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Computer Simulation for the Treatment of Liver Cancer by Using
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Abstract

The current treatment for liver cancer has many
ways, such as surgery or use of chemotherapy but
often the treatments may affect to the patient or
treatment is still limited in some respects. Microwave
ablation (MWA) is one promising alternative for liver
cancer treatment. The objective of this research is
study the treatment of liver cancer using microwave
heat energy by microwave antenna with using a
computer program simulation. The influences of
microwave power input, heating time and distance
from the microwave antenna on temperature
distribution within the liver. This research focuses on
the effects

calculated from a porous media model compared

of temperature distribution results
with the results calculated from a bioheat model as
well as the experimental results in order to show the
validity of the numerical results, nonlinear transient
momentum  equations  (Brinkman model) and
transient heat transfer equation and electromagnetic
wave propagation equation are solved using the
axisymmetric finite element method (FEM). An axially
symmetric model is considered in this study. The
results are the temperature distribution result of the
with

than bioheat model.

media model is in
data better

Numerical model in this study can be used as basis

porous agreement

experimental
for the development of liver cancer treatment by
using the heat energy from the microwave.
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1fe (coaxial single slot antenna) @sviatihnaunieluag
Usenoumigdeseanaiu (slot)  UIUMINIWIA 1

fadwns agrsanndiniinieuen (outer conductor) 5.5

fadwns  Mnnauivewietaiy dwanddugui 1
duluazdsznoudediladidnasn (dielectric) v

Aely (nner  conductor)  uagalguan (outer
conductor)  waduueNYBIViBIARUILUAIEUADN
(catheter)

(polytetrafluoroethylene; PTFE) wasiothaduazyay

91 nlwdnnsenaglelsiedidu

fmnuaraululasiav Ao 2.45 GHz

To the cable connector

Catheter

Outer conductor

Inner conductor

Dielectric

St ——t 10 mm

L

N

55 mm

—>—

U 1 visdheduviindeseanadutauisn [6]

157199 1 VUIRYaIviau1Aau [6]

Materials Dimensions (mm)

0.135 (radial)

0.335 (radial)

Inner conductor (
(
(
(

Dielectric
0.460 (radial)
0.895 (radial)
1.000 (wide)

Outer conductor
Catheter
Slot

= s a a a 1o -
M19197 2 AauaNUAnsladianainvaviatiaiy [6]

Properties Relative Electric Relative
permittivity  conductivity permeability
&y O (S/m) U,
Dielectric 2.03 0 1
Catheter 2.1 0 1
Slot 1 0 1
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0.895
o
0.460

/

Normal 20

Cath

Niele

30 mm

U 2 wuusraseaeadinAtaRfAUNIATIOULNY
P1(4.5mm, 16mm), P2(9.5mm, 16mm) [7]
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fladiuns nefnanduuuileoluwaneviewindu Tne
mei’waawmamiugﬁﬁ 2
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& 4 o oa
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Specific
Thermal heat
. Density . Relative Electric
conductivity capacity o ductivi
Properties permittivity  conductivity
pere K w/m (k; 5 G . o
™ o (5/m)
“0) (kg r
o
Normal
0.497 1030 3600 4300 1.68
tissue
Blood 0.45 1058 3960 58.30 254
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Fixed temperature
Open boundary condition
Scattering boundary

Por  condition

——  Scattering boundary
condition

Thermal
Perfect electric conductor

AxE=0 Wall i x Ve - Juf,
——  Open boundary condition
. . (7]71

Axi-symmetry

55 AN \
E, =0—2=0

ar — Fixed temperature

=0 T=25°C

> D

U
1 - -
.<—pl + (a)n(V.u + (7.
=0
R Kop VT — (pC,)UT) = 0

z

L

r
[
Fixed temperature
Open boundary
condition
Scattering boundary
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1) Us1ngn1salfiansauuuansInssauiny

(Axisymmetric)

2) auuudmanlniafiadeufinteluviediaduy
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wiltndnludlinuulng (Transverse
Wave; TEM) @sagldfiaunulaiimsoauuundindnluiia

Electromagnetic
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3) auruudundnlnifindeuiidrgidededuay
Forsanlulnunaduiifuurauinudivdnanamiueang
(Transverse Magnetic Wave; TM) Aslalflaunuusimvdnly
Fevnans undnszansvesnauiianzaualiilufian
thy

4) nifavesriatindululasiandinualdidudea
auusaﬁ (Perfect electric conductor)

5) aurunitnantnil1fiiisesseseninavetniadu
Tulasn fudlaafuiianuseawiiaeiu
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Abstract
In  this solvent

evaporation technique was

research, a simple emulsion
used to prepare the
polymer capsule containing magnetic nanoparticles.
The polymethyl methacrylate and iron (lll) oxide
(Fe,05) were used as polymer shell and magnetic
nanoparticles, respectively. The obtained capsules
were thus coated with chitosan using slutaraldehyde
as a crosslinker to connect chitosan chains presenting
amino group on capsule surface. They would be
applied in biosensor, protein separation and so on. It

was found that the prepared capsules were spherical

with the average diameter about 2 Um. The zeta

potential was approximately +36.60 mV due to the

coating of chitosan.

Keywords: Encapsulation, Magnetic Particle, Simple

Emulsion Solvent Evaporation
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Wisconsin, USA; purity, 99%)
nedutinldozgiidonsenledifuigainnsd

iliusanslaaniseiu
wian (1)

aantym (ron (I oxide; Fe,05,< 50 nm, Aldrich,
Wisconsin, USA; purity, 98%) WL‘TJU’S’&@LL@JMﬁﬂ
Tnuna@suiUosdainn (potassium  persulfate; KPS,

Unilab; purity, 97 %) ﬁwiﬁu%qwéimamwmmmau LATND
do0nTLoiadau0) ¥oslunu NouolodLew
(polyoxyethylene (20) sorbitan monooleate; Tween 80;
Aldrich, Wisconsin, USA)‘L%LﬂuﬁhL?Nﬂﬁﬁ%ﬂﬁLLazT%’Lﬁu
a1sanuseisialunsnssnaunIAnefiueialumi-Asian
AuE1RU Ingdu (toluene ; Aldrich, Wisconsin, USA) nsa
2¥@Rn (acetic acid; Aldrich, Wisconsin, USA) lalaeiu
(chitosan; low molecular weight, Aldrich, Wisconsin,
USA) ﬂqmiaamaﬁ (glutaraldehyde; 25% in water,
Aldrich, Wisconsin, USA) Wag nsaleiadn (oleic acid:;
Technical grade 90%, Aldrich, Wisconsin, USA) LLam:]:’l

nauUIas 18 wingleviu nauneuld

ABN1INAADY
nIsaIlATIEdWaFIuTIalunIAsian (PMMA) Tae
ASEUIUNITAUATIZANOAIDTUUUDUATUY
Snsrdrulunisdunsizndulumuanuidodoundai
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[17-19] Iﬂﬂajﬂﬂi’n‘]ﬁﬁﬁ Foudia wyesian (60 n3u)
WU 80 (2.00 n3u) Inuvaden  Wasdawln (240 dafinsu)
wazthndu (240) anthuldniu 80 fiazansluth 220 n3u
waziiia wmasianadluyadauasgiudninlieglussuy
aginealasnislddugeaduiunisiduialulasiau
Uszann 5 50U uazaaeliszuveglugyyinia 15u
duereilnoiulnumadoundosdamn fazarelud 20
n$u adly Tnanlunisdansied 24 $lus neldfgamad
Asil 70 ssriwaiTua uazsasudalunstiu 200 soudeundi
theymanedlfiamyesianiidaunsizildlusufigumad

70 pamwaded Wunal 6 Talus

-00C

coo

“00C. )‘
= Coo

PMMA + 00/

(Oil phase)

——
500 rpm

® oo

=~ Oleicacid

toluene
evaporation

3

mild stirring

PMMA solution PMMA/Fe,0;
droplet particle

B pMMA: Polymethylmethacrylate

Toluene

B PMMA+ Toluene

JUN 1 UHUNINTUABUNITLATINNDALUTIALUNIATLAN
ualgaguauntauluwman (I senles lagldnissave
diasatsuuuireluszuuddadu

inTounedTiawmInTaauAUTaiueun AU luman (Il
vonlyd (Fe,0,) lnglanisseivedaagarguvudigly
ALIGHALI]

ﬁwaﬂémﬂwaéLmﬁaLumﬂ'%l,amﬁLm%ﬂﬁmﬂ%umaw,mm
azanglulngdu luvaugiioyniauluveamdn () eenlud
azthlunszanedeglunsaleladnriou nFntu naur
aesdruinmoiundaliu Fednsuda 500 seuseund
Uszanas 5 Wit avldsunisunienanansyans (dispersed
phase) wariee Maﬂ%uﬁnﬁaﬁfgﬂm@ial,ﬁaa (continuous
phase) 71l pH12 adlu ndeudusiednsudr 800 seuse
wnit agldneminuifoyniauTuveamdn (1) venled o
melunszaneiegludiu evinisssmelngdusen ned
wita-uniasianazuenigniadueuniaunluvesndn ()
oonlust Villd nedwfiamiaTianuauyaiviueyninu

Tuvaawdan (1) eonles LRUA TR UNNSIAT B AR IR
U7l 1 Tnglsvinsfnumavesnsaleiadn smstdausening
wedfiammasiandumdn (1) eonled uazwavedlngd
usoUszavBaiwnisiniiveyaiamdn (1) eenled T
Fnsndnlunsnnanineuanaianed 1

A135199 1 drunanvasatsadinldlunisimieuaynia
upUgadifuayntauluwman (1) senled daenisszime
aavhazansuuuireluszuudiadu

N9 PMMA  Fe,O; Oleic Toluene H,O*
NAABY () (9) acid () (pH
(9) 12)
(9)

1 0.45 0.05 2.50 45.00 90.00

2 0.45 0.05 1.25 45.00 90.00

3 0.45 0.05 0.63 45.00 90.00

a4 0.45 0.05 0.63 30.00 90.00

5 0.45 0.05 0.63 15.00 90.00

*H,0 (pH 12) USusg 2 M NaOH

Chitosan

(~—NH)

. . Tween 80
( )
‘ . Glutaraldehyde
(~)

PMMA/Fe,0,
particle

UM 2 ununIWNIsiAGaURIYaILAlYaNiNaynIAULY

9 9

PMMA/Fe,0,
particle coated by
chitosan

wian () aanles aqelalaeu

n7iﬂf’v‘d?oﬁwam@Ugaﬁiyaym@uﬂwaﬂwﬁn ()
oonlyd Dillnyjezilulngninadeumelalariu
thnedlufialwnasianuatgaiiusldaslunszanedly
asazateniu 80 (2-6 %w/w) udUSulvd pH widu 7
w2 M TmiAeule- asenled a1nty tlutumiesd
#n31457 8,000 seusawdl Wuan 5 wifl gaansazaty
druvusenudteuliundgauiiludevayyiniai
gumgiivies tlawizwedlufialmedianuadgaiiviusig
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viugo  furudldasiunsraneiluasazanslalagu
Tu 1% nsnezdin uwdihludumiedisnsinss 8,000 seu
fouit Wuan 15 wdl ilendalalagudrwiuesn lae
gaansazagduLeen tnzuaUgaivuselalasnld
atlunszanediluansazans 1% nsmezdRndnafauazmenn
gnseanlenatll 2-3 ven el iiAnlassssumszinsans

lgvadlalngu TUABUNMIATEULAAIRIUT 2

n75w7a”nwzuzmwwwav"ayn7mmz/g,mﬁij’yaymﬂuﬂu
wan (1) eonles

¥hmsnsvdnuasUvemediues uagainsexls
Ingn1sfnwsuirenelusiendesqanssadiuulduas
(optical microscope; OM, SK-100EB & SK-100 ET, Seek
Inter Co. Ltd., Thailand) 4aznaniganssAUBIANATOULUY
doan1u (Transmission electron microscopy; TEM; JEM-
1230, JEOL, JEOL Ltd., Japan) dnwauziiufivemmediues
waUgasendoqanssAiBlanasouluUdeInsIn (scanning
electron microscope; SEM, JSM-6510, JEOL, JEOL Ltd,,
Japan) Jnvunveswediuesuaugauazanuuuszgiinn
fomaianisnsziduas fiyu 165° fgumgiivios was
Zeta potential @19 U  (Delsa Nano-C, Beckman
Coulter, USA) Auinulasidusnsiuasunesusimesiiune
81193 (% monomer conversion) lagldn1siiasizilag
dritn (eravimetry) mﬁmﬁﬂimLaqamgalmaﬁ']muuas
thninlwanaiadelasiiniin (umber- and  weight-
average molecular weights; M,, and M,,) femalaLaa
iwoditodulasuirlunsadl (gel
chromatography; GPC; Water 2414, Water, USA) Tnely
roautned@leIula-lalifiaiuudy) (Phenogel 5 x 10°
and 5 x 10° A° (pores), 7.8 nm (i.d) x 30 cm (length),
Phenomenex, USA) fisns1nslua 1 fadansdounit Tneld

permeation

wnszlalasyusuduansimn wazmnangiiiivesanaly
lalngudiemalingd3ddaauninslnlnums (UV-visible
spectrophoto- metry; 1601, Perkin-Elmer, USA)

NAN1TIBUAZITAINANTIVY
NISIATIUNDAUTAUNIATAR]ALNTLUIUNITAUATIEINOA
WUOSUUUBNATY

TunsdamsizvinediuiiawnasianlnenszuIunITLUY
Bty wuh woRwesiildfidnwazenitu adediuy

fosneynaned- weinsyateieglutiludnvasans
wruassiiadesiduditady
Snwazfudiagdundnui 3 anduihlunesouauds
ﬁuﬁwumaawaamﬁameﬂ%mmﬁm%aulﬁ WU i
Wosdudnsdsuduwedimesivinfu  98.99% Lile
Anszvmintinluananisfemadanameiiodiulasin
Tnnsl wut Sdwidnluanandelaesiuan (1) whity
219,000 LLazﬁmﬁﬂIuLaqaimma?aiﬂmfmﬁﬂ M,,) windiu
455,000 n3uselua uasilgungl nsaguanuzAane

LazLleseeuneanaLll

Wi (glass transition temperature; Tg) 7 107 897
wawged F9lndlAgsiuAl Tg Yadnediuiialuniasian
eyl

UM 3 ayntanadiialumasianunasaininliuiei
WsBdIENIEUIUNTHUATIEILUUBTaTY

msweuneduiammsanunUraiueunmuluvan (i)
vanles Inelamsssmediasaruuudeluszuudiadi

Tunuideneuniiuszavanudnialunsimiouwod
wiia meﬂ%mmLmﬂégaﬁﬁuaumﬂmiumﬁﬂ () eonlen
TnensduATILY  NedwesuuuLILany [20] agelsAnny
wulnaziineynianediuia  wnesiandasyluignia
soifloaudstufiunisifinuaugadaasvinlviiudenueyadile
Taiudauss uenanidsldnardeudrsunlunisiedeon sy
Tuuisuilavandedesiiaeddasazldldnsduasiedt us
%H‘waaLmﬁaLamm%mmmasa’miﬂmqﬁu%ﬂLfJu(?hv‘l'ﬂ
avanofiszmeldienauiuoyniamdn (1) eonled 7
ﬂizmaﬁaa%ﬂumiaxmammiaLa'?me?’iuﬂuaﬁammﬁaﬁa
WEmentndid pH 12 adluiiteilvnsalewadnunnsale
auysnl Tnonsalo@dnuisdiufiunndiaziadeufionnun
\wEeuififuuenvemenasazatuneduiialumniaiian
dletlumesnsngs 800 seureunft vldAnwsadeulddu
wammﬁasa’m‘waﬁLuﬁaL;JWﬂ%Lamﬁﬁaumﬂuﬂumﬁﬂ (I
oonlas egagluilovinsszimelngdusen wedlufiaiy
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masanzuenigniaiueyn1AuIluman () senlsd v
Lldwediuiialmiasianuaugaiueuniauilumén ()
santud lagldfnwinaveinsalatadndodugIuineives
wetga Tngldusuiudsutsmaiaug 0.63 825 n3u (&s
nsnaaesil 1-3) wuhdiaduisanufidnuazenduade
iy uaziimnnagnawnieniaimeifureseatiosunn
Fagudi 4 LLasLﬁ'aﬁmimﬁaé’m@uiw&Jwawaﬂﬁwﬂuuag
uagainTonlifianinzinagfondosqanssaiuuuliuas
Faguit 5 wudmeminduiivssnaulufened-ufianmiad
an wiin (1) senled nsalewadn uazlngdu vesiivany
ANNLNTNAADY (gﬂﬁ 5a, b war ¢) Tdnwasdunsinay
warindndsognielu dnhaziduoymauiluvesndn (1)
oonled Tnsvuinvesmentnduagfisdunnimumonse
Toiadn enailownananuniinnieluresigniaiiduay
Wt unuUsinuesnsalewadn ieldanuiilunisdu
wisuveaify Ygniethiuifermiiadesniaziniou
vealdiheniuszdvunainnirigaeminduiifienuniings
waziilevinissuimelngdulaenistudiaduszua 24
Falus wumuevesuaUgaildisauanios (Uil 5 a7, b
way <) fvwadnaadedfeutuneathiiuiesiningdu
sumwoonld uonand dmuiuavgalunsdiflinnloin
8n 2.5 n¥u anAansuanifurnadng enaiosnainns
fnsalatadnuinifuly Tusenintamssemelngdu nsalea
Snazindeuiiniiinvemenuazunndliie yilrazanelu
Hldnnninannyaug msinsaleadnvieansanusiiamn
Tuthfsnnaanussfssewinsfaveaneattuiuiwili
yupeseynAldnas egnalsfiniu nisiinsaletadnosnun
Fuiluvuuminagimieadldeyaiaulumdn ()
oonled indoufioenunginldinnivuiy dasuldngud
5 o’ waugaiwIeuldfinnulusuauansinduiinaves
sumauluman (1) senles Yeenidnassannzmsmnass

uananil Seldvinsiavanagnanszaefiveaned
wiiaw-asianualgaiuoyniauiluimin (I eenles
shemaian1snszidsvemas wui1 Avsuansaleladn 2.5
n$u Tanuniamndsianunsansaain 16 duiiviua
nsaleladn 1.25 n3u uavgasivuin (vumeyniadslng
Sy, d, = 2.52 lalasuns) ngnianngdlduiinunse
Towadn 0.63 n3u (d, = 1.88 lulasiuns) nkan1sAaes
agUldiTnunseleadn 0.63 niu wanzauiasilld
Tunswsunedudiamasianuaugaiueun 1AL luman

() eenled lesnnliuavyavuiadnseduunluunsuay
floynawiluwidn (1) eenled gnviuldunn

()

UM 4 Bfaduvasnadufialumasianualgaiuaynia

3 ¢ & o ' a
wiluwdn (D eanled NUTHIMAIeY  vasnsalaiadn
(n$w); (a) 2.50 (b) 1.25 waz (c) 0.63

16 e 3 10m

10 um 10um 18 2 100

§1J17i 5 optical micrograph ﬂaawﬂﬂﬁﬂﬁu (a, b uaz c) nau
sevie gy uasnedwfiamniAsianuauyaiuayniauly
wn () sanles @', b’ waz c) fivSinamingg vaensn
Towadn (n3u); (a waz a’) 2.50 (b waz b’) 1.25 uay

(c waz c’) 0.63

Tunswieuuavgaiueuniauluvesuin () eanled

v

nanildlunissemelngdu udndedeiidfey dedu Jeld
Usuiasutsinavesingdu 15 30 uaz 45 n3u Wy
vengIsaratenedwdialmn-  AsanueunAuluman
) eonled Fnisnszaefuasdvunelndifsstuioans
anmzmsneaed (fagui 6) Taglunsdlitldsinalngdu 15
fioddns aeldnalumsssmeingduduiian 3dlddend
anmrilunisnasewisly esanaunsowounediudia
wmestanwaUgaineynawiluman (1) eenlus il
dnwazfudfaduldlasliviadinharaietes dadu
nstseniareUiinauazinarlunisssvelngdy  Tas
wadgaiieioulddanunsnilulilunsdutandusus
n399¥n yiiedmiuuenlUsiu fanmnsadufvarsidmane
wdueneenuaInfmegldieiiensiaiuwingn lag
U 7 wansliiufsnnuusaiminvesoynaunluman

() senlyn Negluualya lnenisuuadgauinszatedaly
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Undudduguaegu 7 a  disdudndnunfagaiiaudig
Wiedszeiianaswil ualgaaunsaduivwimanlaogned
UszdnSnnlaguaugalsiadouiunmudiddudiuniues

o’ < o w Y =
LLILVAAN mumiazma“laamwmwmgﬂw b

5UN 6 optical micrograph vaIwaAlNialUNIATIAR
unugaiuayn1auluman () eanled Avsuimegg
va3lngdu (n3w); (a) 45 (b) 30 wag (o) 15

(@ (b)

]
=

UM 7 amdEsuiuasevesnediiaumiasianualya

Y
U

< ¢ o o I 3
Viweunmaunluwman () sanled finszaredeglulineu

9 9

(a) uaznds (b) nsldwsiinanfga

Ususaiavesumaaiueynipunluman (i) eenled 15
dngferdlulpemsindouniglalnyiu
Tunsflazmediuesuauyaveseyniauiluman ()
panled lUdszyndldaudndudefinisusuugsiaves
uaUgal i fladdufivanzan 19y wyjesuenda nyjosd
lu %ﬂuﬂ’liﬂnﬂam‘ﬁ%mﬁaﬂﬂ']i‘lJ%/U‘lJ?ﬁﬁ’madLLﬂUSgaLf]u
nyjerillulagmsdmediuiiawmiasianualyanueun1Au
Tuwén (1) eenled uadeudmelalawu wasld ngansea
lamdumadouaunmiedesiulililalasungaeenain
Ruadgaluserinsnsiiluldan laenganseadlesazidon
aosanglgveslalaguiigiusslaauiiiungesiluves
lalagnu [21]
Jndudonniouitvewalyasieniu - 80

Aeudmedwesualgaluindeulalagiu
\9931n
a1savarglalagiuazdaniizilunsen lususiiuaugad

wissuldazdinsalowadnduansanusefieiiy nsnleadnagll
wandluanensailiiinnssindiveseuniaualgala
{18 ndnnisiedeudmelalagiunuitvuinvedwaUya
it d, = 3.02 llasiuns) uasiionenasazaiongen
2.38
lulasins) Tasvunaflanasiiezidesanvyosiluvesans

seadtanatly wuwnvesaUgalvundnas (d, =
Wlalaruiduinlasesauniy - nganseadlendayi
Tilalawudafinfuinvesuaugalduuiu uenand L
myinranululszguesalganounasndnaiou laln
91U uazndeinuiiseniungenseanles wuiszaiiinves
mv)
iesnanmsiinsaleiadnindousgiiin uaziileindeulale

wadganauadeulalagiuiiusvqfinau (-31.81

gufiRavewalya Usyaiitiazideuduuin (52.00 mv)
agednlauLasiilonyeziiluusdiuvesanglglalaguiin
Wusglarauniungmiseailedinn1sienying Useauan
vuRIveMAUYA (36.60 mV) Azanaudniles uifiiisme
sen1sdasiunssudaiuveseuniawauya Awziiiuldain
JU SEM (3U71 8a) waz TEM (3U71 8b) vesuaUganval
I3 ¢ & A %

aunawluman (I eenled Madeudelalneiu lag
waUgaiin1sinediiutdesudegluanius i uayiives

' = = - = A |
aunavzlilreleudniagideanilalnuniovey
(3U7 8a) Twwnuzfineluueugauandliiiudaauiioynia
widn () eenled agnelu (U 8b)

(b)

5UN 8 3U SEM (a) uaz TEM (b) vaswadiiamminsian
o 3 ¢ & o v
Vuaunawluman (1) sanled Mndaudelalagiu
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0.8
0.6

@
g 0.4

0.2

190 240 290 340 390 440 490 540

Wavelength (nm)

JUN 9 UV-visible ailnafuvasansazanglalneu (1%)
@) uwaznwaAwdfiaumasiaauagainayniaunluwman
() aanlwa Nwdaudiglalagu (b)

agslsfinnu levinisBudunanisinfnvesanalelale
yuvuivesalgalngldinatagi-dadarUninslulawms
dosnmyjesiluganfunadluzaey fadu mnlelngny
indeufitaunUgassazdeadaunaduveanisganduuas
Tutasgd anguil 9 unsisuifisuaunaduvedlale
unarnedwiiawmasianuaugainauniauiluméin ()
oonlad Mindouselalnsu wuiuaugaiinisganduuas
finnuendu 200 uluung Jeaoandesiulalngy
U3as 9nuansvaassuandliiiuinansondouiinves
wedluiianiesianuauyaiueynmauilumdn () senlyd
selalasld Fsazannsatimediesundgaiindoully
Uszandldaulusiudnsiaiadanmuasnisuenaiseely

dyunan1maaeg

Tunuideiivszavaudidalunaniomodufiamme
Sianuadgaiuouniaulumin (1) oenlyd ladewmada
msszveivharasuuudgluszuudsiadu Inefiangi
winzaufeld nsnleladn12.6 (0.63 n3u) WinvesauIAUN
Tuwdn (1) enled (0.05 n$w) wagldiiavaielngdu
Usvanal 13 ivewasiuveInadiufialumeasian
wan (I eenled Insuaugainouldiidnwaznsanay
uadszan 2 lulasues Inefeyniauiluveamdn (i)
oonled agnnelu uenvintu dsannsniedoulelngiuas
vufveuaUgatieliiiivg oziluvui Taeldngansoad
ledidumsidousraunvinlianeldlalasudafniuiives
aunakalta lnganusadudunalaninnisganiuuaves
lalamuuuiivesuadgaiinimeiadu 290 uluwns

3
L

donanesiulalaguuians dulu nediwesuadyaiiniey

ey

Ipdeanunsainluussendldanulusudinsaiadininuas
nswenanslenely
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Abstract

Electronic nose is recently popular and has been
used in various applications according to it is very
facility and easy to use. This paper presents the
classification method for personal shirt odor. The
metal oxide gas sensors have been measured the
stable,

convenience to design the circuit to measure the

shirt odor because it s reliable and
VOCs from sample shirt. The evaluate highest signal
changing value of gas sensor is then analyze using
artificial neural network to classify the shirt odor of
each person. The results show that electronic nose in

this experiment can exactly classify the shirt odor of

7 volunteers. The relative absolute correctly is 99%
that result is better than MDA and PCA technique.
Keywords: Electronic nose, Gas sensor, Artificial
neural network
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Abstract

The development of an artificial sensory systems for
robotic and computers is develop for a computer to
recognize and understand the physical nature of the
object. As The basis for the development of artificial
intelligence system for computers. This paper presents a
technique to recognize physical objects from the image
tactile system by processing images from the object at

close range. This study using a low resolution image size

16x16 point for 60 images per sample and for 6 groups
with each group of 10 samples. Processing and analysis in
this study, statistical features are extracted from a number
of acquired tactile images for classification in their

respective object image data. Principle Component
Analysis (PCA) used for extract and analyzes an image
sample. Which resulted in average classification accuracy
is 85%. The error will occur when the brightness of the
object in the gray level that are very different as car
sample is lowest accuracy is 50%.and ability grouping is
accurate when the object is the brightness in the gray level

are low differenced as tire sample is 100% accuracy.

Keywords: Object Recognition, Tactile Image, Machine

Learning, Principle Component Analysis, z-score
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Abstract

Recently, speech compression research aims to
produce a compact representation of speech sounds

such that when reconstructed it is perceived to be close

to the original. This thesis presents a studying and
comparison of wavelet filter for speech compression.

In the experiments, there are 80 speech signals which
are used as input data. These signals can be categorized
into 4 groups that consist of male and female speech
signal with the length of 5 and 60 seconds respectively.
These signals are then pass through to the three types
of Wavelet Transform: Haar wavelet, Biorthogonal
wavelet and Discrete Approximation of Meyer Wavelet,
in order to search the best appropriate for this
experiment. To classify wavelet, the energy average,
spectrogram and Dynamic Time Warping (DTW) are used.
The best appropriate wavelet is then used to compress
speech signal in level 1-3. The result of this experiment
is then compared with the Federal Standard 1016 Code
Excite Linear Prediction (FS 1016 CELP) in the term of
speech quality using Means Square Error (MSE) and Peak
Signal to Noise Ratio (PSNR).

The results show that Biorthogonal Wavelet provides
the best compress efficiency. Also the synthesis speech
sicnal with Invest Discrete Wavelet Transform (IDWT)
indicated that the 5 seconds female speech signal
provides the best average efficiency. Moreover, the DWT
and CELP speech compression is compared in the term
of PSNR and MSE. The results show that DWT provides
better performance than CELP speech compression and
also it gives the errorless when it compares to the
original speech signal.

Keywords: Haar wavelet, Biorthogonal wavelet, Discrete
approximation of meyer wavelet, Speech signal

compression
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v '
= P
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1A NV Snsnndudnuavesilsdtuiiuguiidenasd
AUTIVEEU (Smooth) 1nTu Usylewtivesdr NVM e
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Transform) [1]’LumwﬁﬁaLLa”aﬁzgzymﬁﬂmﬁmeﬂmJ
peufiamesaridnvazuuuulste visdudyyiaign
wouUis (Sampling) W fafufslddwannnsiesgins
washridauuuliiseiiastiu (Discrete Wavelet Transform:
pw) Tagagldnsedlunssuiunsutas dagnitanntulag
Mallat Tud 1988 sz1deuBnsues Mallat 1unuuusUASN
ﬁ’uiumjmQﬁv‘hmmﬂmé’mmm’hLﬁumﬂ%ﬁﬁmwu 2
Yasdayy10de8 (Two-channel Sub band Coder)
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PeludunauLfg?

o ]

UNANUTULEUBWATANISTUDAF U LELINA 2 tnATiA

(A7) o]

Tnetunousnag awUsznaudae QR HGATRTRRNE N TR LY
n1studadead NTzUIUNSTUSALES NTEUIUNITAUNGY
dyarannistusadyarudesyn wagn1siTguiiigy
A mussdnyaandedvsilndifssiudyg auduadtulag
Wisuidleutuia 2 wedla Seduneuse szuansluguil 3

nsdenasznavindn WWunszuiunismsdndeniamian
Wl luldlunsudadyaiandes wedonanidnd
mmzauﬁq@ﬁm%’uwmmﬁ Tngazdnamidndiiiunis
Antdenvzgniudadyniaideiuazfundudyyiu Wi
wWisuieuiumalia LPC

Original Speech Signal

Discrete Wavelet Transform '7 Linear Predictive Coder
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Transform (IDWT) (LSP)
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Modern Speech Signal

Comparisons
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Tndanaun 3 n3eNa f® Haar wavelet, Biorthogonal
wavelet Lag Discrete Approximation of Meyer Wavelet @4lu
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o oA Compression
ANFIEIUN | P q | p/q | Sampling rate
Rate
1 3 2 1.5 3000 2.67
2 4 2 2 4000 2.00
3 5 2 |25 5000 1.60
4 3 1 3 6000 1.33
5 a 1 4 8000 1.00
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4. 1ILAn Discrete Approximation of Meyer
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N3UT 10 aziulddndu DTW axfidnvazlndifes
Fudunseifudusedann sanadedndu DTW TndlAes
Wunsannmils wandliiiuindyaaudesdinnulndiAseiu
Fuatuurnviniy dadunisiuIouliieudnvasidue
Fygrandesdaglddinsradunuvanduius (Correlation
Detector)  laonnsAiuimiAtduUssansanduius
(Correlation Coefficient) s¥wInadu DTW uag L&Us1994
muaumiﬁ 6

_ NEXY ~((ZX)(2Y))
\/(NZXZ—(ZX)Z)(NZYZ—(ZY)Z)
o

nEunsh 6 WumsAnumeduUssancanduius  Lile
WisuLfleuuszanSninuewinidnvia 3 aszna Fmadnsues
doyarandsaaudaznaulauanifsnsed 2-5

A15199 2n15tUSeuLisuAIduUSEANSandunusvas
frygrandesvasdingeiiiaan 5 3undl

. e AszNaINLAn
NIINIGUADYN
o o X Discrete Approximation
VBIHQYYIULEBINA|  Haar | Biorthogonal
of Meyer

3000 0.99931| 0.99953 0.99902

4000 0.99957 | 0.99848 0.99876

5000 0.99970 | 0.99964 0.99965

6000 0.99974 | 0.99984 0.99988

8000 0.99938 | 0.99833 0.99787

a a a W a £ o o ¢
M19199 3N UTIUNIUANIEUUSSANTaNAUNUSVD
frygrandesvasivieiiagi 5 3udl

. . AsznaLIvian
BNTINIFUAIDYY
o g Discrete Approximation
VoY YULEeINAl  Haar | Biorthogonal
of Meyer

3000 0.99273| 0.97433 0.98839

4000 0.96996| 0.96652 0.99299

5000 0.99468| 0.99386 0.99208

6000 0.99213| 0.97846 0.98747

8000 0.99389| 0.99164 0.94263

A15197 4n15tUSeuLisuAIduUsEANSand NSV
deuyrandesvasdueitaan 60 Jui

. o asznaLanian
ANTINITEUAIDEY
o Discrete Approximation
vasdtyyrandesnn| Haar | Biorthogonal
of Meyer

3000 0.99986 0.99978 0.99986

4000 0.99977 0.99898 0.99941

5000 0.99993 0.99879 0.99870

6000 0.99983 0.99978 0.99980

8000 0.99979 0.99966 0.99986

J @ £ o W
A15197 5n15tUSeuLisuAtduUseAnSandunusves
deuyrnudesvasgureitag 60 Judl

. e AsznaLIvian
ansINsduaaagng
o . Discrete Approximation
wasdyyaudeswnl  Haar | Biorthogonal
of Meyer

3000 0.99597 0.98840 0.98443

4000 0.98199 0.97472 0.95501

5000 0.99239 0.99095 0.99226

6000 0.99765 0.99473 0.99533

8000 0.99755 0.99592 0.99883

s
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Error)
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A15197 6 ALRABYBY MSE

. - o - Aaae MSE
ICAUNIIUUDIN LEYINA
Y DWT CELP
AViJe 5 3w | 0.0039684 | 0.0394481
o od B 53U | 0.002262 | 0.0109041
FEAUN 3 %39 Order 10[5"
AViJe 60 JWni| 0.0081388 | 0.015538
H¥1e 60 3wn9i| 0.0040201 | 0.0037642
AVEe 53w | 0.000699 | 0.0346344
o 4 HY1e 53w | 0.001325 | 0.0098298
FEAUN 2 %198 Order 202"
AVEe 60 3Wn¥i| 0.0024015 | 0.0161028
HY1e 60 TWn9i| 0.0025496 | 0.0045219
AVeJe 5 3wndl | 0.0002561 | 0.041775
o d . a HY1e 5 3W1d | 0.0003154 | 0.0105815
AU 1 e Order 30[7"— = =
AVIJe 60 3wndl| 0.0005144 | 0.0168456
Hw1e 60 Ju1¥i| 0.0007185 | 0.00439

A15197 7 ALRAYYaY PSNR

v o Aade PSNR
3TAUNITUUDA RN
DWT CELP
RVIEJe 5 Wi | 22.964986 | 13.781483
o d Hoe 5 3ud | 19.55126 | 19.381605
FEAUN 3 %158 Order 10—
RV 60 UM 21.404765 | 17.657204
A 60 Uil | 22.588559 | 23.782297
Avidja 53Ul | 30536701 | 14.82256
o 4 HYne 5 U7l | 24.893672 | 20.100045
JEAUN 2 %39 Order 20—*
NYRYS 60 JW | 27.309833 | 17.807994
HYY 60 Uil | 26.265939 | 23.250548
fvidle 5 Jundl | 34.548318 | 13.704442
o4 HYne 5 U7l | 32.612891 | 19.78766
F8AUN 1 %158 Order 30— —
RV 60 JU | 33.886936 | 17.548176
He 60 Junl | 31.965845 | 23.639487
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Abstract
This study was aimed to 1)

maintenance management system based on web

develop a

application 2) evaluate the period for completion of
maintenance on web application based on the
model system development life cycle (SDLC). This
system was divided into five phases: 1) planning 2)
analysis 3) design 4) application and 5) maintenance.
Then, the completion period of maintenance was
determined by the collection of 895 documents
during October 1, 2013 - September 30, 2014. The
statistics used were the mode, percentages and
averages. The results showed that 1) the developed
system was able to track the status of the repair,
history and results of operations, which could be
adapted to develop maintenance management
system on web application of the Faculty of
Pharmacy, Mahidol University 2) the period for
completion of maintenance on web application
showed that the period of the repair of electrical
systems, air conditioning systems, plumbing systems
and system building, had average completion periods
per item of 3.85, 3.75, 2.73 and 4.08, respectively.
Completion period with the highest frequency in the
repair list was 1 day of every system. Development of
maintenance management system based on web
application allows for more efficient maintenance
and can be used to plan the administration to
improve the service for the better. It can be taken as
a model in the development of management
systems in other departments in the future.

Keywords: System maintenance through the web,

The management of maintenance
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2554 Han1sAnwInuIUTIHuIIna1 i suivTuw
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A1E1AgY: HuanaTLfieyn aaLfiey TRMM Audunusids
LAURS

Abstract

The relationship between the rainfall obtained from
weather satellite of the Tropical Rainfall Measuring
Mission (TRMM) and the recorded rainfall from Thai
Meteorology Department (TMD) was investigated. The 3
hourly rainfall data during 2009-2011 over the study area
of the Nan River Basin were used in this study. The
TRMM rainfall is higher than 3- hourly areal rainfall over
the study area. More than 48% of 3-hourly rainfall pair
occurrences are in the range of 0-5 mm. The obtained
Probability of Detection (POD) score is more than 58%.
The comparison of the TRMM rainfalls and the gauging
rainfalls was undertaken using the linear regression
technique. The comparison result was quite satisfactory
with R” of 0.557.

Keywords: Satellite rainfall, TRMM, linear regression

technique
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AMunansianazn1sunsnszatevasuanluaed Cyprinidae
) dy v % =
UILIUNUNAUUINY

Diversity and Distribution of Cyprinid Fishes in Tapi Upstream System
S99l 1aAgvSya wazdumn vigle
mhedemsinmsaunmdnith ausnuasmand sinerdemaluladevusaaive
WY NYIUATASTIIUTIY 0.9]984 2.UATASEITUIIY 80110

*E-mail: theerawootl@yahoo.com

unAnga

NsAn¥IANUUAINTakAENITNINTEeYasUAT Y
29F  Cyprinidae  Usnauituitduninnd Tusewing ¥ naa.
2555 — 2557 lagvhmsdraiuiiiuiiogasm 16 90
feil Smfaaunsond 6 90, Smiaunsaisssuy 4 99
uazdamianszd 6 9a HamsAnwEIsaS MU TIUATlY
29A Cyprinidae lAg1uau 26 ana, 36 vl Wngldndninas
704 Fishbase (2016) fuiiguthe® luwadmianszdny
ai’m’mjﬁmslumjmﬁqqqmﬁmau 25 iln mudaeuiidma
UASARTIIT AR TN SNEAE Sruau 21 wfaninfudou
mauwsnszenUIiaUafiimsunsnszanedts 3 fuil
1 11 ol vasedivdauainuldnniud (Fwia) Wen
511w 15 via Inenuludwiansed 8 ofln,  dwda
UASARSITUIIY 4 BT Uaedmringsnugssdl 3 viin

AIEIALY: PIUVEIMNUAIENITININ NITHNINTEINBVB
Uan wlthan?
Abstract

Diversity and distribution of Cyprinidae in Tapi
upstreams were investigated during 2012 - 2014. Sixteen
localities from three provinces were assigned as fish
Suratthani (6
Nakhonsithammarat (4 stations) and Krabi (6 stations). In

collection sites, stations),
this study 26 genera and 36 species of Cyprinidae were
identified and confirmed according the Fishbase (2016).
Krabi has the highest number of fish species (25 spp.),
followed by Nakhonsithammarat and Suratthani (21
spp.). Of 36 fish species collected, 11 species were

distributed in all three provinces, while 15 species were

present in  each province, Krabi (8 spp.),
Nakhonsithammarat (4 spp.) and Suratthani (3 spp.).
Key words: Species diversity, Fish distribution,

Cyprinidae, Tapi River
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250 il (nans, 2557)
lunsdrsranuguanludminuaseassssusylul
WA, 2544 - 2545 wuuantinda 11 Suiu 31 29A 112 vila
wdiwusndigede Cyprinidee  (Wamesifiou Uanados
Ua@7) wu 40 villa 599a91AD Bagridae (Uanna Uanuaes)
wu 8 vlla Cobitidae ~ (Uamy  Ua1da) wu 7 vila
Mastacembelidae Wansehs  UYavaa) wu 7 wile
Balitoridae  (Yan3san  dandaiiu) wu 6 vila mudnsu
uaﬂmﬂﬁs‘hwuﬂmmaumﬁguﬂ dnday 1-5 wlia 593
44 ¥l Baluazane,  2548) waraINNISANYINIS
uwnsnsznevesUsznauvatluwithnnd wudrarluw
1T 88 wiln 32 29 daRmRBuNUINNTigRTIY 34
wiin Taseade wazdszanautailaesuaunazminiiny
11nAUa%1 (Dangila wazUainslieua?
(Barbodes gonionotus) 8afUsznauvainguuaInunguuan
findn Uandu ¢ Uawtlauazanfuile Yevay 79.95, 7.76,
7.72 Waw 3.57 ANARU (@Amuazan, 2550) Yalsigud
AnwuarITegNgIULNIIANIaUn aningsugssnd
(2554) I§s1saufisuanidafinuuinugneuuien
WAeN3e 8MN0INNA Tamings1ug3ond 131w 40 vila
91 15 29 Tuswaudl 17 ¥iia Wuvaluned Cyprinidae
TunsfnwadsifajatuAnvvamidanmelungu

lineatus)

Cyprinidae Aaonaunsuninszas luudaduind q
AsBURRUILT 3 Fanin Aegs1ugiond unsriossuss uay
nszd deyaamnmsinwazianluguumdumseying
ynnensdnin Fafufuudazgaymedsdianvgainang
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NAN1SINY

PNNTEITIATANBIAILRAINTA SIDNTT
unsnszanevastanlu 219 Cyprinidae  USasiuiidy
1977 lusening O w.e. 2555 - 2557 @1a150516un
W33uUalwd Cyprinidae ladnwiu 26 ana 36 wiin
Aundninasives FishBase  beeail Barbichthys
(1 ¥iim), Barbonymus (3 ¥1in), Barbodes (1 i),
Crossocheilus (1 ¥1n), Cyclocheilichthys (1 %),
Devario (1 wlia), Esomus (1 wHa), Garra (2 wiln),
Hampala (1 ¥im), Henicorhynchus (2 %iia), Labeo
(1 ¥im), Labiobarbus (2 win), Leptobarbus (1 wi),
(1 wilm), (1 wilm),
(1 wila), (3 wil),
Oxygaster (1 ¥ia), Puntioplites (1 wia), Puntigrus
(1 w#ia) Puntius (2 ¥iia), Raiamas (1 ¥in), Rasbora
(3 ¥1n), Systomus (1 ¥i@), Thynnichthys (1 %iin)

way Tor (1 ¥ila) (A157971 1, gﬂﬁ 2-37)

Lobocheilos Mystacoleucus

Neolissochilus Osteochilus

NudguinPluadmiansyd aunsanusuueie
lunquilgean Ao 25 viia arudiefuiifants
UATATETINIY (21 viln) wazasug$eni (21 vlia) diu
AsunsnsEarenUIriaUarfiinisuns nszanens 3
Nudt f9uau 11 98a vausdiedadanfinuldanfiud
(Fan¥n) 1 feruau 15 ¥ Inenuludwiansed
U 8 ¥R,  TINITAUATAITITUIIVIIUIUN 4 1A

Wz inasugs51ldiwiy 3 vla (115199 1)

A1519% 1 Ydanazn1sunsnszangveslanluasd Cyprinidae Tuusianudiduiind

. o . . garugiond UATATIIIIY nszl
aau Foeneans Folny
1:2:3:4:5:6|7:8:9:10(11:12:13:14:15: 16
1 Barbichthys laevis PNUN . .
2 Barbonymus altus PELEUNDa < e
3 Barbonymus gonionotus Pl ° c it b R A A R R
4 Barbonymus schwanenfeldii Nz a1 . c e s .
5 Barbodes binotatus m:Lﬁﬁij’mﬂ ° el
6 Crossocheilus reticulatus duilowns e el
7 Cyclocheilichthys apogon Tddununs R
8 Devario regina Flule N B L L A
9 Esomus metallicus FIUINY < cie
10 Garra cambodgiensis Befu ung i L N I . cie
11 Garra salweenica Bediu nyn R AL e L L B
‘ ) gamugdsni UATASSITUTIY nsed
aau Foneneans Yalny
1:2:3:4:5:6|7:8:9:10(11:12:13:14:15: 16
12 Hampala macrolepidota ﬂizqu% : R B A R R R B B
13 Henicorhynchus lobatus #5089 R
14 Henicorhynchus siamensis @5o8um A
15 Labeo chrysophekadion A6 . . .
16 Labiobarbus leptocheilus %41 e
17 Labiobarbus lineatus 41 afougnndy o B A
18 Leptobarbus hoevenii Al ° Sl st
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19 | Lobocheilos quadrilineatus asougntn wie
20 Mystacoleucus marginatus PUNNNET %ﬂ@ﬂ M
21 Neolissochilus soroides WAV
22 | Osteochilus vittatus a¥otuninn o R B
23 Osteochilus melanopleurus W wsuasiy
24 Osteochilus waandersii sosliiu Cictitie
25 Oxygaster pointoni wlumag
26 Puntigrus partipentazona Lﬁaqmmﬂ st
27 Puntioplites proctozystron RN ° °
28 | Ppuntius brevis AZIBUNIY
29 Puntius lateristriga dnes ° s
30 Raiamas guttatus U 9N @xuNn
31 Rasbora caudimaculata Fanssing c e
32 Rasbora myersi A
33 | Rasbora sumatrana ety
34 Systomus  rubripinnis LLﬁu%w R
35 Thynnichthys thynnoides aSouindnd . y
36 Tor tambroides g ey

WUBWE: 1 ARBINY, 2: ARDIAY, 3: ARBIEY, 4 AaBIANIURARZIUAN, 5: AavsAnAuRiAnsTIUBaN, 6: ARBINU,

T ﬂﬁﬁ]\‘]@]'lﬂ, 8: ﬂam@mﬁau, 9: AABYTELLUY, 10: AADNYN, 11: ﬂaaaﬁuimu, 12: AapInseen, 13: ﬂaaqmqmﬁm,

14: papsduyy, 15 deunduriuliideu,16: paaangauw (- « « giinusiegisal)
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P
v G =

3Uf 2 - 37 wilavanluaed Cyprinidae TuuSauiuiifuin

2: Barbichthys laevis, 3: Barbonymus altus, 4: Barbonymus gonionotus, 5: Barbonymus schwanenfeldii, 6: Barbodes binotatus,
7: Crossocheilus reticulatus, 8: Cyclocheilichthys apogon, 9: Devario regina, 10: Esomus metallicus, 11: Garra cambodgiensis,

12: Garra salweenica, 13: Hampala macrolepidota, 14: Henicorhynchus lobatus, 15: Henicorhynchus siamensis,

16: Labeo chrysophekadion, 17: Labiobarbus leptocheilus, 18: Labiobarbus lineatus, 19: Leptobarbus hoevenii,

20: Lobocheilos quadrilineatus, 21: Mystacoleucus marginatus, 22: Neolissochilus soroides, 23: Osteochilus vittatus,

24: Osteochilus melanopleurus, 25: Osteochilus waandersii, 26: Oxygaster pointoni, 27: Puntigrus partipentazona,

28: Puntioplites proctozystron, 29: Puntius brevis, 30: Puntius lateristriga, 31: Raiamas guttatus, 32: Rasbora caudimaculata,

33: Rasbora myersi, 34: Rasbora sumatrana, 35: Systomus rubripinnis, 36: Thynnichthys thynnoides, 37: Tor tambroides



Research Journal-Rajamangala University of Technology Thanyaburi, ISSN 1686-8420, Vol 15, Issue 1, 2016 62

N15ANYIAIIUNAINTLALALNITUNINTEAN8VBIUAN
Tuned Cyprinidae  USaauftudigutia® Tusewined
WA, 2556 - 2557 TagvhmsdsafiuiiAugogiesu 16
0 ol faminganunsond 6 9a, finuasaIsTsuse 4
90 uazdminnszd 6 90 nansAnwiamIsas NI
Ualured Cyprinidae 1#81uau 26 ana 36 ¥lin il
mMsfnufiiuan Tsenuilaseaiisussaauianluu
thaBuazaaesanviifie 110 vlin 89 10 Suduusniing
wndign lown a¥esun-lu1 §2A18 2 Fanaw Jedliidy
wtlu peifeunm Tdununs Tdiunen Saimuandulan
Tundu Cyprinidae #3du (uwAa, 2558) uananiignmuas
Ay (2550)  AnwFeslassaiieszuinulan uas
UszAnsnmvonndesiiorislugrafuindeusulsenn
WA 2546 - 2550 WUIENUGUA1 37 via 12 1A WU
Uamzifisuunniignsay 21 v uaziilowIouiioudy
ﬁwuaumﬁmaﬂﬁéfﬁmwulufjmﬁ;wiN 9 Tudanin
UASASSIINIY Tl w.a. 2544 -2545 TaeS5idl uazAuy
(2548) wutalunguieaiuiias 40 v 9ndidrsaany
R 112 wide Tiiuinvatluaed Cyprinidae Sy
Uanfiansnsonulginnigeluguiind uarlndides sais
fnnsuninszarsuniian Wesainnuldfauaduiiauds
Uaneth

Uanguisasaiinfienuaisay uazannIntisinig
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Abstract— Ultrasonic image is one of the imaging
techniques that widely used and safe for medical
diagnostic, due to its noninvasive, low cost and real time
forming. However, the qualities of ultrasonic images are
typically degraded mainly due to the presence of signal
independent known as speckle noise. In this paper,
speckle noise suppression in wavelet domain and
feature extraction technique is studied. In particular,
speckle noise reduction is a preprocessing step before
applying a feature extraction process. In speckle noise
suppression process, the logarithmic transform is firstly
applied to the original image in order to convert
multiplicative noise to additive one. 2D Stationary
Wavelet Transform (SWT) is used to decompose the
logarithmic image into four subbands. Next, 2D adaptive
Wiener Filter is applied all over areas only in detail
subbands. Finally, the 2D Inverse SWT is computed and
it is followed by the exponential transform to get the
reconstructed image. To evaluate the studied method
for speckle noise reduction, some classical well-know
methods, such as Median filter, Wiener filter, Discrete
Wavelet Transform (DWT) based on Soft thresholding
and DWT along with Wiener filter are compared. For
feature extraction process, Haar wavelet filter is used to
extract the ultrasonic features compared with Sobel and
Canny operator. Moreover, the nonmaxima suppression
technique is adopted to get the edge localization.
Finally, the hysteresis thresholding is applied to get the
final result in binary format. The results have clearly
demonstrated that the studied method outperforms
several existing methods for speckle noise reduction in
terms of signal to mse ratio (S/mse) and edge
preservation (B). Moreover, the studied method can

detect well-localized and thin edges.

Keywords - Feature Extraction, Speckle Noise

Reduction, Stationary Wavelet Transform, Ultrasonic

Images.

I. INTRODUCTION

Ultrasound imaging is widely used and plays an
important role in medical diagnosis because it is a
noninvasive, real-time and inexpensive modality [1].
However, ultrasonic images are usually suffered from
speckle noise, which corresponds to coherent wave
interference in tissue. It is well known to be signal-
dependent in ultrasound imaging system. Over the years,
speckle noise suppression and feature extraction have
been widely studied and considered. When filtering
random noise from a noisy image, two main issues to be
considered are: 1) how much noise had been removed,
and 2) how well edges are preserved without blurring.
Conventionally, there are several simple techniques for
speckle noise suppression. Some of well-known classical
speckle filterings include Lee filter, Kuan filter, Median
filter and homomorphic Wiener filters [2-5]. They can
effectively suppress speckle noise but they fail to
adequately preserve the edges. In the past decade,
there had been considerable interest in using the
Wavelet transform as a powerful tool for recovering
signal from noisy data. This method is generally referred
to as wavelet shrinkage technique. In 1995, D. L. Donoho
presented a soft thresholding method for denoising in
S. Chang, B. Yu and M.

Vetterli introduced a new shringkage method, BaeyShrink

one dimensional signal [6].

[7], which also outperformed Donoho and Johnstone’s
Sureshrink  [8].

probabilistic methods for speckle noise reduction in the

Furthermore,  others  proposed
wavelet domain [9]-[12]. Another proposed approach

uses adaptive block-based singular value decomposition
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for speckle noise suppression [13]. Recently, A. K. Gupta

and D. Sain have proposed a speckle reduction
technique using logarithmic threshold contourlet [14].
The method proposed by C. Barcelos and L. Vieira used
an adaptive edge-controlled variation function to detect
and reduce speckle noise [15]. Moreover, speckle noise
suppression and feature extraction in ultrasonic images is
proposed [16].

In this research, a method for speckle reduction and
feature extraction in ultrasonic images is studied. First, a
logarithm is applied to the original image in order to
transform the multiplicative noise into the additive
noise. Next, a 2D Stationary wavelet transform (SWT) is
used to decompose the image result from the first step
into four subbands. Then, 2D adaptive Wiener filter is
applied over areas only in detailed subbands. Finally, an
inverse 2D SWT is

exponential transform to reconstruct the image. The

computed and applied the
studied method is also compared with some existing
approaches, such as Median filter, Wiener filter, 2D
Discrete Wavelet Transform (DWT) based on Soft
thresholding and DWT along with Wiener filter. Speckle
noise reduction is a preprocessing step before applying a
feature extraction process. Next, feature extraction
process, Haar wavelet filter is used to extract the
ultrasonic features compared with Sobel and Canny
operator. Moreover, the nonmaxima suppression
technique is adopted to get the edge localization.
Finally, the hysteresis thresholding is applied to get the
final result in binary format.

The rest of this paper is organized as follows. Section
Il describes the study of speckle noise reduction, feature
extraction and quantitative image quality measures.
Also, the experimental results are expressed in section

lll. Finally, the conclusion is provided in section IV.

Denoising

——» exp(g) —>

f log(noiseimage) 9 wT

Figure 1. Block diagram for speckle noise reduction

columns
rows m‘b {f. (X, y) (Approximation)
vy [
H(y) {f ., (x,y) (Detail)
Input image
f(xy)
{f, (X, y) (Detail)
H(y) {f,.(x,y) (Detail)
fLLl fLHl
fHL1 fHHl

Figure 2. 2D Stationary Wavelet Transform Decomposition
Scheme

Il. RESEARCH METHODOLOGY

A. Speckle noise reduction and feature extraction

Similar to homomorphic Wiener filtering, the studied
method can develop a speckle noise reduction, which is
done in the SWT domain. The block diagram of the
studied method is illustrated in Fig. 1. Details are as
follows [16]:

a) Take a logarithmic transform to the original image (f),
which yields image result (g).

b) Perform a 2-D SWT of the log transformed image and
decompose into four subbands (LL, LH, HL and HH).

c) Perform a 2-D adaptive Wiener filter only in the
detailed subbands (LH, HL and HH), window size 7x7 is
chosen, which yields the image result ).

d) Apply the inverse 2-D SWT, which yields a denoised
image (g).

e) Take the exponential transformation of the denoised

image to get the reconstructed image (f).

1) 2D Stationary Wavelet Transform

Unlike the conventional Discrete Wavelet Transform

(DWT), the two dimensional Stationary Wavelet
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Transform (2D SWT) is based on the idea of no
decimation, which means the SWT is translation-invariant
[17]. It applies the DWT and omits both down-sampling
in  the

transformation. 2D SWT can be implemented by first

in the forward and up-sampling inverse
applying the DWT along the rows of an image, and then
applying it on the column of an image. Therefore, a
transformed image is decomposed into four subbands,
which are the same size as the original image. The LL
band contains the approximation coefficients, the LH
band contains the horizontal details, the HL band
contains the vertical details and the HH band contains
the diagonal details. Without translation-invariance, slight
shifts in the input signal will produce variations in the
wavelet coefficients that might introduce artifacts into
the noise reduction process. This property is good for
noise removal because the noise is usually spread over
a small number of neighboring pixels. The 2D SWT

decomposition scheme is illustrated in Fig 2.

2) 2D Adaptive Wiener Filter

Two dimensional Wiener filter is a minimum mean-
square error filter [18]. It is a nonlinear spatial filter that
moves a window or kernel over each pixel in the image,
computing and replacing the central pixel values under
the window. It uses a neighborhood of window sizes to
estimate the noise power from the local image mean (u)
and standard deviation (@). 2-D Wiener filter has output
defined by [19-20],

O_Z

vy D

Y’\(Xi,yj)=/,l+ o

where 1, o’represents the local mean, standard
deviation obtained from the noisy image window
respectively. Y is the noisy pixel and ¥ is the filtered
pixel. Also, v is the noise variance, estimated from the
average of all the local estimated variances in the image.
The size of the kernel should be odd. If the size is too
large, important features will be lost. On the other hand,
if the size is too small, noise reduction may not yield
good results. In general, a size 3x3 and 7x7 kernel
provides good results [14].

3) Feature extraction

Speckle noise Feature Extraction

reduction

Histogram Harr Wavelet Nonmaxima

image i i Equalization Filter Suppression

Figure 3. Block diagram for feature extraction process [16]

Fig. 3 shows the feature extraction process. First, the
denoised image is enhanced by histogram equalization
technique where the accumulative histogram of the
image is linear [2]. The goal of this method is to make
structure within the image more visible to human
observers. Next, Haar filter is used to extract the object
from denoised images in the vertical and horizontal
direction separately and modulus sum is used to get the
edge detection result. Then, nonmaxima suppression
technique is adopted to get the edge localization.
Finally, the adaptive hysteresis thresholding is applied to
get the final result in the binary format. In a binary
image, each pixel value is represented by a single binary

format.

B. Quantitative quality measures

To quantify the achieved noise reduction ability
to be

considered, which are how much noise has been

performance, there are two main issues
removed, and how well edges are preserved without
blurring. In the past decade, there have been many
quantitative quality measurements proposed. In this
research study, three image quality measurements:
Mean Square Error (MSE), Signal to MSE ratio (S/mse),
and edge preservation () are used and computed using

original and reconstructed image data [21-22].

1) Mean Square Error (MSE)

1 N 2
MSE = Hzmn (Si,j — Si,j (2)

ij=1

Whereas n and m are image size, § and S refer to
reconstructed and original images, respectively. The

higher MSE values denote lower image quality.
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2) Signal to MSE ratio (S/mse)

To evaluate speckle noise reduction, a Signal to MSE
ratio (S/mse) is used, instead of the standard signal to

noise ratio. This is defined as below:

F(AS—E,Aé—E) (3)

£ =

\/F(As—Zs,As—Ks).F(A%—Z%,Aé—Z&)

where As and A$§ are the mean values in the region of
interest (ROI) s;; and §; , respectively. Also, AS and AS
represent the high pass filtered operation of S and §
standard

respectively, obtained with a 3x3 pixel

approximation of Laplacian operator with

[(sy,82) = XLy S16) 26y (@

The larger values of B signify the better feature
preservation ability of the reconstructed image.

Ill. EXPERIMENTAL RESULTS

A. Speckle noise reduction

Speckle noise reduction is a preprocessing step
before applying a feature extraction process. In this part
of the experiment, to validate the performance of the
studied method, various liver ultrasonic images are used,
as shown in Fig. 4. The image size is 256x256. A number
of experiments were conducted and compared with
other traditional methods, which were Median filter (7x7),
2D adaptive Wiener filter (7x7), DWT with soft
thresholding, and DWT along with Wiener filter. The
experiments reported in this section have been tested
using MATLAB 10.0 — R2010b (64 bit). All the wavelet-
based techniques used Daubechies 4 wavelet basis, with
one level of DWT and SWT decomposition. In fact, noise
is generally spread over in detailed subbands, due to the
components of highpass wavelet filters. Therefore, the
2D adaptive Wiener filter is applied only in detailed
subbands. To quantify the achieved performance in
terms of the ability of speckle noise reduction and edge
preservation, the original liver ultrasonic images are
corrupted with noise at variance 0.08. S/mse and f8 are

used to evaluate the reconstructed image quality. The

results are tabulated in Table |. As can be seen, the
studied method outperforms other methods in terms of
S/mse and .

To visually compare with all other methods, the
original kidney ultrasonic images are corrupted with noise
at variance 0.08 as shown in Fig. 5 (a). The comparatives
of various results are also shown in Fig. 5 (b)-(f). As for
the results, Fig. 5(b) and Fig. 5(c) are operated by a fixed
7x7 sized window using Median filter and Wiener filter
respectively in a special domain. The reconstructed
images are smoothed over and have artifacts around the
object. On the other hand, the combination of Wiener
filter and SWT outperforms DWT with soft thresholding
and DWT along with Wiener filter, as shown in Fig. 5(d),
(e) and (f). It can efficiently reduce noise and smooth
over the homogeneous area. In addition, it can preserve
the edge features whereby enhancing the visual

perception of the reconstructed image.

B. Feature extraction

Next experiments, the realistic noisy uterus and
cholecystitis ultrasonic images are tested, as shown in
Fig. 6(a) and Fig. 7(a), respectively. The denoised images
and enhancement results using studied method are
expressed in Fig. 6(b)-(c) and Fig. 7(b)-(c). In the feature
extraction process, Haar wavelet filter is used for feature
extraction pointed out by an ultrasonographer [23]. In
fact, gray level is important information for diagnosis and
Haar wavelet filter seemed to be able to preserve
original gray level after feature extraction. This thin edge
detected image with preserved gray level is important
information for diagnosis because gray level expresses
power of reflected signal. Consequently, the ratio of
sound velocity at tissue-tissue-interface from the gray
level can be identified, which may mean elasticity of
tissue. As a result, Fig. 6(d,e,f) and Fig. 7(d,ef) are
performed by applying Sobel operator, Canny operator,
and the proposed method, respectively, to derive the
edge feature. It can be seen that the studied method
leads to an effective method for speckle noise reduction

and yields the best result for feature extraction.
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(@

Figure 4. Liver ultrasound images

(d) (e)

Figure 5. Results of various speckle reduction
methods (a) noisy kidney ultrasound image (b)
denoised image using 2D Median filter (c) denoised
image using 2D Wiener filter (d) denoised image
using Visushink and Soft thresholding (e) denoised
image using DWT and Wiener filter (f) denoised

image using SWT and Wiener filter

(d)

Figure 6. Results of various feature extraction

methods (a) noisy uterus ultrasound image (b)
denoised image using SWT and Wiener filter (c)
enhanced image
operator (f) Studied method

(d) Sobel operator (e) Canny

TABLE | EXPERIMRNTAL RESULTS AT NOISE VARIANCES 0.08

Image Methods Mask | S/mse B
S size
Median T 17.014 | 0.0502
filtering
Wiener <7 17.047 | 0.1704
filtering
liver | Visushink - 17.613 | 0.2441
(a) with Soft
thresholding
DWT and =<7 17.375 | 0.2135
Wiener filter
SWT and <7 18.166 | 0.3089
Wiener filter
Median <7 9.7961 | 0.0504
filtering
Wiener 7 12.971 | 0.7636
filtering
liver | Visushink - 12.799 | 0.6505
(b) | with Soft
thresholding
DWT and <7 13.505 | 0.7117
Wiener filter
SWT and <7 14.113 | 0.7801
Wiener filter
Median 7 15.076 | 0.2351
filtering
Wiener 7 15.482 | 0.3650
filtering
liver | Visushink - 14.991 | 0.3205
(@) with Soft
thresholding
DWT and <7 15918 | 0.3356
Wiener filter
SWT and X7 16.868 | 0.4359
Wiener filter




Research Journal-Rajamangala University of Technology Thanyaburi, ISSN 1686-8420, Vol 15, Issue 1, 2016 69

(a) (b) (©)

@ (@)

Figure 7. Results of various feature extraction methods

(a) noisy cholecystitis ultrasound image
(b) denoised image using SWT and Wiener filter
(c) enhanced image (d) Sobel operator

(e) Canny operator (f) Studied method

IV. CONCLUSION

In this research, the main aim is to study and compare
the different methods of speckle noise suppression and
feature extraction in ultrasonic images. For speckle noise
reduction, the studied method uses SWT to transform a
logarithmic image and then applies an adaptive Wiener
filter only in each detail subband. The advantage of
multiresolution analysis using SWT for speckle noise
reduction is that it can reduce noise while preserving the
feature structure of the reconstructed image. From the
results, the combination of the SWT and adaptive Wiener
filter has  better

performances, compared with existing methods. For

quantitative  and  qualitative

feature extraction process, the denoised image is
enhanced by histogram equalization. Haar wavelet filter
is used for feature extraction. From the results, the
studied method compared with Sobel operator and
Canny operator can be detected well-localized and thin
edges. Therefore, the studied method leads to a practical
reduction and feature

method for speckle noise

extraction in ultrasonic images.
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