiuANgvaIHeT

nsUsEliuAINgUesiled (Fuzzy Rule Evaluation) nasnAuaamiAseauaIndy
auTnvesdunaiavaaldudy dunouselufonisussiiuamesiuusildlunguesiled ns
Uszifluangiananivziudiu IF ﬁmﬂivmﬁLﬁaﬁﬂmiﬂivLﬁu'jwmfa"auimmﬂauwmfuavﬁﬂ
binglasiesnszsiilugau THEN slaly ‘(J\‘i’e]’mf\]uuﬂ{ﬂ,‘uLQ@UI‘UMﬂa’]’JiJ’]ﬂﬂ’NMUQﬂ{]Wi’em‘] i
osmnainszuuiidunauinniinis @sludednsidldaauianainuazdniinig
Wasuuaswearmuianaia) LaaulsumaaLLmazauwngﬂUizLuummamﬂiwwaaﬁw
WAL AND wie OR Lilelvldnadnsaavneidumiiaviiannsothluussidudidiu THEN
fsmendzgmitluvssdufionssdumimduandnvesiulaodnsluiunousoly
f300EINTEI OR 9NWguiiendzladn



a2

Hang (X) = max(ua(X), 4g(X)] (3.35)
Tneft Ua(X) Ao fasduaundnveasn A

Hg (X) Ao fHenduaundnvesasn B

pg19lsARfINTEYin OR  anunsaildenulavataetgne endlegnadu dansesin OR Tu

® . & 1% Iz 1% 1Y Iz aa '

MATLAB Fuzzy Logic Toolbox givian1slaWendy max U1esunazfentunisadaisenin
probor IBNaTILTSNUANR (algebralic sum) RSl

uap gO) = probor|u (9, g ()] (3.36)

= Ua()+ ug ()= p ()% LR (X) (3.37)

1 al v v @ [ = ® . = gj ¥ & &
WwuLRgInuAuAINTEY AND &9lu MATLAB Fuzzy Logic Toolbox dvisnslawendu
min wagilentunanns prod Al

£ n B0Y=minlu a0, ug ()] (3.38)

%39
. n B0 = prodlu o069, g ()] (3.39)
= Upa(¥)x ug(x) (3.40)

Tunsnsainmslileiduresiinsgimesaiunnsnetu enaazliinaidadiniauiiuandng
fulsmdaanUszifiudvosaziieuluarsiutoulslunsdfiflinnnd 1 Reulaludiuves
F udeailfargmislulseifiunainngdelafideosgniiansanludau THEN sield fansan
feessruumuANgMMgRTsiinguosile@ionun 9 de Foulvvesdunmiindsldun
Error = -067°C #slvienszaunranduauinges N uay Z Aliwifugud Heuludanaind
Annningudnazegludim IF vesngde 12 4 57 uaz 8 luvaziteulvvedunaiiiass
1¢uA ErrorRate = +167°C /it FslitArseiuanuuaindnves Z uag P filivinfugud
wazogludan IF vosngil 4 5 6 7 8 uay 9 ilevhinig AND (dfileridu min) doulvresiaes
fifilaifumudifodoulalude 4 5 7 uas 8 Tnsanunsoagulddd

1 IF  (Error=N) AND (ErrorRate=N) THEN  Output =C

IF (036 AND  000)= 000 THEN  Output =C
2 IF (Error=Z) AND  (ErrorRate=N) THEN  Output = H
IF (062 AND  000)= 000 THEN  Output=H

3 IF (Error =P) AND  (ErrorRate=N) THEN  Output = H
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IF (000 AND 000)= 000 THEN  Output =H

4 |[F (Brror=N) AND (ErrorRate=2Z2) THEN  Output=C
IF (036 AND  035=035 THEN  Output=C

5 IF (Error=Z) AND (ErrorRate=Z) THEN  Output = NC
IF (062 AND  035=035 THEN  Output = NC

6 IF (Error=P) AND (ErrorRate=Z) THEN  Output = H
IF (000 AND  035= 000 THEN  Output = H

7 IF  (Brror=N) AND (ErrorRate=P) THEN  Output =C
IF (036 AND  064)= 036 THEN  Output =C

8 IF (Error=Z) AND  (ErrorRate=P) THEN  Output =C
IF (062 AND  064)= 062 THEN  Output =C

9 IF (Error=P) AND  (ErrorRate=P) THEN  Output = H
IF (000 AND 064)= 000 THEN  Output = H

91nen Error = -067°C uag ErrorRate=+167°C /Ut slualvidiu THEN dafide
fhudsieniwnvasngto 4 5 7 wae 8 gnusmiduArludunouseluessdumamduaudnann
Goulvduwaludiu IF szifushvenitfuusiondmmaiisusisvesszfumisnduaundn
atls IneflsiduannBnuenorinmnazgningen (clipped) W3agnusuauia (scaled) Auna
Aseiuaiiumninvesdufoulvdune IF thies fauanslugun 3.22 SausfHinsdngen
fledduasndnvessuysiendmmasyliiAansgaudedonaunsdin umisnisdngrnduisa
Suazdredmiunasum sulunmildldussnanaludunoudeludnde sU 3.23
Wigulguszningisnsingenuazisnisusurum

3.6.3 N359UNJ)

13323 (Aggregation) Mdsannngeiney gnusziliududy ngitinaluivittugudazgn
sudrfefulasmssiunadwsvesitsnduaminiiiunsusziiud (Qningoavieusu
yun) venuaiade fudueaiordmivunazduusiondn anssungagldinsssi
giilou JUT 3.24 uAMINTIINNYFINANINTILUUMUANAMYENTAAIRANA AU
10.67° C wagdnrnmaBsuuaseamnaRnnaiaiiy +1.67° C ludunousoluazimans
sungiluanduamfiaudsifievnerluidlunsussananadely
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rrfdawag (7C) darnlReulae
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mansfianas (°c) Frmmsn)Soualse
AR INRRanR (°C AR
ng 8) IF (Error=4) AND (L2 rorRate= P) THEN Output = C

JUN 3.22 MsouunulaFLUY Mamdani

JUN 3.23 msusziliuanilanduaundn (n) Idagen (1) UTUIUIN



a5

™

oLEE a.62

AT e 3
{
\

Lad . \ L 20 : 0,335

oW )
W Y \ "Ned

nga ng s nga? ng 8 RETIHNG

9

gﬂﬁ 3.24 HANNSTINYYRY Error =-067°C uaz ErrorRate=+167°C w1l

3.6.4 NIVINATH Y

n137iiled (Defuzzification) ndumeuisnuIsutunoutl Amnee Tussuuilumn
e lidnaziludune ngeneg Mselondnm A InsuNIZuL AMveLIANAIZRBIgN
waslviegluguiianansoldauldasatu mdygraussiu mdyginuniuny 1a Fa
wiandlsiannsoiludiledly mszailedasduiidilaniglussvuiedvindu dafue
aniheidnmesssuuazieadudndniau (Crisp Value) nisvhiilsdfetuneulunisuvas
AAINKansTINng eglugUvesmdniay

FBnsidfsdduiivarsuoy Fuddduitenldoautuedrsunsuateie 33m
aAudaae (Centroid w38 Center of Gravity, COG) fi1 COG wosiladian A ludas [a,b]
annsavldneuduiusfmelud

b
[ a(xxx
CQE = rard— (3.41)

[ (390

e Ua(X) Ao feituaundnvasian A
Hg (X) Ao fanduasninveaan B

TumafuRnisauins COG ausamlaaindeyanistniiognedsil

o6 - zx;auA<x)x
DINIACY

fiansanednmvesssuuAIUANgauilusuN 3.25 A1 COG anunsaAialanall

(3.42)

[

ALeNANlAIINNISYINATeRYINAY -43.33% Tinnuvunednssuudesdainsesin
ANILEUNTEAU 43.33%



a6

A
0.62
0.35
- N
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> % LOTANA
-100 -50 0 +50

a

5UN 3.25 MsvihaledvessyuumuaNguml

Y

3.7 m3daUszansamlunistvdanm
myinUseansnnvesdanessunstvdndeuaiduinaeidfydmsunisidendanessy
msbusadeya mataustansnmaesnsusaanunsafinisanainuansyuuestuogifunis
thluusggndldauidosnsae duaunsdusaiild annmvas Objective uaw Subjective
voateyanadienduiu mndudenvesdaneisy anusrlunsAiuin Wudu (1] Tu

[

enfinusiifarsannsiauszdvinmnstusadeyaninuiadu 2 diudesdadl

3.7.1 onsnstudnnazituuindeniegig

gn31nN130UAKaZIIUILTAADA9879 (Compression Ratio and Bits per Sample)
\Dunsianldsuanuiondwiuldinuszansamvesdanoisunisiudateya fonsm
dandruiiofamnuaansalunisanvuinvean miignusaainvuiare s niuatuds
Fund SnsnsTud (Compression ratio: C,) Wnerimuailugnsdinvessiuiudniiuny
Tunwsuatuvdnnulnvesnmsunudeyafifudn 1wy #91sannmauin 256x256 Faanns
65536 Tusilunsiiuiusiazinwawnuseluiiies madunstusanmdianssaiivle
4096 lusi Shsnmstudaitldandaneisuazidu 16:1 Mdnlaudnsnstusaiiagamuneda
ansadudadoyalsnn Jsmnudsuutamessnmnisdusaie Siuiudasesiedns ns
i dumsuansduauadevesdnfiunusognfisvosdoya Qunsdrsianimiu ese
fina) 61 65536 Ainwavesnmgniueniiu 4096 Tuv anunsauszanalaindanessududn
Ishadey 0.5 Snsefiniwa dsaviwiudndesediimgmneisausadusadoyalsdes
Feenunsadualfneunis (3.43)

_ e ansian mauayy
C.= (3.43)

uudaniisiadeyanmiigniven

lnealuas
quality) Tunsel
WUIAUNMKALENTINMTTUTAURE UL Ul UM UG N WUEYT T IEALLBEATDINN

dnsvaevendelds seninagnin1siudaiuannInyesnIn (Picture
n9nsn1siudagaslinmmadnsndanisiudadnmunindegiglsiniy

3.7.2 MIINAUNMN
N3inRAIN (Quality Metrics) w3aA1ugneas (Fidelity) dimnudidgyunndmsu
danessunsdudauuuggdeuisdnluiale am des WWusu esndeyaiiadandudu



ar

sslvanduadukaramnInueInIsassdayanduAnIE s lage A sy uun1sSuves
uywd fegradu MlifanuuanseszninsdeyafiairsnduAutudeyaduatu awisn
fudulsindanessunisludniinunimgevieninugniesgs mnuuanssvesdoyaiiaing
ndvAufiudeyafuatuazienii Distortion JUwuulumsinamnmaunsawusla 2 suuuy
Aa N3IAAMAMKUUBINITTUS (Subjective  Measurement)  Lagn15IAAMAINLUUBS
U310 (Objective Measurement) lasn1sinamninuuudenisiug asiuegiugglaseguu
flugrureanisiuivosuywd lurmeiinnsianmuamuuudsuiua aglénnsduamumi
AdamARSuEaNTUsINMATIEER Fediandoaduiolul
3.7.2.1 MFINAMAIMNUUUBINTTFUS

Myl muuudinsiudidumsussinamvesidanauisau dedealmndunsuun
ANAN9reINITaNng Mean Observers Score (MOS) winstenaidunia Mean Opinion
Score Failmannmang3SAllunisdiuin 33w Aeadilfaindiurugdunmazgnguiden
Jdieussanuamamnsoniureanitaendudu lnennimaadenwiigndusnuas
amitairenduiumnazlddaneituientu Jufdunnudazauszivuadaauazuuudiniy
awitainduduanlngduegiunstouiurenumionse suavazuuuiidsening 1-5 ay
JunseBunefananInueanin AxiLY 5 mngfenuningsan wazazuu 1 10unaning
u8ign AadsvasasuuuildanddunmiavnaziFendt mean observer score (MOS) uag
annsnfarsandumsiaiianmsahluldnuldhidanmimuaUssdunnnisldidouly
nsueadiufiniiouty venarniddiauunndaslunsiuadudldun nswisudiouen
duysal (absolute comparison) N34USE UL UA (paired comparison) NMSATLINRAUDA
(blind evaluation) {Jusu

A15197 3.4 TU- quality and impairment scales

Quality Impairment
5 Excellent 5 Imperceptible
a4 Good a Perceptible, but not annoying
3 Fair 3 Slightly annoying
2 Bad 2 Annoying
1 Very Bad 1 Very annoying

lus3de [57] adn1sudn mean opinion score (MOS) anlglun1smiAnInyeInIn
PEA5N1INAERU double-stimulus impairment scale fiU five-grade impairment scale
muildiinnseSurelilu ITU-R BT.500 [58] fannsnsdl 3.4 Tagvinsvaaeufvgdans 20 au
Alsifusraunisel udnhefldunduiueuannts 3.44 wdinisuisuiisuiuisnisie
ARNINEE Objective (Picture Quality Scale: PQS) Falgeiilndimeaiiu

5
MOS = Zip(i) (3.44)

i=1

e | AD AzLUU



a8

p(i) Ao Auaviluvesnzuuy i

3.7.2.2 NM3INAUANULUUB T
n3inAuAINRUUBIUTIaduNTUsERdaIaININn NS TnkuUBIN1sIU freens
109N15TARUUB TR wanewuuiifeuldlunudde (391 [59] [60] il Tae
wadu 2 dwde drunsnifumsnisiuimmasuadaildanam uazdiuiiseadunis
WeMssuinsueaiuvesywduUssandly
1) Statistical Measurement LJun15IAAMAIMTBINTNFILNITNAIVNATAAERS
warnsUszanaenludeannneg el
Mean Square Error (MSE): \unisinaunmednsiefemdsassade
(Mean Square Error) YaaARAANAIASoUNAS LS e TR L ARNEIATE AN
widlou (Fidelity error) a1A1 MSE HiunmsTaanuuansnavesnmduatiuiunmn
189N131 (Recovery) amauINN15iudataya neUnfiasnuitnImmaenisnamn
Auannmstudadivian. MSE s azigauaimianinnnmdsnisuinisdusailiiean
MSE g4 slaasinis (3.45)
1 I A
MSE =——>">" (x(m n) - X(m,n))? (3.45)
MN ==
Toedi x(m,n)  fa annduatiy
K(m,n) e Mwiladandudy
M Ag SwuRnwaluke
N Ao uuingalunadul

Peek Signal to Noise Ratio (PSNR): tlumsiilwmesngdniudlunisin
AININYBIN MBI TATEAUANNARIEATINTOAUMLDUTENINNNINAURTULAE AN
SennduAumliaInauns (3.46)

PSNR = 20i0g,) — (3.46)
RMSE

Tagf A1 RMSE  M1l991naunis

RMSE = \/%ZN:(p(i) -p'()? (3.47)

We A Ao 91uU Gray level
N  fg 3nuuin@alunIn
. & 1
p@i) A

8 Agatun Aty
p'(i) fo AgatunImSENNAUAL
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2) Human Visual based measurement (JunsiuailaeiinisiieInissunig
waauveyEduUszgndly lunisiwSeuiisuanuuanaiseanmuyvdazende Tuaunis
Funnudail

Weight Peak Signal to Noise Ratio (WPSNR ) ilunismelagldnissudves
uywdinfinnsannsiiaeiiaelunin [61] Fed WPSNR Auiaainguuuy
Gaussian  linnsmevaussrenisiuivesyudreiuifitogaisluninind,
PSNR  Ingnisifinilsidu NVF idndundideuliaagninunldiiieussiiu
$ruruvesiiuinaglunin lunsdinisiarugniesseanmilidenas  (Image
Degradation) WPSNR fianssngaalunisihunldaseannis (3.48)

= MAX >
| WPSNR =10log,, 7 (3.48)
Taen
NV (i, ]) = ——
) ¥4 260 (3.49)
1
Q ()= (2K +1)° k_Z_:Klzz_:,((X(Hk j+)—x(,j)? (3.50)
| 1
X(i4) =l— x(i+k, j+I
(W) TR k:Z_K.:ZK( (i+k, j+1)) (3.51)

Q2 A Local variance 9830IMASINANREIANYBINALANALNALS

(i, )i, j O[M, N] vwinveamisndiandu (2K +1)2

Structural Similarity Index (SSIM) [62] Lﬂumimﬂmmwmaqmwﬂmmﬂm
iuﬂﬂﬁwawmnﬂmqaswuauawﬂLszjamumLmuﬂﬂamﬂuf\]umamamwumwquww
i (dependency) LLazumiusiﬁ;ﬁuayammgmEJ’mUquaiwﬁuaﬂmqiumwifs g
Avuamenn 33U TeUsramdNdaoIfUAILadne (luminance masking)
AnuAnisuneluninazueaiulddesasluusiauiuiaine uazaounsia
(contrast masking) Aa AuAnsuareaTiuldtesausielidnuasiuin (texture)
Usingnelunin Tngnisfansannmusuadfiui x way y 7iilwuin NXN @ansa
Frua SSIM danauns (3.52) Bsiogflutag 1 e -1 Tunsdiinmiisaosdina
wiloufy SSIM azilandu 1 Tngunfazldiuiiiiarsansun 8 x 8 finwa win
Nuitlunadnavanunsaanaududorlunisiuald

(2uu, +C)(20,, +C,)

(3.52)
(12 + 2 +C) (02 + 02 +C))

SSM(x,y) =



logh py, Ao ARALUDI X

& ! d'

My fo ALadevesy

oy P8 A1 Standard deviations ¥4 X

oy Ao A1 Standard deviations v84 Y

Oxy f® A1 Cross-covariance U89 X hag Y

C, = (k,L)? Ao suusildliielamsadiiunismsle

C, = (k,L)? e sauusildliidielfanunsaduiunismsle
k = 001 k, = 003
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unil 4
N15UUANINIANTILIIAAUUUNUFIUNITADNAT
AU lALETUVRIAMERRVDIAUAN WL NUE

4.1 unin

ansaresssuuiiauelAnednusiiusznoude 5 funeundnie n1swIeunn
wazimuniudides nssvuanuddyveniedededu (nitial Priority Map) nstudhy
Argniosesnguiiiaifio (Verification Process) msfwuadimeulpedunuuuiuiudsy
16 wazn1studanmsneAmeulaedunuuuiudsulsludanesy JPEG faguil 4.1

Analysis Feature

DCT :> Quantizing :> Entropy
Transform Coder

Original Image

LsG ..) Quantizing < MSG, NSG

. Table
7 ZTCI s LN RY IS pa Sl B RN [
| ' | |
| Fuzzy C-mean ! MSG, NSG | > Fuzzy Inference |
: Clustering i : System |
| ! | |
| ' ! |
| ' | |
| Histogram GLCM |
| |
I I
I

o A

5UN 4.1 amsauvassruun1stiudanmdansienaduiiiaue

& = ° X A4 . I ' a

TUABUNTIATBUN LA ARUANUNTAULY (Region of Interest) lWUEIUVBINTTAT LY
sz lddugrudeyalifivuinwiiuimuasazivusiunfaulavseiiundesiiag
NS UINUNN8TUA WA B UL NARBIILATIENATNINEDALAADNVUIANUNTNAULIN
winnganunfigaioaziluldlunisimusaudfyveiiatoilowu

Juneun1siuuanudryvesladailessudunisihadalaunsuilalunasiug
1 & ° 1% 1% ) ace =~ . aaa
gogNamuauIILUNYaLanI8danaIsulA-ilu (K-mean Clustering) uavflad@ily (Fuzzy C-
mean Clustering) 9nuutNan1sInnguinlaudinsgiiaigounfnasinunfiiiaduun
wazrmupmdRguesiufigessonduiuiidifyuiniiga Uiunais wazdos audnvuz
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GuumaumimuummmaulmL%%LL‘U‘UU'ﬁ‘Ul:daauimLﬂumimmaawamimmﬂmimuuﬂ
ﬁuwauiammmmaﬂmg‘vﬂm'1ﬂmumaumiauaummgﬂmawamqmLuawammmmﬂu
AmeulmeduiiotlUlddmiunisdusnaesanessu JPEG Fs510aziBunveiuraviunou
wansliluwivedald

4.2 nawBunNKazi Ut uRifiaule
Tudiuniadsunmdansrendfufissinnldidugudoyalidouamify

Fanuanazimusiuiiiaulaniofufidesfiagyinisudeiiuiiangluamitethumeaes

Annghrmsadnudndensuaiuiinaulafinunzannniiamiosziiluldlunssivun

o w & a4 & v ) o = = o &
ﬂ’J']lla']ﬂiyflJ@ﬂLu@LEJ@LU@QWUIuﬂJUW@UQ@VLU I@EJNT]FJ@SL@EJ@@QU

4.2.1 NMSKMBUNINTAATIYIINAY

amdanTedRuitunldlunsaaesdmivineniinusiazgnimuslidurunn
Weniu anduazinisinuaiuiigesduauamiie iiefuinamadanieluiuii
aulausagitui ievnslnmsidneaznisnszaefvesmdalaunsuuasdonunniuii
aulafmnzandmivinllflunisduundeyasedoneisina-iiu uavdane3suiladdiy
dolianeinanissnuundeyaideboludiudaly

PHILIPS TIS0.4 MI1.2

AN C5-1/Abd Gen
Eﬁ{ 22Hz

'Uﬁ 4.2 ’J@EJ’NJTTW‘VIVL@%’]ﬂLﬂi@ﬂaaﬁﬁ’]%’]’lﬂﬂJu’m 1024X768 WnLwa

€aN

ANTANTIYIANIATUAINBATIENIINNIAIYITIFINGT AQILLIVEAIEASLIINEIUR
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FBUR W Inedeuiinaduanidiegslugui 4.2 10unm Grayscale NldainiaIesda
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[
fa =

Weninusil Fanmduatungnidenivuin 908X606 finwassineedlugui 4.3

5UN 4.3 sregnunmsuatuuinaluinuuin 908X606 finiwa

4.2.2 maudsiuiigasnislunm

nildnanliluiade 2.1 hmsdeniiuiivosuasivmednsdmaneuszansam
nsfudalasruiiludsamnmuasn it fduluineinus i muaiufidendy
ywanag fenmsiengitoandnuadinisluiiuiideslnenisdwimedalaunsy
uarpadnugiuATIudesunlamzaudmsuiiluvszendldduunnguteyaly
druiald Tnsdvmafufitauladuiuiiden 4 vunafe 256x256 finwa 128X128 finga
6aX64 e way 32x32 finiwa 1Ntz mivatuduiufidasvuadentuianin
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1849
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variance _0_degree

| J || Max = 25.4312
i |

MsG 20

Min =0.968994

Max=60.01

NSG

Min =0.568954

U 4.11 ¢ Variance lsainnguanudAginnigaiazinunaisvesnmlugiuteya

sum average 0 _degree

Max=10.0353
MSG
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14 |”||
12 [ II L
10 - TR MRS Max=15.49
NSG ¢
6 Min=2
4
2
0

UM 4.12 1 Sum_Avg NilsannguanudidgyinniigauazUunatsvesninlugiudeya

4.4.2 m3Uszanaldszuuiaddumaisuy

NnyaiuvesszuUileddulosudildnanliluund 2 Jrawnsadianudves
Aievaguiszgnaliiiedislunisdndulavionsiassimgualdanssnsdadaqiud
wunltulunsiauuasdomianlflunuidemadunsumd sty smuitevenis



69

IdhiauensuszgndldsruuileddumasulunisBusuaugnieslunssuunnguieide
FensiAaadnuuensiuiundudunm taueilsdduaindn uasUsadiunguos
JEUUAITIEALLBUARUEN
4.4.2.1 nMstvuABUNNINAIANANYUTINIIURAY

mseyInuile@dunszuiunisveansadianisulas (Mapping) Teyadunlududeya
LIMNNAILTINITNNATINA1ERNT (Fuzzy Logic) Fadunsuassududiudseneundniildan
nnsdndulaniesunuuidunaiu nszuiuniseyunuiledazifedesiuiladduanidn
MIALHUN15N19893n (Logical Operation) wazng) (It-Then rules) [14] Felumuddeiials
theAudnuziuindesenaudiea Contrast A1 Variance wagAn Sum Ave filéluusias
fufigosvuin 32x32 fnwaluiludunmnlunisadreszuuiledduaisuduans
véenlaozunsalusui 4.13

Fuzzy Rule Generation

Input Feafipes —== If Contrast= L AND Variance=L A\JD\\
Contrast —— sl ‘é Sum avg =L Then Type = MS5G P E Output
Vafng g E If Confrast = L AND Variance = L AND 5
Sum_avg > E Sum_avg =L Then Type = MSG E
I

[

\ ’ T

sUN 4.13 szuviledaueisuniiauslunistuduninugnaeddunisiuuniiadesiu

4.4.2.2 nasivuaAIlandusulgn

Tumasssnenansiuasdinsuiweunildlunisuiuensswitsnsduaindnuall
Juaundnagradaauvinlimsndndunss@iadusvsuenlidaausgninnisidunselidu
audn eiledaodnidunuimeniisiiassndrousdanivarile lnefledasdnazaziiou
ANANveINYwIng et unsULuUT T UA ATRRRInANSEnve sy i vTenis
dndulafidaeguuiiugiuninuidnveuyed Tnonadnsdldagdilugnisimussuuiiog
aaBoamudld TunmAfevensildeenuuuilsdtumninly 2 dw fe Hadduandn
SunMazfin1snIaNAT Contrast A1 Variance  Wagdn Sum Avg  #1lFR1nN1sAIMAY
AN ALAIISUT 4.14 4.15 way 4.16 sUTwwesilviduanTnilddugudindsuntomy
wasvuamvesiaulsn e (Linguistic Variable) 1u 3 sedufie s (Low: L) Urunans
(Medium: M) wazga (High: H) duilsiduan@niominmimunagusisvesilaiduamndndu
sUfmAgumsvguazimunAvosiinUIn vy MSG  AeifleideRinund uay NSG Ao
dodeuniduandugud .17
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1
a \
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-g NSG MSG
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JUN 4.17 flanduann@nievinmanasan valgiiui

4.4.2.3 msusziliung

wwRnveaNsldngluilediaednse vilvisvuuianudlndifissiunsinauasvesuywd
3ofifeamg Feluntsussifiung (Rules  Evaluation) uszuuile@iioidurlalunis
fufuniznuan ngannsasaneuluiivainuatssuieanunsalvadusléuinnia 1
wadws TuaAdeveasildiemuna (Controller) TiiiBunmiagioinninniuisdio Multi-
Input Multi-Output: MIMO ImsJLﬁiaulsuﬁuaqLLﬁasﬁuwwazgﬂﬂisLﬁumé’aaﬁaﬂizv‘h AND nq)
fldfidman 27 agiuan lnsfinnsananandnsasnsiuinvoniodeiaunadsd
sgaiBuntiosdimaliivieada iy memduwas (contrast) KavInvesAndsaULen
f1&aed (variance) LAgNATINALAAD (Sum_ave) fimAeutsdesdeunnmeainiodeund
mﬂﬂmaﬂ‘wmzmLLmﬂmwaﬂLuaLﬁJaUﬂmLa Nﬂ‘dﬂmmﬂm:ﬁ] aﬂmmisﬂumsmﬁumﬂgmﬂ
ﬁuauaﬂmaﬂwmuwummsmﬂUﬂ’]i’Jmimsummsummﬁu STl e NI ﬁ]?ﬂﬂ{]GUSLLiﬂ Wuigoy
ﬁ]ugﬂﬁ]’umﬂﬂqmﬂu MSG @1 Contrast @&ﬂu“m L =0-0.1 kag A1 Variance agﬂumﬂ M
= 1.2-1.7 Uar A1 Sum_avg agluyas L= 0-2 10usiu

1) If Contrast = L AND Variance = L AND Sum_avg = L Then Type = MSG

2) If Contrast = L AND Variance = L AND Sum_avg = M Then Type = MSG

3) If Contrast = L AND Variance = L AND Sum_avg = H Then Type = MSG

4) If Contrast = L AND Variance = M AND Sum_avg = L Then Type = MSG

5) If Contrast = L AND Variance = M AND Sum_avg = M Then Type = NSG

6) If Contrast = L AND Variance = M AND Sum_avg = H Then Type = NSG

7) If Contrast = L AND Variance = H AND Sum_avg = L Then Type = MSG

8) If Contrast = L AND Variance = H AND Sum_avg = M Then Type = MSG

9) If Contrast = L AND Variance = H AND Sum_avg = H Then Type = NSG

10) If Contrast = M AND Variance = L AND Sum_avg = L Then Type = MSG

11) If Contrast = M AND Variance = L AND Sum_avg = M Then Type = NSG

12) If Contrast = M AND Variance = L AND Sum_avg = H Then Type = NSG
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13) If Contrast = M AND Variance = M AND Sum_avg = L Then Type = MSG
14) If Contrast = M AND Variance = M AND Sum_avg = M Then Type = MSG
15) If Contrast = M AND Variance = M AND Sum_avg = H Then Type = NSG
16) If Contrast = M AND Variance = H AND Sum_avg = L Then Type = NSG
17) If Contrast = M AND Variance = H AND Sum_avg = M Then Type = NSG
18) If Contrast = M AND Variance = H AND Sum _avg = H Then Type = NSG
19) If Contrast = H AND Variance = L AND Sum avg = L Then Type = MSG
NSG

20) If Contrast = H AND Variance = L AND Sum_avg = M Then Type
21) If Contrast = H AND Variance = L AND Sum avg = H Then Type = NSG
NSG

22) If Contrast = H AND Variance = M AND Sum ave = L Then Type
23) If Contrast = H AND Variance = M AND Sum_avg = M Then Type = NSG
24) If Contrast = H AND Variance = M AND Sum avg = H Then Type = NSG
25) If Contrast = H AND Variance = H AND Sum_avg = L Then Type = NSG
26) If Contrast = H AND Variance = H AND Sum_avg = M Then Type = NSG
27) If Contrast = H AND Variance = H AND Sum_avg = H Then Type = NSG

NadnETlFnnsauensUszgndltsanessuiludumesulunstudurgnies
voanguLioidomeninihdoyanadnunsiuinnyszendldlussuo ledsuasuasldngy
anudidyrededefinniuazundfifenugndesnntu Sanguilédantunouiaszgn
iUl lumsimunemeulnisdudmiumstudatoyaniwlutunoudaly

4.5 nMsnvuaaiAlauladuluuUSuUEEulE
nnauufguinlihiufidesniavsnaiimvioufunsendrondafuaziamiada
TndAsstuvielisuiuuiindandetu fududmiaruddyueniadouussandlilunistu
é’mmwé"gaﬂ'}ﬂﬁﬂmuﬁ'}ﬁ@ﬁuL*ﬁaL?Jaéﬁ’uﬁmﬂﬂaLfluﬁLﬂmﬁaqmmﬁuﬁuﬁﬁﬁ@um 1ans
Samuaaaouladulvisdazdmalidnsinistusatesyhldnmildfianulndfosiu

v LY ! & = U a = $Z U Ay = [ X Ao o
ANAUAUULIN FIULUBDLYDAUUNA LOUALNAH LLﬁ%G]’J‘VI'lNﬁ@"?NLUUWUW&W@@UWUﬂ@WQ%%

= 1Y

MuuaAIAuUlatuUILNa19viN ke nsIN1STUIRUIUNETS ANALNEI91NANSTUDRAL

o ¥

Anulnaldgsiunwauatuliunans wagdruuinaunduiunawaduiundrfyteosay
muuarneulagduguilnlaansnisivdagannilandeannisdudassiianulndifies
funmsuatuiovas Jnduiinivesnisfudanindansigidduuuiiugiuvesnisiden

! o A o a{' 1 o w & A o 1 o
ﬂ']ﬂ'l@ulﬁL‘(JGUUV]ﬁ']iJ']iﬂUTUL‘UaEJ‘UVL@G]']Nﬂ'l']ﬂa']ﬂiy]sﬂaﬂwuwetmﬂgwqi‘mar]m']ifliﬂ‘l‘.ﬂ

o w A

a & A & Adda a a & A v o 1 )
FYALLDYAUVBDINUNAIALYUINAD ‘Wu‘VWlllﬂ?qmwﬂﬂﬂmﬁﬂaﬂLu@Lﬂalﬂ@LLagwqimWNaﬂquU@@

>

[ ] 1
A a0 =

Mz audInsuLAazNung e IazyintAUs

ee

ANSNINNNSUUDALEANYTINYDITEUULNNTIU



73

[
=

luddeiilninavenisuszendldnanisiuundeyadalaunsusiefeddiuwazxa
mMstudumnugnieassiuuniileidemefiedduresuindmunciateulngdudmniu

= L U & o o o L dgj dl b da/ dl 1
ANUUBANTINBARINY1INAU ‘U’]ﬂﬂ?iﬂ’]ﬂi&@ﬂ’l’]ﬂﬁ?ﬂ@ﬂ@ﬂLUBLUSG]UIUWUWSBUGUUWW 32X32

I )

finiwasanilu 3 ngude nquadudiAguIniign nquarudidgUiunals wazng

AudAytey lutussunisduunilleiaiUesiuaindeyagalaunsunledanassuileddiy

o w 1

anunsadmunileBendunguaud Ay desdaduuinuiundwesnim duludunounis

Ly

gudumnugnieswesilolamefleddumaisuaunsaduuniadedunquainud1Aguin

'
a 1

flanuagnguanuddgiunans lnsnguauddyreadedons 3 nquilazgniun
Uszgndlfiiuteyafiugrulunisdmundimeulaedudmsuildldlunsdusadae
Sano3tu JPEG  aufinléinauelilunuide (33 Ae nquanudrdyveaioboasgn
Anuaduan Qs(u,V)Iu%umauﬂﬂiﬂaaulmL%%’uﬁqamﬂﬁ @1 dieviundiuiniu
FuuszAvdannud DCT vosnmdunniildainannis (3.1) ntuihduussavifmdean
nseneulmeduludsiagie Run Level Coding @sagldnndiviinisdusnesnun Tnedisu

TJurasnisusumaaulaetu Qg (u, v) Mnidsusasniaustuwansliluaunis (4.2)

F,(u,v) = Round( i &3, J
Q(U, V) Classic /QS (U, V)

v
@ o w o

1089 Q(U, V) gasse UUEIAUTUVBINITAIBULATANUAITNUINTFIU

Qs (U, v) Wudruduvesmsviuameuladufinuidevessniteaus

Q LG
Q(uv)=1Q, NG 4.2)
Qu MSG

o w 3

lne? Q Wumsulnaduresnquituianudifnytios

o

1Y

Q, +Humpulawduveinguiiuiarudfyuiunay

o

'
o =

Qu +Uumeulawduvainguiiuninnuddguiniian

o

4.6 mtiudanmdeansulaetunuuuiutsuldludanassu JPEG
PnmMadauemsiuamudAguendeifosenanssuunnguiaeieddtiuuas
msBuuaugniesveailaidedeilutdumesuiiotunussyndldidudmoulaedy
puiildnananluidonouninty aeeulawduiitaunlinuanuddgueanduiode
agninanldlumstusadesaneisu JPEG deduifiovhmaaeulssansamlunistusnils
MndEnsfiinauenuitedivinstaussansnmeeanisiiudadenismsnsnisdy
9n31 (Compression ratio: C,) muauns (3.42) wazuseillun1sinaunInluugalsuiu
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FransmavneedinAIaInsae Peek Signal to Noise Ratio : PSNR adunisinsssu
AuAdIEAFvTeATiausEnilan I uatukas A TG ennduAunINaung (3.46)
yonandavinsiuanen Weight Peak Signal to Noise Ratio :WPSNR @aifiunisinen
nssuinsueaiuresysduUszendlilunisseuiisuanuuanaisesninuyedaiy
aun1s (3.48) nansmaaesiildannanuidevessuandliluund 5
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Tuduilifunswdsunmdnduinnldlunisnaassivunsuavesituiideunudils
diaue Wolinzfnuminsandmivasianldlunisduladoyanieaiadad
Sreazdundal

5.1.1 MSATENNMNEAATIYIINAY

mswieunmsansedfuiianliidugudeyaiionnasunsinuresisnisdu
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; -]
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9.18 + 3.47 = 12.65
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9.18 + 3.55 = 12.73
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Abstract: With the massive increment of patients’ medical information and images also limitation in transmission
bandwidth, it is a challenging task for developing efficient medical information and image encoding techniques for
digital picture archiving and communications (PACS). In order to achieve higher encoding efficiency, this research
proposes adaptive quantization via fuzzy classified priority mapping. Image statistical characteristics are used as key
features for Fuzzy C-mean clustering. The derived priority map is used to identify levels of importance for each image
area. The significant candidates of irregular liver tissues, which need special doctor’s attention, will be assigned with
higher priority than those from the regular ones. The higher the priority, the greater the number of bits assigned for
encoding. An analysis of suitable quantization step size has been conducted. With the selection of appropriate
quantization parameters for each priority level, the blocking artifacts can be greatly reduced. This results in quality
improvement of the reconstructed images while the compression ratio remains reasonably high.

Keywords: Ultrasound Compression, Quantization table, Fuzzy C-mean Clustering, JPEG.

1. INTRODUCTION abnormal liver tissues. Other texture features such as
fractal dimension and entropy of edge co-occurrence
matrix were also proposed for characterizing the liver
tissues. ~ The liver ultrasound images are examined not

Liver cancer is the most significant disease causing
premature death as reported by data of World Health
Organization (WHO), especially for the HepatoCellular . : : _
Carcinoma (HCC). In 2008, Ministry of Public Health only for. dlagnosmg llver' disease  but glso f(?r
of Thailand has reported that the liver cancer is the compressing  the - image itself. Compression via
number one disease found in males and the fifth rank in contourlet transform comes into attention [5]. Even

females [1]. The general acceptance test taking for though the contourlet compression method provides
diagnosing the disease is to examine the blood tests and high PSNR, the drawback is its low compression ratio.
to look for Alfa-fetoprotein (AFP) together with In order to achieve higher encoding efficiency, this
ultrasonography (US) in every six months. This research proposes adaptive quantization step size
introduces a requirement for massive amount of according to a priority map. The priority map is created
ultrasound liver images needed to be stored in each based on the results of Fuzzy C-mean clustering. The
hospital’s database. Implementation of teleradiology statistical characteristics in terms of histograms have
and digital Picture Archiving and Communications been used as key features. Since Fuzzy C-mean is a soft
(PACS) systems plays an important role to effectively clustering, the results are robust to ambiguity of the data
exchange patient information from one site to another and thus retain much more information than hard
via electronic communication. The main purpose is to clustering. The priority map is used to identify levels of
proyide health services with higher qpality thus improve importance for each image area. The significant
patients’ health status. As the requirement for greater candidates of irregular liver tissues, which need special

storage, it becomes rapidly increasing together with
limitation in transmission bandwidth. Consequently, an
efficient image compression technique is required in
order to reduce the transmission time and storage cost
while preserve the quality of the image.

Several researchers have been investigated on liver
ultrasound images [2-4]. In [2] the authors used
statistical calculation and K-mean Clustering of motion

doctor’s attention, will be assigned with higher priority
and greater number of bits than those from the regular
ones. This helps to reduce the encoding bit rate and
enhance the compression efficiency for the transmission
and storage while maintaining an acceptable diagnostic
image quality.

B-Mode liver ultrasound image to define approximation 2. THE PROPOSED METHOD

of liver position. In [3] the authors proposed a technique This research proposes an analysis of adaptive
for differentiating normal regions from the cirrhotic quantization step size using Fuzzy C-mean (FCM)
liver ones using Law’s mask analysis as texture filtering classified priority map. The ultrasound input image is
mask. The surface searching of a liver tissue was partitioned into sub-image with the size of 32x32 pixels.
proposed in [4] by using spatial gray-level dependence The statistical characteristics in terms of histograms,
matrices, Fourier power spectrum, and gray-level which represents the distribution of intensity are then
difference statistics. These surface features were used calculated for each sub-image and used as input to FCM
to characterize  the difference between normal and clustering. FCM s a soft clustering algorithm, where
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sub-images can belong to more than one cluster and
associated them with a set of membership levels. This
makes FCM robust to ambiguity of the data and thus
can retain much more information than hard clustering.
The algorithm is an iterative clustering, which creates
an optimal partition of ¢ clusters. Equation (1) is used to
minimize the weights within group sum of squared error
objective function.

J=YY (u) (X ,.2) M

i=l j=1

Where J [6] is the objective function of FCM
algorithm. Let x = {x,,x,,..x,} with x, € R'bea
data set, which consists of N dimensional samples, and
n represents the number of data items. ¢ is the
number of clusters. m is a weighting exponent on
each fuzzy membership. i is the membership of the

j ™ data in the ™ cluster, and Z,is the fuzzy cluster

centroid of the i ™ cluster.

Using the Euclidean norm, Eq. (2) is the distance
metric d that measures the similarity between a feature
vector X, and a cluster centroid Z in the feature

space.

ax,Z) = 7f o

The objective function is minimized when data points
are close to the centroid of their clusters, which will be
assigned with high membership values. On the other
hand, low membership values are assigned to data
points far from the centroid. Equation (3) is membership
functions.

2/(m=1) \
u =3 d(x;,v,) 3)
o\ d (x;,v)
Equation (4) is updated cluster centroids.
()" X,
_ ; o 4

Z.

i

> ()"
j=1

The FCM algorithm proceeds by iterating the two
necessary conditions until a solution is reached [6].
Each data point will be associated with a membership
value for each class after FCM clustering. The data
point will be assigned the class label according to the
highest membership value.

The cluster results are then used to create a priority
map, which identify level of importance for each image
area. The more importance of the image area, the higher
value of the quantization level. Fig. 1 shows the JPEG
encoding  process  with  the proposed - adaptive
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quantization step size.

& = ]_.[ —

Onginal Image

Compressed Image

Quantizing Table
size

T

- Calculated Histogram Fuzzy C-mean
—>
in Window size =32 Clustering

24 Images

Fig. 1 The proposed adaptive quantization for JPEG
encoding.

To accommodate the variation in image statistics, the
quantization step size is needed to be adaptively
adjusted in order to achieve higher encoding efficiency.
In this research, the quantization step size is modified
according to a priority map created from the clustering
results. The significant sub-images from the candidates
of irregular liver tissues, which need special doctor’s
attention, will be assigned with higher priority than
those from the regular ones. The higher the priority, the
greater number of bits assigned for encoding. A
standard quantization equation is presented in Eq. (5),

)

F,(u,v) = Round[ V) ]

Q(u3 V) Classic /QY (u3 V)

Where g(,v),, . 1S the standard JPEG quantization
table (Fig. 2) while ¢ () is the proposed quantization
step size in Eq. (6).

O,(u,v)=10, NSG

0, MSG
le 11 10 1e 24 40 51 6l
12 12 14 19 26 58 60 55
14 13 16 24 40 57 [3=] 1)
14 17 22 2% 51 a7 g0 62
18 2z 37 56 68 10% 103 77
24 35 55 &4 g1 104 113 g2

4% 4 78 87 103 121 120 101

T2 S2 S5 S8 112 100 103 S9
A

Fig. 2 The quantization table of standard JPEG.

The quantization step of v is assigned to the Most
Significant Group (MSG), which represents the
candidate of irregular liver tissues. The normal tissues,
the border of the probe, and the scale/color bars are
grouped into the Normal Significant Group (NSG),

which will be assigned the quantization step of Oy .
The Lowest Significant Group (LSG) is considered as



the lowest priority in the priority map, where
sub-images of this class are quantized to the minimum
number of encoding bits. Fig. 3 presents (a) the ground
truth image with the irregular tissue located within the
red circle area and (b) the classification results from
FCM clustering.

(b)

Fig. 3 (a) the ground truth image with the irregular
tissue located within the red circle area (b) the classified
sub-images, where the red sub-images are for the MSG,
the cyan sub-images are for the LSG, and the rest
sub-images are for the NSG.

3. RESULTS

The adaptive quantization step size based on a
priority mapping derived from the results of Fuzzy
C-mean clustering is proposed. In order to obtain a
priority mapping, the histograms of the partitioned
sub-images of size 32x32 pixels from the 24 ultrasound
liver images are extracted. Fig. 4 shows examples of
histograms of sub-images from the MSG (in red block),
the NSG (in pink and yellow blocks), and the LSG (in
cyan block). The distribution of the image intensity of
the MSG sub-images is between 60 and 120, while that
of the NSG lies between 20 and 150. In contrast, the
distribution of the LSG sub-images is dense in the very
low intensity level close to 0. From the presented
sample histograms, it can be seen that most of the
distributions of gray level intensity of sub-images from
each group are overlapped, which is difficult to
efficiently clustered using hard clustering. To overcome
this difficulty, Fuzzy C-mean soft -clustering is
implemented. The cluster centers and membership
values are iteratively updated. Using fuzzy membership
allows FCM to be robust to noise and outliers and gives
superior clustering performance. Table 1 illustrated a
comparison of the clustering time between Fuzzy
C-mean and regular K-mean clustering algorithms for
K=6, 8, 10, and 12. This shows that soft clustering
remarkably provide faster convergence than the hard
clustering

The clustering results are then used to construct a
priority map according to the significance of the liver
tissue regions. The highest priority map designated as
the MSG is compressed with various quantization step
sizes (3<=Qg<=12) while the rests of the priority map
denoted as the NSG and LSG are compressed with
quantization step sizes of Qn=2 and Q=0 respectively.
Fig. 5 shows the sample results of reconstructed images
using the standard quantization table (c) and using
quantization step sizes of 3 (d) and 6 (e) respectively for

523

the MSG sub-images. From the results, it can be
observed that the reconstructed images using standard
quantization table are affected from blocking artifacts,
which is the most significant irritation to human visual
perception.

(a) Original Image

L&

(c) Histogram of vellow window

{B) H;s'rograrﬁ of cyan window

(d) Histogram of pink window (&) Histogram ofred window
Fig. 4 (a) Original Image with the MSG in red block,
the NSG in pink and yellow blocks, and the LSG in
cyan block (b)-(e) The sample histogram of the LSG,
NSG, and MSG, respectively.

Table | A comparison of clustering time between Fuzzy
C-mean Clustering and K-mean Clustering for K= 8 and
10.

Tuey K-mean
Gfcan Clustering
Clustering
K=8 18.70 min. | 248.49 min.
K=10 9.25 min. | 349.00 min.

In order to reduce the blocking artifacts, the
quantization step size needs to be increased. The greater
value of the quantization step size, the higher quality of
the reconstructed image. One of the well-known
parameters used to measure image quality is PSNR [7].
It measures the level of similarity between reconstructed
image and the original one. Large PSNR leads to better
image quality. Compression ratio is another parameter
used to measure the ability to reduce the size of the
compressed image from the size of the original image.
PSNR indicates the loss of information in the image
while compression ratio specifies the degree of
compression. Nevertheless, compromising between
quality and compression ratio is a critical issue.
Although increasing MSG quantization step size (Qs)
will enhance quality in term of PSNR, the compression
ratio will be reduced obviously. An analysis of the
appropriate value of Qs is conducted in terms of PSNR
versus compression ratio as shown in Fig. 6. The
intersection point between PSNR and compression ratio
is suggested to be a target point, which lies at Qs = 7.
However, at Qs = 6, the value of the compression ratio
is quite larger than at Qs = 7 while the value of PSNR is



not much different. Therefore, Qs = 6 would be a better
choice. With Qs=6, the quality in term of PSNR is
improved by 3.86 dB while the storage saving is
reduced by 4.53 % compared to the standard
quantization. The results show great improvement of the
reconstructed images while maintaining acceptable
compression ratio.

(d) Qs (!""- 1".}.=|:|{x-!'.'l_- 5 (e:] Qs{u- 1"').=|:u(x-]® =6

Fig. 5 (a) The abnormal tissue in white region of the
original image, the compressed image with the standard

quantization 2#Yauwsic (b) and the proposed adaptive

quantization () with Zs® Ve =3 50q (d)

O (u’V)FCM(K:IO) =6

9.8
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Fig.6 An analysis of the appropriate value of Qs is
conducted in terms of PSNR versus compression ratio

4. CONCLUSION

This research proposes adaptive quantization, which
quantization step size is adjusted to the priority map
created from the results of Fuzzy C-mean clustering.
The statistical characteristics in terms of histograms
from each sub-image are used as key features for Fuzzy
C-mean soft clustering. The derived priority map is then
used to identify levels of importance for each image
area. The significant candidates of irregular liver tissues
from the MSG group will be assigned with higher
priority than those from the regular ones. An analysis of
suitable quantization step size has been conducted. With
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the selection of appropriate quantization parameters, the
blocking artifacts can be greatly reduced. This results in
quality improvement of the reconstructed images while
the compression ratio remains reasonably high.
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Abstract

This research proposed the hierarchical fuzzy based
liver classification. Firstly, the initial clustering of
liver tissues is extracted using histogram based Fuzzy
C-Mean clustering. Sub-images are classified into 3
groups: the Most Significant Group (MSG) (the
abnormal liver tissue), the Normal Significant Group
(NSG) (the normal tissue), and the Least Significant
Group (LSG) (a group outside the probe). However,
the initial priority map result is inadequate due to a
mixture of the abnormal and normal tissues since the
quantity, distribution, and reliability of data are not
guarantee.  The clustering results serve as. initial
classification. Then, the expert knowledge is integrated
via FIS. In order to validate the initial classification,
the fuzzy rules based on the second order statistical
texture features of Gray Level Co-Occurrence Matrix
(GLCM) are suggested. The classification results show
21.98 % and 24.49 % improvement over the histogram
and combined histogram and GLCM based FCM
clustering. It has been proven that with the integration
of the proposed expert knowledge and FCM clustering,
the significant improvement of the liver classification
can be achieved.

Keywords: Ultrasound Image, Classification, Fuzzy
Inference System, Gray level co-occurrence matrix.

1. Introduction

Ultrasonography is a medical diagnostic technique
based on ultrasound imaging. It has been widely used
due to its safety and low cost. The ultrasound imaging
has been practiced in various organs of the body, such
as the organs in the abdomen (liver, pancreas, kidney,
etc.), lower abdomen (ovary, uterus, bladder, prostate,
etc.), and other parts (the breast, thyroid gland, etc.).

The liver is another vital organ that is being
increasingly studied using images, and the complexity
of the liver tissue makes the medical imaging studies
challenging [1].

A review on a trend in development of Fuzzy Expert
System and applications over past two decades in the
medical field was introduced in [2] with the references
of 173 technical papers. It suggested that the
development of Fuzzy Expert System with an
integration —of more intelligence, interactivity,
interdisciplinary and hybrid systems are yet the
potential area to explore in medical field in future. An
analysis of adaptive quantization step size using Fuzzy
C-mean Clustering was proposed in [3] to classify liver
tissue based on the histogram of sub-image size 32X32
pixels. The algorithm was designed to create a priority
map of the liver tissues. Even though the clustering
results illustrated high success for compression, there
were still cases where abnormal tissue is intermingled
with the normal one. The clustering technique may
result in inappropriate classes due to lacking of expert
knowledge. Expert knowledge has been integrated
through the Fuzzy Inference System (FIS) in [4] in
order to automatically detect and segment follicles in
ultrasound images of ovaries using active contour
based method. The follicles in an ovary are
characterized using the FIS of seven geometric features.
The strength of FIS is that it can simultaneously utilize
extracted information from both data and expert
knowledge. It considers uncertainty in the essence of
data by employing fuzzy logic concept.

In this research, liver tissue classification based on
fuzzy expert system is proposed. Firstly, an initial
fuzzy knowledge base is produced by fuzzy c-mean
clustering algorithm as developed in [3]. The clustering
results serve as initial classification. Then, the expert
knowledge is integrated via FIS. In order to validate
the initial classification, the fuzzy rules based on the
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second order statistical texture features of Gray Level
Co-Occurrence Matrix (GLCM) are suggested. With
the integration of expert knowledge, the significant
improvement of the classification can be achieved.

2. Proposed Method

This research proposes a Fuzzy Expert System for
liver ultrasound image classification. A fuzzy system is
capable of transforming data into knowledge in term of
human understanding. FCM is considered as a data
driven approach, which its limitation is the sensitivity
in the initial guess and noise. The initial guess affects
its speed and local minima while noise results in low
membership degree for outliers [3, 5]. On the other
hand, FIS integrates expert knowledge into fuzzy rules
and membership to recover the deficiencies in the
physical data. However, relying on only FIS based
classification may not demonstrate satisfactory
performance.

Therefore, in this research, hierarchical fuzzy based
classification is introduced. The initial clustering of
liver tissues is performed using FCM clustering. The
initial priority map result is still undesirable since the
correct classification rate is inadequate due to a
mixture of the abnormal and normal tissues. In order to
improve the classification rate, the FIS is incorporated
to validate the clustering results. Figure 1 shows the
operation of the proposed research.
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Fig.1 The proposed hierarchical fuzzy based system
for liver ultrasound image classification

A. Initial Priority Map Stage

In this stage, the distribution of intensity in
ultrasound sub-image with the size of 32x32 pixels is
estimated. FCM is then used to cluster the intensity
distribution of sub-images into 3 groups: the Most
Significant Group (MSG) (the abnormal liver tissue),
the Normal Significant Group (NSG) (the normal
tissue), and the Least Significant Group (LSG) (a group
outside the probe) [3]. Figure 2 illustrates the FCM

clustering results. The doctoral identification of the
abnormal tissue is shown in a white circle. The red
blocks are denoted as MSG while the LSG is indicated
as the green blocks. Most LSG sub-images are clearly
identified. However, the MSG sub-images are
intermingled with the LSG sub-images especially in the
area that the intensity distribution of the liver tissue is
ambiguous. In order to improve the classification rate,
the initial priority map of MSG and NSG is created and
the FIS based on the second order statistical texture
features of Gray Level Co-Occurrence Matrix (GLCM)
is implemented to further validate the MSG and LSG.
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Fig.2 The clustering results with a mixture of the MSG
and the NSG in white circle

B. Fuzzy Inference System based on Statistical
Texture Analysis Stage

The FCM clustering results could not provide
satisfactory results due to the ambiguity of the intensity
histogram of sub-images. Consequently, there is a need
for expert knowledge of additional feature to validate
each classification class in the initial priority map. The
Fuzzy Inference System based on GLCM texture
features becomes a preferable selection since it allows
an integration of the expert knowledge to the proposed
system. Two main processes are conducted in this
stage; texture feature extraction and Fuzzy Inference
System based classification.

1) Texture Feature Extraction

Texture feature is an alternative representation
generated to describe the underlying characteristics of
patterns in the region of interest. Using only histograms
tends to carry out only information on distribution of
intensities while relationship between pixels is
neglected. Gray level co-occurrence matrix (GLCM) is
one of the second order statistical texture features
widely used for texture analysis.

The GLCM captures gray tone spatial dependencies
between pixels of interest and their neighbors as
proposed by Haralick [6]. In [7], 22 features of co-
occurrence texture matrix are calculated. However,
these features may not be independent from each other.
It is unclear which features specify same texture
properties or are insignificant thus can be neglected.
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From several GLCM features, the contrast, the sum of
square or variance and the sum average in each sub-
image are found to be significant for categorizing
ultrasound liver tissue especially in the area of the
embryonic tissue. These features can be calculated
according to equation (1) - (3), respectively.

Contrast is a measure of the difference between the
highest and lowest intensity of an adjoining set of
pixels in sub-image in term of different moment.
Variance is the variation of the light intensity,
calculated from the sum of the squared deviations. Sum
average represents average gray level distribution in
the direction parallel to the diagonal. Its value
demonstrates whether a patch is well contrasted and
whether dark or bright illumination is predominant.
These features are used to create membership functions
and rules for Fuzzy Inference System to verify the
initial classification obtained from the FCM based
priority map of the liver tissue.

Contrast =ZZ(i—i)2p(i,j) (1
Variance = Z z (i— ,u)zp(i,j) 2

2Ng
Sum Average = Zipx T y(i) (3)

i=2

Fuzzy Rule Generation

Input Features

If Contrast = L AND Variance=L AND
Contras’ Sum_avg=T Then Type = MSG

Cutput

PR If Contrast =L AND Variance=L AND

Sum_avg=L Then Type = MSG.

i

Fuzzifier J

Sum ave

Defuzzifier
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Fig. 3 The schematic diagram of the proposed
Fuzzy Inference System (FIS)

2) Fuzzy Inference System based classification

Fuzzy inference is the process of creating a mapping
from a given input to an output by means of a fuzzy
logic. Then, the mapping provides a basis from which
decisions can be made, or patterns discerned. The
process of fuzzy inference involves membership
functions, logical operations, and rules [8]. The fuzzy
inference system normally contains three major
operations: Fuzzification, Rules Evaluation and
Defuzzification. The texture features in the form of
contrast, variance and sum average of each sub-image
are extracted to create fuzzy memberships and rules.
The schematic diagram of the proposed fuzzy inference
system (FIS) is shown in Figure 3. The details of
determination of the member function and evaluation
rules are as follow.

2.1) Membership function

The membership function is generally an indicator
function, which provides graphical representation of a
fuzzy set. Membership functions were introduced by
Zadeh in the first paper on fuzzy sets (1965) [9]. In
fuzzy logic, membership function is designated as the
degree of truth. Even though the degrees of truth are
often confused with probabilities, their concepts are
reasonably distinct. It is essential to realize that fuzzy
logic uses truth degrees as a mathematical model of the
vagueness phenomenon while probability is a
mathematical model of ignorance [10]. There is no
consensus on which method should be preferred in a
specific situation. There are several shapes of
membership functions, which can be defined according
to the rules of the definition of a fuzzy set. The
selection of membership function is subjective as long
as the desired values are properly interpreted. Both
triangular and trapezoidal membership functions have
been used extensively since they are simple and
computationally efficient.

In this research, member functions of inputs are
determined by the GLCM values of contrast, variance
and sum average. The trapezoidal shape of membership
functions and the configuration of language variables
of 3 levels: low (L), medium (M) and high (H) are used.

2.2) Rule Evaluation

The core of the actions of the FIS is a set of fuzzy
rules, which is formulated based on expert knowledge
to express the behavior of the system. The rules are
characterized in term of a collection of linguistic
statement usually in the format of if-then rules
describing how the FIS makes a decision on
classification or controls an output.

In this paper, the Multi-Input Multi-Output: MIMO
structure of FIS is proposed. The inference rules are
interpreted as the intersection and union using the
connectives AND and ELSE, respectively. The 27 rules
are extracted based on the GLCM texture
characteristics of the liver ultrasound tissue. The tissue
abnormalities in the MSG mostly contain less detail of
statistics such as the contrast, variance and sum average.
For example, in the first rule, the tissue is classified as
MSG if the contrast in the range L = 0 - 0.1 and the
variance in the range M = 1.2-1.7 and the Sum average
in the range L = 0-2 and so on.

o If Contrast = L AND Variance
Sum_avg =L Then Type = MSG

o If Contrast = M AND Variance = L AND
Sum avg =L Then Type = NSG

o If Contrast = M AND Variance = M AND
Sum_avg = H Then Type = NSG

L AND
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To validate each classification group in the initial
priority map, its texture characteristic inputs are
fuzzified using the designed membership functions and
rules.

3. Results

Liver tissue classification based on hierarchical
fuzzy expert system is proposed. The histogram and
GLCM of sub-images with the size of 32X32 pixels
from 24 ultrasound liver images (17 abnormal and 7
normal) are extracted as fundamental features. The
GLCM features are introduced as additional texture
features to enhance the classification performance.

The classification performance  comparisons
between the proposed system and the classification of
Fuzzy c-mean clustering with histogram [3] and
combined histogram and GLCM texture features are
presented in Table 1. The classification precision of the
histogram based FCM clustering is 36.26% and
62.38% for the MSG and NSG, respectively. Even
though the combined histogram and GLCM based
FCM clustering is expected to provide higher
precision, the performance is excellent only for the
NSG. On the contrary, it gives very poor results for the
MSG, which is the most important one. It can be seen
that integrating histogram and GLCM features without
expert knowledge cannot deliver efficient results.
Therefore, to improve the classification performance,
the hierarchical Fuzzy expert system, which
incorporates the FIS of GLCM features to validate the
initial priority map generated from the histogram based
FCM clustering, is proposed. The precision of the
proposed system of the MSG is 60.75%, while that of
the NSG is 81.86%. The integration of expert
knowledge through the FIS and fuzzy data driven
through the FCM clustering helps to significantly
increase the classification performance of the proposed
system

Table 1 A comparison of precision between the
proposed system and Fuzzy c-mean clustering.

Precision (%)

Type of FCM FCM Proposed
tissue (Histogram) | (Histogram+GLCM) System
MSG 36.26 0.15 60.75
NSG 62.38 93.46 81.86

4. Conclusion

This research proposes a Fuzzy Expert System for
liver ultrasound image classification. The initial

priority map of LSG, NSG and MSG is extracted using
histogram based FCM clustering and serves as initial
classification. Then, the expert knowledge is integrated
via FIS of GLCM texture features to validate the initial
classification. With the integration of expert knowledge
and FCM clustering 2198 % and 2449 %
improvement over the histogram and combined
histogram and GLCM based FCM clustering can be
considerably achieved.
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ABSTRACT. This paper proposes adaptive quantizalion based on fuzzy classified priority
mapping in order to achieve higher encoding efficiency. The priority map serves as a
quantization mask, which is adaptively adjusted according to the statistical characteristics
in terms of histograms based on the results of Fuzzy C-mean clustering. With its soft
clustering property, the results illustrate robustness to ambiguity of the data and thus
retain much more information than hard clustering. The priority map represents lev-
els of significance as the Most Significant Group (MSG), the Normal Significant Group
(NSG), and the Lowest Significant Group (LSG). The significant candidates of irregular
liver tissues requiring special doctor atlention will be assigned with higher priority than
those from the reqular ones. The higher the priority, the greater the number of bits as-
stgned for encoding. An analysis of suitable quantization step size has been conducted.
With the selection of appropriate quantizalion parameters for each priority level, the
blocking artifacts can be greatly reduced. This helps to reduce the encoding bit rate and
enhance the compression efficiency for the transmission and storage while maintaining
an acceptable diagnostic image quality.

Keywords: Ultrasound image compression, Fuzzy C-mean clustering, Adaptive quan-
tization, Priority mapping

1. Introduction. With the advance in medical imaging, visual representation of human
interior has become massively produced in digital format since the hospitals are moving
towards filmless [1] and computer-aid diagnostic processing. The medical information is
exchanged from one site to another via electronic communication based on implementa-
tion of teleradiology and digital Picture Archiving and Communications Systems (PACS)
in order to provide health services with high quality and thus improve patients’ health
status [2]. The Digital Imaging and Communications in Medicine (DICOM) Standard
specifies a non-proprietary data interchange protocol, digital image format, and file struc-
ture of biomedical images and image-related information [3|. Liver cancer was reported
as the most significant disease causing premature death by the World Health Organiza-
tion (WHO), especially for the HepatoCellular Carcinoma (HCC). It was also reported
as the number one disease found in males and the fifth rank in females by the Ministry
of Public Health of Thailand in 2008 [2]. The blood and Alfa-fetoprotein (AFP) tests
are recommended as general acceptance test taking for patient diagnosing together with
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Ultrasonography (US) in every six months. This introduces a requirement for the massive
amount of ultrasound liver images needed to be stored in each hospital’s database. In
order to handle such massive information, there have been significant considerations in
memory requirement and bandwidth limitation for effective DICOM storage and commu-
nication. An efficient image compression technique is required to reduce the transmission
time and storage cost while preserving the quality of the image. One definition of optimal
medical image compression is a degree of compression that decreases file size substantially
while producing a degree of image distortion that is not clinically significant [4].

Image compression provides a way to efficiently encode images based on redundancy re-
duction in order to preserve the actual information resided in the image itself. Transform
coding has been popular and widely adopted to transform pixel-wise image representation
into a new representation such that the transformed results are independently quantized
[5]. Block-based DCT transform is a part of the JPEG standard format. The DCT has
been known for near-optimum especially with natural image compression [6]. Each block
of subimage is transformed into DC (Direct Current) and AC (Alternating Current) co-
efficients. DC coefficient expresses the mean value of the subblock while AC coeflicients
represent zero means with amplitude changes in different frequencies. Most of the en-
ergy is compacted in the DC coefficient while details are carried in the AC coefficients.
These DCT coefficients are encoded in the form of either lossless or lossy compression
techniques. Even though lossless compression allows perfect reconstruction of the origi-
nal image, it can support Compression Ratio (CR) only up to 4:1 (max) [7]. To achieve
higher compression ratio, lossy compression algorithm becomes an alternative selection.
The significant constraints for lossy compression are high compression ratio with clinical
quality. Context based modeling has been proposed to encode medical image information
according to predetermined characteristics [7,9]. ROI based compression is an example
of context based compression, where each region is compressed independently with its
appropriate compression ratio. The desired compression ratio of each region depends on
its significance. The most significant regions are compressed with low compression ratios
while the least significant regions are encoded with higher ratios.

The main contribution of this paper is to present adaptive quantization based on Fuzzy
C-mean (FCM) clustering for ultrasound liver compression, where the ROIs are classified
into three levels of significance: the Most Significant Group (MSG), the Normal Signifi-
cant Group (NSG), and the Lowest Significant Group (LSG). It serves as a quantization
mask, which is adaptively adjusted according to the statistical characteristics in terms of
histograms based on the results of FCM. However, the relation between priority level and
the suitable quantization scale has not been clearly evaluated. Therefore, another contri-
bution is to provide an analysis of suitable quantization step size related to each priority
level. With the appropriate selection of the quantization parameters, the blocking arti-
facts can be greatly reduced. This helps to reduce the encoding bit rate and enhance the
compression efficiency for the transmission and storage while maintaining an acceptable
diagnostic image quality.

2. A Review of Related Works. Selecting ROI is a challenging task since it affects
the overall compression performance for both quality and quantity. Simple maxshift and
general scaling were chosen to create ROI based on wavelet based coding in EBCOT of
JPEG2000 [8]. The wavelet coefficients of the ROI bit-planes were scaled up so that they
were placed in the higher bit-planes in order to give them higher significance [9]. Even
though maxshifting allows compression to arbitrarily define ROI shape without ROI mask,
the results are not guaranteed lossless compression with a specified bitrate. ROI image
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coding using Shape-adaptive DCT was introduced in [9], as a low complexity Shape Adap-
tive DCT (SA DCT) algorithm suitable for coding arbitrarily shaped image segments. The
algorithm encoded the foreground and background of 8 x8 DC'T blocks separately [10-12].
The SA-DCT has been developed in the framework of the ongoing MPEG-4 standardiza-
tion phase of ISO/IEC and included in the video verification model of MPEG-4. With
high computational overhead, an improved version of the SA-DCT called ADC-SA-DCT
was proposed for intraframe coding. It was proven to require smaller computational over-
head, thus attractive for hardware implementations [13]. The ADC-SA-DCT was also
adopted as ROI based image coding in [14]. The compression results were compared to
the algorithm based on DCT-JPEG. The SA-DCT based coding showed improved com-
pression performance in terms of PSNR and visual quality. However, the limitation of the
SA-DCT based coding is that the spatial correlation may be lost due to flushing samples
in arbitrarily shaped block to a certain edge of a rectangular bounding block before DCT
transformation of row or column, where the coefficients are from different frequency bands
[15].

An alternative ROI identification is performed based on segmentation and classification
techniques using Vector Quantization (VQ) [16-19], K-mean clustering [20-22|, Fractal seg-
mentation [25-27], Support Vector Machine (SVM) [29,30] and Fuzzy C-mean clustering
[31,32]. With its lowest quantization distortion at a given bit rate, VQ has been widely
adopted for lossy image compression [9,16-19]. Contextual Vector Quantization (CVQ)
was proposed to encode an image with different quality between the Contextual Region
of Interest (CROI) portion and the Background (BG) for ultrasound images [9]. Region
growing was adopted as a segmentation method to define the CROIs. The CROIs were
encoded with a low CVQ compression ratio while the BG was encoded with the high
CVQ compression ratio. However, in high bit-rate compression, VQ codebooks are rel-
atively large and require extensive computational complexity and memory requirements.
K-mean clustering is a clustering technique used to partition data samples into K clusters,
where each cluster is indicated by its own center [2,20-22]. In [20]|, K-mean clustering was
adopted for nuclear medical image compression. Clustering without analyzing compres-
sion, distortion may result in significant loss of data. Therefore, the segmented image was
compared to the original one in all iterations in order to determine the termination crite-
ria. The iteration will be ended when the loss of data is minimized (the value of correlation
co-efficient function should be maximum). Statistical calculation and K-mean clustering
of motion B-Mode liver ultrasound image were proposed to define approximation of liver
position in [23] while differentiating normal regions of the cirrhotic liver was proposed
using Law’s mask analysis of spatial gray-level dependence matrices, Fourier power spec-
trum, and gray-level difference [24]. Although implementation of the K-means algorithm
is quite simple, the convergence depends on the choice of the initial cluster vector. Fractal
based segmentation performs region partitioning using Fractal Dimension (FD) analysis.
The FD is a statistical quantity identifying the detail in a pattern, which changes with
the scale. Quad-tree partitioning of fractal features was adopted for x-ray images [25]. In
[26,27|, the ROIs of the mammograms were extracted using fractal based segmentation
and then encoded with maxshift ROI coding technique while multiresolution analysis of
fractal feature vector for ultrasound liver segmentation was described in [28]. However,
the fractal based image coding requires tremendous time for encoding; thus providing
poor retrieved image quality when compression is applied on noisy or corrupted images.
Another segmentation approach was based on curvelet transform and Support Vector Ma-
chine (SVM) regression [29]. The curvelet coefficients were quantized and approximated
by SVM with the predefined error. The model parameters of SVM were then encoded
with adaptive arithmetic coding. Extensive memory requirement and high computational
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complexity are the main drawbacks of SVM for practical implementation [30]. The FCM
clustering provides a soft (fuzzy) assignment of patterns (memberships) to clusters [31].
Since each data element can belong to one or more clusters, the levels of memberships can
be used to determine the degrees of relationship between data elements and their related
clusters. In [32|, FCM was introduced as the ROI texture partitioning, where different
compression ratios were then assigned the ROIs according to their textural significance.
The absolute values of wavelet coefficients for each DW'T subband were chosen as texture
descriptors.

The ROI classification of liver ultrasound is quite difficult due to the image itself con-
taining other organs, in which their characteristics are closely related to the liver. The
hard decision based clustering is not an appropriate choice to cope with this uncertainty.
FCM based clustering is suggested in this paper due to its soft decision property. It tries
to iteratively optimize the membership function in order to minimize the objective func-
tion based on the similarity between the sample data and the cluster center. Each data
sample can belong to more than one cluster according to the certain degree of membership
[33]. The statistics of different, types of liver tissues are illustrated. It can be seen that the
texture characteristics of the normal and abnormal tissues are closely related especially in
the case of early stage of the decease. With the proposed FCM-based priority clustering,
it demonstrates an improvement of the classification for ROIs with ambiguous character-
istics of different organs that reside in the image and unstable texture description of liver
tissue due to intensity variation of the input image.

3. Methodology. JPEG is well known image compression standard based on Discrete
Cosine Transform (DCT) [34,35]. There was a study on performance of image compres-
sion based on DCT and wavelet for CT scan image [36]. It was concluded that, for
a lower compression ratio, DCT based image compression yielded higher quality image
than Wavelet. However, the image quality is decreased at higher compression ratios due
to the artifacts resulting from the block-based DCT scheme. Figure 1 shows the JPEG
encoding process with the proposed adaptive quantization step size.

In JPEG encoding process, an input image is partitioned into consecutive 8 x8 blocks
and each block is transformed using forward DC'T algorithm to obtain a set of 64 values of
one DC plus 63 AC DCT coefficients. To reduce amount of information, human perception
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FiGure 1. The proposed adaptive quantization for JPEG encoding
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is taken into consideration. The human visual perception is a complex coordination among
the eye, optical nerve, visual cortex and other parts of the brain [37]. The human eye
does not perceive directly translation of the retina stimuli, but it involves complicated
psychological inference [38]. The psychovisual redundancy is the image information that is
ignored by the human visual system or relatively less important to human eye. In another
word, the human eye is not equally sensitive to all visual image information [39]. The
human visual perception cannot differentiate the difference in brightness over a relatively
large area and also in a high frequency of brightness variation. Removing the psychovisual
redundancy would be beneficial for image compression. The redundancy elimination is
performed through the quantization process via the quantization tables [39]. In JPEG,
quantization table is not fixed; however, a standard quantization table Q(u, v)ciussic 18
recommended as illustrated in Figure 2. This suggested JPEG quantization table is
derived based on psychovisual threshold experiments and represents quality of 50%.

14 17 22 29 51 87 80 62
18 22 37 56 68 109 103 77
24 35 55 64 81 104 113 92
49 64 78 87 103 121 120 101
72 92 95 98 112 100 103 99

FI1GURE 2. The quantization table of standard JPEG

JPEG quantization tables aim to discard the information not visually significant espe-
cially at the higher frequencies. A standard quantization equation is presented in (1),

Flu, v)

F(I(u’ U) Porag <Q(ua U)Classic/QS(ua ’U)) (1)
where F'(u,v) is the DCT coefficient at (w,v) spatial frequency in horizontal and vertical
directions, respectively, Q(u, v)ciassic 18 the standard JPEG quantization table (Figure 2)
while Qgs(u,v) is the quantization step size.

JPEG quantization largely determines the rate distortion in a JPEG image compression
[40]. Increasing in the quantization leads to increasing the degree of compression; however,
the quality of the image would be decreased. The question is the optimization between
quality and quantity in terms of compression ratio. Several quantization matrices have
been introduced such as for images of human face recognition [41], iris in the human
eye [42|, and x-ray [43]. However, researchers are still active for alternative optimal
quantization.

3.1. Adaptive quantization. There was a study of the impact of quantization matrix
on the performance of JPEG [44]. From the results, it can be concluded that compression
ratio changes when the quantization matrix changes. However, the quality of compression
varies from image to image even though the quantization matrix as well as the compression
ratio remains the same. This means that each type of images requires a particular quan-
tization, which can be adjusted according to its own characteristic for better compression
performance.
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In this research, an analysis of adaptive quantization parameters based on FCM clas-
sified priority map is presented. Each ultrasound liver image is partitioned into 32x32
subimages. The statistical characteristics in terms of histograms are then calculated for
each subimage and sent as input training vectors to FCM clustering. A priority map
generation is performed according to the clustering results. It identifies the level of im-
portance for each image area and serves as an adaptive quantization mask. The more
importance of the image area, the higher value of quantization level.

FIGURE 3. (a) Original image (928x608 pixels), (b) subimages with the
size of 32x32 pixels

3.1.1. Statistical characteristics of liver tissues. Histograms are adopted as texture char-
acteristics, which represent the spatial distribution of gray levels and contribute to the
perception of texture [45]. Figure 4 illustrates the histograms obtained from various re-
gions in an ultrasound image. Sample regions are abdominal wall in (a), the border of
the abnormal liver tissue in (b), the interior of the abnormal liver tissue in (¢), Hepatic
artery in (d). The gray-level intensity of abdominal wall distributes in a wider range of
intensity while the distribution of Hepatic artery is narrower. The abnormal liver tissues
both in (b) and (¢) illustrate the dominant distribution in a more compact range.

Even though the intensity distribution of abnormal liver tissue demonstrates distinct
characteristic, some parts of normal tissues may have the distributions close to the ab-
normal one especially in the early stage of the decease.

3.1.2. FCM clustering. FCM is a soft clustering algorithm, where sub-images can belong
to more than one cluster and associated them with a set of membership levels. The Fuzzy
C-means (FCM) clustering algorithm was first introduced by Dunn [46] and later extended
by Bezdek [47]. The algorithm is an iterative clustering, which creates an optimal partition
of ¢ clusters. Equation (2) is used to minimize the weights within group sum of squared
error objective function.

J=3 " (ui)"d (X5, Z) (2)
i=1 j=1
where J is the objective function of FCM algorithm. Let © = {x1,22,...,2,} with
z, € R? being a data set, which consists of N dimensional samples, and n represents the
number of data items. c¢ is the number of clusters. m is a weighting exponent on each
fuzzy membership. p;; is the membership of the j™ data in the ¢*' cluster, and Z; is the
fuzzy cluster centroid of the i*" cluster [48].
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FiGure 4. Histograms of sample regions in ultrasound liver image, (a)
abdominal wall, (b) the border of the abnormal liver tissue, (c¢) the interior
of the abnormal liver tissue, (d) Hepatic artery

Using the Euclidean norm, Equation (3) is the distance metric d that measures the
similarity between a feature vector X; and a cluster centroid Z; in the feature space.

(X5, Z;) = | X; — Zi||® (3)

The objective function is minimized when data points are close to the centroid of their
clusters, which will be assigned with high membership values. On the other hand, low
membership values are assigned to data points far from the centroid. Equation (4) is
membership function. Equation (5) is updated cluster centroids.

k=1
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> (i)™ X;

Zi= " (5)
> (i)™
j=1
The FCM algorithm proceeds by iterating the two necessary conditions until a solution
is reached [49]. Each data point will be associated with a membership value for each class
after FCM clustering. The data point will be assigned the class label according to the
highest membership value. The important parameters of FCM are the number of clusters
(¢), the weighting exponent (m), and termination criteria [50]. When clustering real data
without any a priori information about the structures in the data, one usually has to
make assumptions about the number of underlying clusters. The fuzziness parameter in
terms of the weighting exponent m significantly influences the fuzziness of the resulting
partition. Usually, m = 2 is initially chosen. The FCM algorithm terminates when
the norm of the difference between U in two successive iterations is smaller than the
termination parameter £ = 1075,

3.1.3. Quantization based on a priority map. To accommodate the variation in image
statistics, the quantization step size is needed to be adaptively adjusted in order to achieve
higher encoding efficiency. In this research, the quantization step size is modified according
to a priority map created from the clustering results. The priority map generation is a
process to create an adaptive quantization mask. It specifies the levels of significance as
the Most Significant Group (MSG), the Normal Significant Group (NSG), and the Lowest
Significant Group (LSG) according to the results of FCM. The significant sub-images
from the candidates of irregular liver tissues, which need special doctor’s attention, will
be assigned with higher priority than those from the regular ones. The higher the priority,
the greater number of bits assigned for encoding. A standard quantization equation is

presented in (6).
Flu,v) )
F (u,v) = Round 6
‘1( ) <Q(u7 U)Classic/QS(ua U) ( )
where Q(u, V) ciassic is the standard JPEG quantization table (Figure 2) while Qg(u,v) is
the proposed quantization step size in (7).

PR\ 7" A
Qs(u,v)y =< Qn NSG (7)
Qv MSG

The quantization step of @y is assigned to the Most Significant Group (MSG), which
represents the candidate of irregular liver tissues. The normal tissues, the border of the
probe, and the scale/color bars are grouped into the Normal Significant Group (NSG),
which will be assigned the quantization step of @n. The Lowest Significant Group (LSG)
is considered as the lowest priority in the priority map, where sub-images of this class are
quantized to the minimum number of encoding bits. Figure 5 presents (a) the ground truth
image with the irregular tissue located within the red circle area and (b) the classification
results from Fuzzy C-mean clustering. Analysis of optimal quantization step for each
priority level should be performed in order to achieve the greatest performance.

4. Results and Discussions. In this research, a set of 17 abnormal and 7 normal liver
ultrasound images is used for analysis. An ultrasound image is partitioned into sub-images
of size 32x32 pixels. A 256-bin histogram of each sub-image is then calculated. Since the
gray-level distributions of normal and abnormal tissues are overlapped, especially in the
case of early stage, it would be difficult to efficiently cluster using hard clustering such
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FI1GURE 5. (a) The ground truth image with the irregular tissue located
within the circle area at the middle and (b) the classified sub-images, where
the white sub-images are for the MSG, the light gray sub-images are for the
LSG, and the rest sub-images are for the NSG
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FIGURE 6. A comparison of time complexity of K-mean and FCM cluster-
ing (logarithmic scale)

as K-mean. This results in expanding time to achieve clustering results. To overcome
this difficulty, Fuzzy C-mean soft clustering is implemented. The cluster centers and
membership values are iteratively updated. Using fuzzy membership allows FCM to be
robust to noise and outliers and gives superior clustering performance. A comparison of
time complexity of K-mean and FCM clustering is conducted as illustrated in Figure 6.
The clustering parameters for K = 6,8,10, and 12 are evaluated using Matlab functions
of K-mean and FCM. The sample results of K-mean and FCM clustering are shown in
Figures 7 and 8. From the results, it can be seen that FCM soft clustering produces
better clustering results with remarkably faster convergence than the K-mean hard clus-
tering. From experiments, the number of clusters (K = 10) can achieve better clustering
performance with reasonable time complexity.

The results obtained from FCM clustering are then used to construct a priority map,
which specifies the level of importance of the liver tissue regions. The highest priority map
designated as the MSG is compressed with higher compression ratio than the lower priority
map denoted as the NSG. An analysis of appropriate quantization step sizes (3 <= Qg <=
12) for MSG with Qn = 2 and @1, = 0 for NSG and LSG respectively is conducted. Figure
9 presents the sample results of reconstructed images using the standard quantization table
(¢) and using quantization step sizes of 3 (d) and 6 (e) respectively. In order to reduce
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FIGURE 8. The sample results of FCM clustering for K = 8,10, 12

the blocking artifacts, the quantization step size needs to be increased. The greater value
of the quantization step size, the higher quality of the reconstructed image.

The objective measurement in terms of Peak Signal to Noise Ratio (PSNR) [51],
Weighted Signal to Noise Ratio (WPSNR) [52], and Structural Similarity (SSIM) [53]
are adopted, which can be calculated as presented in (8) and (10) respectively.

MAX?
Ex NVF?
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FIGURE 9. The sample results of reconstructed images: (a) the origi-
nal image containing the abnormal tissue in white region, (b) the re-
gion of interest (ROI), (c)-(e) the compressed images with the stan-
dard quantization Q(u,v)ciassic, the proposed adaptive quantization with
Qs(u, v)pomE=10) = 3 and Qs(u, v) remx—10) = 6, respectively

1

NVF(@G,j) = ———— 9

C9) = Tr ey ®)
(2papty + C1)(204y + C3)

(12 +p2 +C)(02 + 02 + Cy)

where M A X is maximum intensity in the image. MSFE is mean square error. NV F(i, j)
is Noise Visibility Function. p, and p, are the average of pixel x and y. Q2(i, j) is Local
variance. o2 and o, are the variance of pixel  and y. C is constant.

One of the well-known parameters used to measure image quality is PSNR, which mea-
sures the level of similarity between reconstructed image and the original one. WPSNR
has been proposed as an alternative image quality measurement to PSNR with additional
NVF texture masking function. The Gaussian model is adopted in the NVF to estimate
amount of texture in an image. SSIM is another image quality measurement, which cal-
culates luminance, contrast, and structure comparison in terms of the mean and variance
of a pixel with its neighbors. Table 1 illustrates objective measurement comparison in
terms of PSNR, WPSNR, and SSIM. Large objective measurement leads to better image

SSIM(x,y) = (10)
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TABLE 1. Average objective measurement of liver ultrasound image compression

Qs | PSNR | WPSNR | SSIM | Qs | PSNR | WPSNR | SSIM
3 | 37.37118 | 13.86961 | 0.34495 | 22 | 37.48740 | 13.86981 |0.34496
4 | 37.41576 | 13.86932 | 0.34495 | 23 | 37.48753 | 13.86983 | 0.34496
5 | 37.42482 | 13.86982 | 0.34496 | 24 | 37.48955 | 13.86965 | 0.34496
6
7
8
9

37.43506 | 13.86957 | 0.34495 | 25 | 37.48704 | 13.86984 | 0.34496
37.43681 | 13.86970 | 0.34495 | 26 | 37.48804 | 13.86980 | 0.34496
37.45731 | 13.86922 | 0.34496 | 27 | 37.48917 | 13.86983 | 0.34496
37.45744 | 13.86975 | 0.34496 | 28 | 37.49022 | 13.86979 | 0.34496
10 | 37.46826 | 13.86969 | 0.34496 | 29 | 37.49046 | 13.86987 | 0.34496
11 | 37.47625 | 13.86976 | 0.34496 | 30 | 37.49003 | 13.86980 | 0.34496
12 | 37.48228 | 13.86967 | 0.34496 | 31 | 37.49001 | 13.86980 | 0.34496
13 | 37.48639 | 13.86983 | 0.34496 | 32 | 37.49026 | 13.86986 | 0.34496
14 | 37.49045 | 13.86976 | 0.34496 | 33 | 37.49209 | 13.86988 | 0.34496
15 | 37.49151 | 13.86985 | 0.34496 | 34 | 37.49214 | 13.86985 |0.34496
16 | 37.49264 | 13.86987 | 0.34496 | 35 | 37.49065 | 13.86983 |0.34496
17 | 37.49127 | 13.86984 | 0.34496 | 36 | 37.49145 | 13.86983 | 0.34496
18 | 37.48790 | 13.86976 | 0.34496 | 37 | 37.49121 | 13.86981 | 0.34496
19 | 37.48763 | 13.86985 | 0.34496 | 38 | 37.49161 | 13.86988 |0.34496
20 | 37.48765 | 13.86977 | 0.34496 | 39 | 37.49141 | 13.86984 | 0.34496
21 | 37.48595 | 13.86982 | 0.34496 | 40 | 37.49197 | 13.86984 | 0.34496
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FIGURE 10. An analysis of the appropriate value of ()5 is conducted in
terms of PSNR versus compression ratio.

quality. Even though both WPSNR and SSIM try to model human visual perception,
their values cannot be clearly distinguished two images with different qualities compared
to the traditional PSNR especially for the images with high texture characteristics such
as the ultrasound images.

Compression ratio is another parameter used to measure the ability to reduce the size
of the compressed image from the size of the original image. PSNR indicates the loss of
information in the image while the compression ratio specifies the degree of compression.
Nevertheless, compromising between quality and compression ratio is a critical issue.
Although increasing MSG quantization step size (Qg) will enhance quality in terms of
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PSNR, the compression ratio will be reduced obviously. An analysis of the appropriate
value of Qg versus compression ratio is conducted and illustrated in Figure 10.

As a result, the intersection point between PSNR, and compression ratio is suggested to
be a target point, which lies at ()5 = 7. However, at Qs = 6, the value of the compression
ratio is quite larger than at (Js = 7 while the value of PSNR is not much different.
Therefore, () = 6 would be a better choice. With ()5 = 6, the quality in terms of PSNR
is improved by 3.86 dB while the storage saving is reduced by 4.53% compared to the
standard quantization. The results show great improvement of the reconstructed images
while maintaining acceptable compression ratio.

5. Conclusions. This research proposes adaptive quantization for liver ultrasound image
compression. The quantization step size is adaptively adjusted according to the fuzzy
classified priority map. An ultrasound image is partitioned into sub-images and their
statistical characteristics in terms of histograms are extracted as key features for Fuzzy
C-mean soft clustering. The clustering results are used to construct the priority mapping,
which specified the levels of importance for each image area. The higher the priority, the
greater the number of bits assigned for encoding. An analysis of suitable quantization step
size has been conducted. With the selection of appropriate quantization parameters, the
blocking artifacts can be greatly reduced. Several subjective measurements are evaluated
to demonstrate the performance of the proposed algorithm compared to the standard
JPEG. The results indicate quality improvement of the reconstructed images while the
compression ratio remains reasonably high.
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