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Since SPECT images performed by using a gamma camera to detect the
gamma ray that is emitted from radionuclide in a patient. Generally, the point
source from gamma ray tends to be blurred and causes that the exact edges of
the organs are faded as Point Spread Function (PSF). Therefore, the organ’s

delineation in SPECT images is more difficult than other modality images

To calculate the volume of the object from the SPECT images were
calculated from the area of the object in each image multiplied by the thickness.
There may be inter-observer variation in identification of stomach border

which cause the uncertainty of the measurement.

To delineate the edge of the object in SPECT images, this research
uses geometric phantoms which there actual volumes can be calculated to verify

the hypothesis.

This research proposes a method to delineate the border of objects in
SPECT images, automatic and semi-automatic segmentation, that requires the

expert to define the start and the end of the stomach in the images.

It can be concluded from this research that the actual boundary in
SPECT image should be at the pixels that contain the maximum detected-

radiopharmaceutical counts around the blurred boundary areas.
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lsalnsous wazlsauzise Wusu


http://en.wikipedia.org/wiki/Gastric_mucosa

SUT 2. 3 1A3es SPECT
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| Computer I

Gamma Camera

L4444 s

Radiopharmaceutical injection

SU7 2. 4 nénnmsviaues SPECT

[Vim: http://www.nupecc.org/iai2001/report/B22.pdf]

v o a aa = Aa o o Y o Y] °
3QﬁLLﬂNNWLﬂWQWﬂﬂW§VIU'§Lﬂaﬂawuwaﬂﬂqu%{ﬂ LLa8‘1J3U1‘ViﬂauqaﬂW’Js‘wmx‘]’mmlmEJ

n1sUaeslnnousonyt Sedwnuirluivseglniuazuia lidesuuluauuliiivae

v

AUNUWILYEN LazlAAaUNAIgANNLEYILAY druasindysediduansianizianzaese

a o [

9iu1e lngiiansialiaggniinaainmigansiudunsedniivsunadesuinuasziasedin (Half-
life) due) Woansiilulusneagluazanegluaipizidumgdoansiue) waglnssdngauiu
Walbesianigeenun ibaunsavavenUunaesasiiingeTestunsetduiniedlauay

MAAN NI
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[ '
A ]

asaudunmdnuindlaeisnisengg wadaiugiuideniunldlunisadisninanlusiondy
Wslwid Ao 33 Backprojection dudundnmsadenindauneildiuily Tnenisihaiiuie
(count) wesusaginwatiedluuofisrtunasioainfuiiiafsdunsniu Semadnsdlde
Wuaiutasin 158n71 ray sum vt aenAtiu s llunurndulusiutadud
uRaziniya %a%ﬁﬂﬁﬁmmmﬁuqLﬂwﬁ’uwmmaamm Mntuheildanusazesan
sauffuagdlildnwimidlimdowdy Tnservasidia artifact Tu Ssdinisnsesdeyaluusia
ray sum fey fedansnendinemans wdsaniusiunsh backprojection a5

136111 Filtered backprojection

2.1.3 M3UsEIananmAlva (Digital Image Processing)

= Ay v a a a1 w o v ° '
W9991NANALANN9N SPECT  Ti5188Ldunua9n1niludniay 39A9981u161Y
NszUINNISUSEIRaRaNIN tevislun1snsiaitadelsansevinliiueTorsNauladmauiy

[

ausniilalaglaisnisenesasil

2.1.3.1 msUsumnudsgun 19 (Contrast Enhancement)

msUsuUganmdunisusuussanudurestayanin lnenisdadeyanin

1 [y I

(Contrast stretching) WWedaviAumn1znguiueglugisanuduiay 9 Winszae
v X I 9 Aa v o a va v a s Y

pann119vu unalilaninnlinutuady Tlunauisvainauiiamnesazasng

AITNABUAIMTENTINUTULTIBU (Lookup table: LUT) LauaasnIwinIunsiiy

WaPEA LA

2.1.3.2 mysuvsaruninlaglymvauys (Thresholding)

ad v dy v ada =~ & 1 1 Y 1A 1

FBueningeenainiiundaisnilehe nswusdruninlaeldadnnys
(Thresholding) 35iidunisfiansaneuduLaIuuganIn auaunisy (2.1) log T
Juardawus(Threshold) wag  (x,y) Dudundsuunin e f(x,y) > T n3

° | Y% 2 a v o I =
Muuamdaulaindedldgalaunsuuseneumsiansandeiegalugin 2.5



1; if f(x,y)>T

9(xy) = {0 : otherwise (2.1)

pl)
A

JUN 2. 5 Balaunsuveanin

2.1.3.3 Otsu Method

Otsu Method ABLNALANISUIANYALUY (Threshold) WBLUSEIUNINAY

Y | ° | aa NS 2
Aanududlagldaulasuniesdnnu ddunsums
1. %1 histogram Y9N

2. AmuadnuIungy (Class)  wazn Threshold MdIWvUes199 aruwny x 1y

histogram
3. menuwlsusunmelunguainaunis (nsal 2 nay)
o2 (t) = wi(t)oi(t) + wy(t)oa(t)
wil) = WO\ 240/ (2.2)

g W fe anuiezifulumswuandnveangy

2 =l a 1

0" Ao ANuLUTUTINYesENnBnlungy

4. nauldvinte 2 AuATUNNAIUNLYDY X

5. Amauiileme Threshold Aivilviaduuwdsusiunielunguainan e Otsu 1
figaulidnismanuudsusiunislunguenga Sanvindunismauwysusiu

FEMINNGUGIER
2.1.3.4 791719878 (Projection profile)

WaedRIUU NG LA VBITUNTITU UL AetiuavesingAad I

PN MNBYIULITARINAULNUEB Y I IAlAgnIAINETINYBIATERULNIT DY

Y

D.

Tuuuadsaniuunugedddusazyesiu mmanisaieduniswan soyavesnn



10

~ & 1 a ' I Ny A o oA < v av @

Tusglevilogneds aglsimunimanisaneiveideduliesnandutoyailuidy
LLASNEAIYBININ ANLINNIINTIATNDILAINIINITRNYTNLDUAY AIRIBEI1ININ
WINTAVBININANBAIFIUABY (Binary image) uansluguil 2.6 lnefigan1ndand

AWAU 1 uagganindvdawviniu 0 [10]

(M) NNENWYaIFIUEDS () AINRINITANALUIUDUY

(M) NINLIINITANYAIULUIAY

'gﬂﬁ 2. 6 mwﬁq@ﬂ'wmwmmaffmmmmwmwﬁﬂmigmmm (n) mwzﬁ“ﬂmigm
A94 (T) NIWWINITRIEATNBUIUAY (A) NINNINITRIEFNTN B
AMMLWINITRIEANNEUIUBY HIi] WATWUIAI V] Guaﬂmwé’ﬂmig’mam

AMNUALALANNIST 2.3 hay 2.4 ANUaIeU

HIil= Y Bli. 23

VLil=Y i, il 2.4
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loe?l B Junmdnvalgivaesdsdianuniiawindu m gann uwasiiaiugs

Winiu N A0

2.1.3.5 Bresenham’s Line Algorithm

Bresenham’s Line algorithm 1Jusanesiudmsunisnmdunsalaely

nannsasaswlsinaula 135n1sAwIusIsalul

—_

Input 99 2 YdmsunITIaLEURSe Ao (X, Yo) 1ugaisudu waz (X, Yy)

(2

Jugedugawaziiu (X, Yy) Widmsuaunu
plot (Xo, Yp) 1ugausn

AUl dx,dy, 2dx, 2dy, 2dy — 2dx lae# dx = x,, — X,
dy = yn, — Vo (M Aedmunianiaisan) daansuaudinsunisdndulaly

miﬁﬂmmmqmﬁ% olot sgld il Py = 2dy — dx
flustay X, naeodu Suiik = 0
if P <O then
selufias plot e (X + 1,Y)) uaz Py + 1 = Py + 2dy
Else
wseluilay plot Ao (X, +1,Y, + 1)
wag P, +1 = P, + 2dy — 2dx

e da 3,4 Wuduiu dx a3

2.1.3.6 MIUTZNIANBNIMAUIYTNUAZIATITINYBININ  (Morphological Image

Processing)

Morphological Image Processing lun1sussananan mlagnisivasuulas

anuaegUTImselasiasaveanin laweistuiiugiulaeiilulaun n1s Dilation
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wag Erosion lag? Dilation agvliinn1siitduIugann (pixel) auveuvesing
lun1m @ Erosion A8y MIaUnIeananNIMAINTaUYRLIngeen 11N Erosion

wagyisomae Dilation awi3endn Opening Aevhnisliingidntugniidneenty

o v v

LazITLENINgTNRaiuMELdUUI9e8NAINAY 113911 Opening Sikalingiveu

q

SeuTu wadnsaylangnivunamingy

winyi Dilation wagvisiadae Erosion agi3endn Closing 34én & A9 9 7iog

Y
vuingiuazgnifuiiuianun vinldingiieglndfuuinazgnideusaiu n1svi

Closing Hxaviliingilveuiseudu nadwsnlaingasivunavingy

% A Wuwennn way B 1u set TuZ (binary image) 1380 B 31 “the

structuring element”

Dilation ¥89 A M8 B az13gudydnuwalilu

A+B={x|(B),nA= I} (2.5)
Erosion 984 A e B auifleudyanwaidu

A-B={x|(B), c A} (2.6)

av aad v

2.2 7U8NLNYIVBDY

'
1 =

Tudetlaznans 386199 NlglunsintarUssliunan1InauaunInIsIe18@Ive

ATLNNLDIMTNRISUUTENIUDINNST LAZINUAFLTLNYITBINUNITHUIAIUNTNNIINITUINE

2.2.1 MTINLasUIEUNANIINBUAUDINITVYIYAIVDINTELNIZDINITUAISUUTENIUDIAIS

<

nsiameuilsaunnlunseinizeng (Gastric barostat) faiduisunsgiudmsu
N13IANITVYIYAIVDINTELNIEDIUITNAITUUTENIUDIUNT[12] uanmnﬁfé’ﬁi%ﬁuq il
NSANBIIUTUINTVOINTZINIZDITIALA A1TATIVAIVITNIVAIERTTIATY TUUUHIU
Single photon emission computed tomography(SPECT), n158ans19120N 199897194

(Transabdominal ultrasound), nsas1eaIndIgaususwanlain (Magnetic resonance
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ad

imaging (MRI)), N3Auaunszvis3d@ndu (Satiation drinking tests) usiu Jusazizidofuay

Jon08wANANINUAIT18azLDunRD UL

1) MIANANITABUANBINITVLILAIVDINTLNIZD N TNAITUUTEN U IMTAIEUN

Lsaunmlunszinizamns (Gastric barostat)

p:JL%’w%’Umimaﬁmw'faqﬂﬁuuaaquﬁﬁwmmﬂiwﬁwﬁﬁu (Polyethylene balloon) 344l
ANasatunsveliauiaUTiasgeaaUsEann 1000 A 1200 gnuiAnwudunsluly
peffiuTianidin Fundus wesnsemizewns  veaguiasivieldeusetuulsaunn veaguil
gYe1auiuiing 30 gnuiAdisuRlunsviiesunseianunsiUdsuutasmunismela
vingANIUagUeguuUIafunTiiueInszimzo LA MIlAdeUlmYeINTE AN AL
FufiaptiazFeniaruduiidesfigaiivinlvivengls (Minimal distending pressure, MDP) U1
lsaunnazinliveagueguuuliniuniiaveinseimizemis wazUasslilsuinsveiueagu

Waguwladlaeanuduluueaguiliipif F9a1unsaindsuinsvesvsaguiuasuliiile

ﬂ’J’]ﬂJﬁUﬂ’]EﬂﬂUaaQuLﬂaEJ‘LJLL‘U@W]’]&Iﬂ'ﬁ‘VTng’JLLﬁ%ﬂﬁ’]EJ(;]J’JSUE’NﬂigLW’]%EJWWﬁ

2)  MTIANANITARUAUBINITVYIEFAIVDINTLNIZDIMNTNAITUUTENIUDIMITAY
[ U v A & a a s . . .
a1sfuiunsedlulivmanstiamaes Single  photon  emission  computed

tomography (SPECT)

Y v

v [ a o o a 99 v Y oA °
E\IJLGU'ﬁ‘Uﬂ"Ii@]TJQﬂ%lﬂiﬂﬂqﬁﬂﬂa'ﬁl,ﬂﬁsﬁﬁﬂa mTc—pertechnetate LU NLEULEBDAAN

o
Y

U3u1au 10-20 millicurie (mCi) Ingigagidaynssinizens (M9 Parietal cell waz Mucous

o Y oo 99m a Y ft o X O v Y
cell) vimiiduans  Tc-pertechnetate annszualaiinidngiwanduinunindaiiuly

1%
=

yosnsngo M Twagiimauandsiuthdduussinalasiuegiumununvieiuiia,
ﬁuau?jaqﬂﬁmwwaflms dlold SPECT imaging wavad1snmdunmgnuing (Transaxial
images) Y83nsTLNEaMNsLERa sl lUsunsIAYIAIUSINASTRINTTINZ NS LTS
noULaERaIsUUTEN UM lngldAnan19MsodndIuYeIUSNINTUDINTLLNIZINTNOU
LaLUAISUUTEN U MS T UMLEAITNN1TY818HIBINTLNLE NSRRI UUTENIUBIANT
Fregalusunsuiildmuauiung fe Image J %auamé‘ffsaéwmi’bﬁ’ﬁqgﬂﬁ 2.7 Taedl A

(M) WA AINFRTYINAINNTENIZDIMNTAIUAU(FUNdUs) 3HAINLNVIIA TUSruansves
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NsENEMsdIuUane (Antrum w38 Pylorus) Beagiiyudneun Ushiungnasife a1sinde
Sadnuanen1svinuvesln F99rgnaueanieunIsMUAAITALUL IBMIVBULYAYBY
NTZINZOIMIT AN (V) wanan1sIalusuATH Image J Tunsmuuaalinuus feg1sveiddln

WASY Az voxels Nlaanumazalasn

e
B
e
Lo
L

J.i [»] 1o ".'
1 m 170 9
Red | 3]
[ Auto [ Apply J[ Resst [ Set |}

L
K1)
E

4
&
4

(V)
Ut 2. 7 foegensTilusunsy Image J Tumsiisesitiinasnsemnzo1vns [30]
3)  MTIANANITROUANBINITVYIYMIVBINTENIEDIMTUAITUUTEN UM TANY
ME8an319199 (Transabdominal ultrasound)

1%
Y

A15ATINLDANTIT1INANIEBINA (2D ultrasound) waza udi@ (3D ultrasound)
ANNSUNITATINYDANTIVIIABUUADINR  AININNDANIIFIIAAAINATIAAINUNVD
NILLNNZD1I59IN 2 58UV AD Sagittal plane WOATUIUATNUNVDINTELNIZDIMNTAIUAL

[

(Proximal gastric area(PGA)) ¢ia3U 2.8(n) uagyyu Transducer 90 aaraanduuiny
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Obligue frontal plane WAWINTIAEUNIAUEINA1VDINTENIEBINTEIUAU(Proximal
gastric diameter(PGD)) 935U 2.8(1) TngfiFUszanavesUiinsvesnsemnze s Iudy
(Proximal gastric volume(PGV)) azwiniu PGA x PGD @enisilSeuiisud3unsves
NTELNIZDIMITAIUAU ADULAZUAITUUTETNIUDIMITITUAAIDINITADUAUDIVOINT TLNIE

2NMNTAEN9D DU

Diaphvagma

(v)

Left hemidiaphragm

Ul 2. 8 nmmthdinvesdansieasfilduszanurvesUinnsvenssnIze N Ta LY
A (n) wansmsiafiufivenssnzomsaIudu A (1) wanaNsInLdunAugna1aves
NILLNNZIMNTEIUAU [12]

dUN159519Mesans19RaNii wuseenidu 2 szuu Ae Mechanical system

ey Magneto-based system

3¥UU Mechanical acquisition system ldnalnuSuTransducer vinyu 90 83m1 qu
amaeadfndinsasenmluaulia widedevesszuull fie e1sazlinsounqunsziniy

DWNTUUIA LAY
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J¥UU Magneto-based system I%Jaqﬂﬂiﬁfl magnetometer-based position and
orientation measurement (POM) device #afiU scanner #95zUUTALEMTAAUAIN

NIELNILDNS LANITUA

4) MSIANANISABUAUBINITVIIYAIVDINTLENILDIMNSNAISUUTENIUBINT MY

nsasnennmeauuLwanividin (Magnetic resonance imaging (MRI)

Y 4

Q’Lmiumsmwmaq%’uﬂssmummiﬁwau Gadolinium tetra-azacyclodode- cane
tetra-acetic acid Lﬁlablﬁi’fl,‘ﬁu MRI' marker amﬁ?uﬁwmnﬁumwu%nmmzwamms
Tneviluagld Spin Echo Tl-weighted sequence dioadanmaufifveinseinizams
L.Lazmmsaﬁﬂﬂﬁ’]mmﬂ%mmsumﬂim‘wwmmiﬁquauLLawé’a%’wszmummﬂﬁlﬁa@
NISVYIBAIVDINTELNIZDIMITNAISUUTENIUBINNT LAEAIUIAINEAEIUVDIUSUIATUD
nIzIza NI IazABuTUUTENLe T FenanTlaFsgUT 2.9 uanan IR

N3EMNE0IMNSIN MRI viddldenmsiviad 500 gnuiAfiwufwns Wild 15 unil

gﬂﬁ 2.9 MNFRYINVBINTLNILBIMTIN MRI nadldomnsivad 500 gnuiAnauRilng
WU 15 Wl [2]
5) MTIANANITABUANDINISVYIYHIVBINTLLINILDIMITHNAISUUTENIUDINIT MY
miﬁmuﬂizﬁ"ﬁﬁﬂﬁm (Satiation drinking test)

[y

ensheldemsmanldludnines 2 dudeiaIestuludnst 1530 gauiad

Y o 14

WURLIAS AauT id15UN13953RERResulsEN N I SR ludns AT W warU sy

AuANdunNe 5wt Iagld Visual analogue scale Fawuadu 0-5 (1 Aavsuidn, 5 Aeddn
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'
Y o o Y

duINTIEA) USunaunaanu (Keal) 7iEldnsun1snsiasudseniuaunseiaidnduunniianay

PUNBDRIVUINVDY Gastric accommodation

AN IANANNSNBUAUDINITVYIYFIVBINTELNIEDIMTUAISUUTENI UM hABEITH

'
a1

JoPaz IR 8NANNUAILEAILUANSIN 1 kA 2 A lUl

A5197 2. 1 WAAIUDA DEUDIIDNITIANANITNDUAUBINITVYIEFIVBINTELINIZDINANT

NAIFUUTENIUD I TAIBITAN

az Gastric Transabdominal Satiation
AENISANEN SPECT Jtansabdomina MRl

v_w
1Moy barostat ulbasound drinking tests

LBy ildArenuliauissneimsdn .

2 dannu .

3 launsald@nwnAuanmsudald .

4 fumsiaanufiimenssmnzansldléidn

URAsweansEnz eI AT

5 dannndafidlunisnsn .

o YT = o v
s.nfasfiadiliannsaddalileeily . .

7 fadldtszauniscigduntinia .

s 9w e o & aw
gynlfisnlunydifdieiiingviadfielunssins

amsinnnieanadmyvadwansegnmala

9.57A7g4 .

R = T va
10.11.1.H’]'11H~1ﬁ1m\?’]ﬁ%‘1'1 Luaqmmﬂuﬂ'mgﬁnw

& pae a w
Fuogiuigiy
) )

A519% 2. 2 LEARIUEAURIIDNITIANANITNDUAUBINITVLIEAIVBINTELNIL DI TUA

SUUTENIUDIMTAIITANN

. ARnsANEI Gastic barostat SPECT Transabdominal MRl Satiation
1an ultrasound drinking tests

LA S unasnuiaddutiagiy .

2 ausadnrufiaiuasnseaiedives

nyzwizansla *

3 Laifinn<1494d . . ™ ™

a1 v kisna . . . .

5 fATuRsTluns Tnd .

68111509 Gastric accommodation

Wag gasiricemptying wiouiuld * ¢

7 fnnsldesaunsvans ° °

B3RN0 . . .

9 nudeuazBungs .

1051 lAde N
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2.2.2 N8N UNNSLUAIUATNNIINITHNNE

35N15 I UNITHUIAIUATINN AT LANNGTNITWAIUINIDENUINUN Y hedIAITiAIY

o

Uounazlunundiliduganszisnsisuiionalianunsailuldiuamydnduld dsiu

Y]

s dunundnssodinisdnyideneuaudslagiu
U ! aa ! 1 dl Y Ca ¥ 1
MegeIsn1sulsdunmldivaunenisuimg lawn

Bezdek wazAmdy [15] Hn1suuslseanisnisuusdiunImess MRI lnsuUsznauly
P75 Unsupervised wag 35 Supervised F933 Unsupervised Huisnnsiildnadnsvesnis
g fiuuauninms1ens Supervised w5133 Supervised unszurumsiigasnisende
NMSuNINUesvesldnaannisvinauy wdtantiu Clarke uazanz[16] AldSoudisudenves

ASIYUTENINITT9ED9

Kontos wagmuy [21] lafin1siauiasesdiodmsunisimsizsininain SPECT 719
WUUAEALUTRLazLUUSALULR d11Suluun1sinnleiio wagnednludfldid Intensity

based thresholding @auluUdnlusRlALINISIEWED Fuzzy-connectedness Lag1nion1s

=

#1199 WUsEeNATUNIMNNTVEIEAIVBINTEINTY (Gastric  accommodation)  LBAILIN
USunsvaanseinig uazasisgeuteyalagtiniuTeuiguiunaainn1sinanngdiyedIvisy

TngwuudnludfaglananianulnalAeanu Ground truth YINNILUUNIDALUIRA

1%

Yang uavAne [37] t@ueidni1sividisend Charged contour model Fafiiugiuun
d' dll r.:l' ¥ v 6 .
31NN VA ULUAIB98YN1AVRIUTEILALNITATOUN VB IEUABUTIIS LU geometric 1ng

Wnldiunn SPECT wiveguidlaviesansde

o

Wang wag Yan [38] Wauiddmsuiaszvivsenaalassestaniilaainain

aa

SPECT #2875 Active contours kuUU 3 3

Hosntalab wazAmy [31] Wawn3slun1siusdaunn SPECT saeisenludd lasldda
ne37iu Variational level set 30 Region-based active contour model Lﬁlaaﬁuausuaaﬁ’ﬂﬁ]
Hosanede Tunsuusnidiunisrh Adaptive thresholding Tngld Otsu’s ilemeArdaudves
AN 4a1udg1U (Morphological operation) Tagn15vin Thinning Fatumeusana
HragtuviiiolfiugaEusi (nitial curves) Tun1s9i Variational level set twafilsan

WIgUEUNUNITINAR LD
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YUNDUALITNITANRUIIUIYY

o aa

dl' 1 d' % < v v a d' 1 U

991N AMaNeAlAR1N SPECT 1 Hun15inSadunuunfiueoanunaInas.ndusadn
o U [ d'?/ aa [ =3 YU 1 [ d'
FJumegivedeizndesnsidedy wduladiieganmnsslnem1saIn SPECT Aagud
3.1 AN AbAIANlUYRL AUl AgL AN USLIUDIVBUNTELNILBIMIS LUATN V9T
Woananaumgvang 2 Usen1s Ao N13aNTEA18veeasndYsednagannnisaienIn
SPECT #99l00a1ununea@ums (Uszunad 10 U) nSesnee1nisinisaduiiannnisiuse

$30v19UNaaANaT Ylinmnlagadiveulddaiauniniu

Tumsdunniinasvesingainganim SPECT #arnnisduamainiuiivestngly
LAREAINAMUAIEAITUNUY wiilosaneulddmauvesveuresnsemnzermslunin SPECT
Fanandnedu dlsilentaiiuinialaionianainpaoy esainnsimunveuves
NSEMNZRIMISAAIALAADY Fatuudseisddduuusiasmsasviadaitaiuisafiui
Umsiuiasls iemsumiaiiluveuvesingitgndeslunin SPECT wazldndnnnsnis

WYLV INYNWTelunIN SPECT wieldlunismaauiuniasawwensenizenmssdely

ada v

mATediaueisniamusinsvesiaglunin SPECT 2 33 Aedsdnlutfuasis
AasnlusiRisodligldhmunnmdufuiazamaugnuesnssmnzomslugaam esanly
yanw SPECT ludesiosvesuyudiiotoazdug fusnmionnnszmzemsinundie 1y
lawazanld shlwissnludaauelilsudnuilildnszsimngemnsaaunie silnliusines

PRANAINARNLAZDU
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E‘Uﬁ 3.1 U’JE)EJN“Q@JY]WﬂiSL‘W’]zE]’]‘IMTQWﬂ SPECT
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3.1 A5n15%1USUIN5VRTUAAIUNIN SPECT WuUUdn LUl

[
[

JUABUNTUIUSUIASIUAIN SPECT huuUsnluid tansuInUSu1nsaakuuingad

f9unBUA1Y AB Preprocessing MIMIALMUIveElanL3ULaZAUAATBYING N1IUIUTINT

| v
2 ] v

aulaluusiazalad uaztumaunIswusdIuNIWIng AIFUN 3.2 Aadl

Y

Contrast stretching

Gaussian filter

Pre-processing
ﬁBresenham’s algorithm Liie
/mmau Otsu 310 3 \ mAumindunNAgUINaT
slices asanany : | wnaludaweuresgy \um peak

v‘ : way wanae peak lugy
vy luund »
TneldAn Otsu 10u Threshold ‘

TR . 19 Morphology Closing iieitiau
Plot ns M ixwﬂaamuwuaaalam - P

g ; vouiivameluluuaiion
ffu 31 pixel voringlunm

Welnsmidladiduuazey
o . Segmentation
wiiumisaladizunazay — /

Projection profile + safety

factor fuaz 5%

w1 ROI vosusazalan

JUT 3. 2 YuneuveInTindsunsveanuudiaadluyanm SPECT uuusnlulia

& < :
YUNBUN 1 Pre-processing

(% '
U a

TURBUHUSUAUIINNTUIYANMTALAAINNTTE18A8 SPECT  1nUTuauiUSausg
~ v ~ = Ao X ° . a o 1o
Yo linmilseazideandaaudu lnen1svin Contrast stretching WiguiuA1sgn

o

LagANENAAYRINIYANTI LarMdndayaausuniuniglunmme Gaussian filter

Tunauil 2 Mstvuedlansudulazaladaniieuadeuuinans

¥

lngUnfuan 1 ganmiidnesie SPECT Usenausmevatedlan deluwsavaladenad

1 v a

= PN Y oA v & g S @ a A o s
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3.3 N159AKALUSSIRUNATUADUAITNITUIUSUINT AW SPECT

nsanatazUszliunadIsnIsIUSIeslunn SPECT Tusuddedazuiadu 2 wuu
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Ysumsiaruaulaannnismeaeninadntnedy aggniiuiiisuiudiuinsues
LUUI1ADINNTIUAT LianIALUSISUAINEANAR (Percent  error)  R1NN1SAIUIE
S o ° a A o 9 v ~ )
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USUIMTVRILUUTIADINNT VAN AU ST UAINLRANAIAIINNITATLIN TASAILIUIN
AUnN15 3.1 9198791
ARl - AND59 (3.1)

Wesidupuianan = = * 100
A9

3.3.2 MINaLasUsEIUNaISNISUIUSUINTIUAIN SPECT huun9onlulf

USunsiduinlaannnisneasadenaitiediy asgninuiiieuivusuinsilan
msunndiidernalagldlusunsy Image) AlH0u Ground Truth wansmawSeuiieudae
A1add 3 e e AAdala (Sensitivity) A1AINANNIE (Specificity) WagANgNABa

aunns 3.2 89 3.4 sigluil

Sensitivit True Positive 100 (3.2)
ensitivity = * '
Y= True Positive + False Negative

Specificit True Negative 100 (3.3)
= * :
pectficity False Positive + True Negative
True Positive + True negetive (3.4)
Accuracy = * 100 :

All
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Taofl  True Positive fie dmnugannaglunszimnzemsinssiu Ground Truth
True Negative Ao §1LIUTANNA1BUBNNTEINNEDINSTIATATU Ground Truth
Fasle Positive fio S1unuganmiinelunszimnzannsitliingsiu Ground Truth
False Negativefla $117U30n1Wn18u8nNnsEinze1msilsingsiu Ground Truth

All A8 True Positive + True Negative + False Positive + False Negative
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HuURIARN Calculated Calculated
3 calculated Error (%) error calculated Error (%) error
(em’) volume (ml) volume (ml)
volume (ml) (%) volume (ml) (%)
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10*10*10 0.28 1382.33 38.21
2 999.17 997.64 0.08 1371 37.07
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Ground Truth @4l 1 YANNYBINTENEUAREATIIIUILAINYAIENIN F98NAI0E19YANN
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wmilagaieuandliiuduiing196innee 4.2
FFnsAunUsunsile

USnsianuaflaannid Semi-auto segmentation

U3u1915 = FIUNNLYA X VUIARALYA X ANUNUIVDILFAZE LA

14257 x (2.8 x 2.8) x (2.8 x 10°) Nadans
= 312.97 1agdang
USunasmavuaiilaann Ground Truth

Y3195 FIUNNLYA X VUIARALYA X ANUNUIVDILFaZELan

20726 x (2.8 x 2.8) x (2.8 x 107) Nadans

454.98 Hadans
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Semi-auto segmentation

Puinwa = 0

fuNNwa =118

FUNNEa =172

FuuNNwa =331

Ground Truth

PUNnEwa = 2

FuURNEa =100

FuUNNa =184

NN =338

33

[y

U



dladi

AIWIN SPECT

Semi-auto segmentation

FIUNNa =279

FuNNEa =359

Puunnwe =439

uUNNwa =487

Ground Truth

FuUNNEa =476

TN =594

UG =681

NN =765
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Semi-auto segmentation

FuUNNa =548

FuNNEa =580

FUNNRa =603

uUNNEa =616

Ground Truth

DN =834

NN =888

FuUNNEa =935

RN =980
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Semi-auto segmentation

NN =630

FuUNNwa =541

FIUNNRE =539

uIUNNa =483

Ground Truth

FuuNnea =1022

duuinega =1079

uuinwa =1121

NN =1148
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Semi-auto segmentation

fuuNnwa =815

FuuRNwa =519

PN =562

FIUNNEa =734

Ground Truth

DuuNnea =1227

Fuuinea =1231

Punwa =1215

NN =1164
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Semi-auto segmentation

FIUNNwa =725

fuuNnwa =713

Puuine =725

FIIUNNwa =645

Ground Truth

Fuuinea =1104

FuNNEa =991

Puine =854

FuNNEa =706
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Semi-auto segmentation

NN =799

TN =592

PuunNe =216

FuNNwa =297

Ground Truth
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FuuNNEa =130
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U311%5910 Ground truth = 454.98 ml.

Percent error = -24.53%
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UTUIMI91n75 Semi-auto segmentation = 176.45 ml.
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Percent error = 83.38%
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U3u1%597n Ground truth = 143.28 mL.

Percent error = 42.92%
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UTUIMI91nT5 Semi-auto segmentation = 176.45 ml.
U311%53911 Ground truth = 96.22 ml.

Percent error = 83.38%
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USUIMT9INID Semi-auto segmentation = 296.42 ml.
U3u1%5970 Ground truth = 495.65 mL.

Percent error = -40.19%
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UTUIMT91nT5 Semi-auto segmentation = 252.27 ml.
U311%53910 Ground truth = 290.36 ml.

Percent error = -13.12%
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UTUIM391n75 Semi-auto segmentation = 132.88 ml.
U311m5910 Ground truth = 74.29 ml

Percent error = 78.86%
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Percent error = -31.36%
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U3UIM59IN38 Semi-auto segmentation = 142.07 ml.

J311%591n Ground truth = 80.542 mL.

Percent error = 76.39%
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UTUINT91nT5 Semi-auto segmentation =328.6 ml.

J317%5910 Ground truth = 358.67 mLl.

Percent error =-8.38%



64

JUN n-13 Wiguiiguaveynalanvesynn na g SPECTUBINTENZIMNTVBIYAN NN 13

YANNN 13

800

600
g A l’\-\ ,’\
& 400 I\ 2ol it \ A
a v V \ ¢ N
g v \ P -« S
. 2 N ?
\
0 -l
1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 31 33 35

=
dland

- == = Semi-auto segmentation

(pixel)

e Ground Truth (pixel)

USUInNT91n38 Semi-auto segmentation = 216 ml.
U3U1%597n Ground truth = 86.3 ml.

Percent error =150.28%
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Percent error =382.1%
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UTUIMT91nTB Semi-auto segmentation = 161 ml
U3U1%597n Ground truth = 42.4 ml.

Percent error = 279.72%
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USUINTA1nTB Semi-auto segmentation =180.7 ml.
USUM591n Ground truth = 75.4 ml.

Percent error =139.65%
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USUInT91n75 Semi-auto segmentation =307.8 ml.
U3u1%5970 Ground truth = 74.2 ml.

Percent error = 314.82%
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USUINT91nT5 Semi-auto segmentation =286.2 ml.

Y31m591n Ground truth = 106.6 mLl.

Percent error = 168.48%
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USUINTA1nTB Semi-auto segmentation =160.3 ml.

Y31%591n Ground truth = 215.4 ml.

Percent error = -25.58%
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UTUIM991nT5 Semi-auto segmentation =366.2 ml.

J31%591n Ground truth = 467.6 mL

Percent error = -21.68%
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USUIMTAINID Semi-auto segmentation =479.3 ml.

J317%591n Ground truth = 482.8 ml

Percent error = -0.72%
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UTUIR991n75 Semi-auto segmentation =127.3 ml.
U311%5910 Ground truth = 92.4 ml.

Percent error = 37.77%
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UTUIRNT91nT5 Semi-auto segmentation =339.4 ml.
U311%53910 Ground truth = 409.1 ml.

Percent error = -17.04%
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US1UIMT9INID Semi-auto segmentation =281.6 ml.
U3u1%597n Ground truth = 380.5 ml.

Percent error = -25.99%
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USUINTAINTB Semi-auto segmentation =260.9 ml.
U311m5910 Ground truth = 341.2 ml.

Percent error = -23.53%
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Percent error = -27.81%
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USUInT91n78 Semi-auto segmentation =150.5 ml.
U311m5910 Ground truth = 74.4 ml.

Percent error = 102.28%
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UTUIMNT91n75 Semi-auto segmentation =681.8 ml.
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Abstract— ldentifying the border of a human’s organ in
medical images, especially in SPECT (Single Photon Emission
Tomography) images, is a very difficult task due to the high
diffusion of radiopharmaceuticals around the boundaries. Many
segmentation techniques have been proposed to segment and find
the volume of internal organ from SPECT images. Results are
usually compared with those from manual segmentation by
experts. Nevertheless, experts’ manual segmentation results can
easily be inaccurate because of the scattered boundaries in the
SPECT images.

This paper proposes a segmentation method to get close-to-
actual boundaries in SPECT images. Geometric-shape phantoms
are used for verifying the close-to-actual edges via volume
calculations. Results from the proposed method are compared
with those from manual segmentation method.

s SPECT vol

Keywords— SPECT images; ph s digital
image processing;

I. INTRODUCTION

A volume of a human’s internal organ is a necessary factor
in many medical treatments. However, identifying the border
of a human’s organ in medical images, especially in SPECT
(Single Photon Emission Tomography) images, is very
difficult due to high diffusion of radiopharmaceuticals around
the edges.

SPECT is one of many imaging modalities in nuclear
medical imaging. It is widely used in diagnosing physiological
properties of human body such as tumor scan, brain scan, and
thyroid scan. SPECT images are performed by using a gamma
camera to detect the gamma ray that is emitted from
radionuclide in a patient, normally through injection into the
patient’s bloodstream. Radiopharmaceuticals work as tracers
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and provide information of the internal organ. Generally, the
point source from gamma ray tends to be blurred and causes
that the exact edges of the organs are faded as Point Spread
Function (PSF). Therefore, the organ’s delineation in SPECT
images is more difficult than other modality images. Multiple
2-D images from multiple/various angles are reconstructed to
provide 3-D information as cross sectional slices. Figure 1
illustrates a gastrointestinal (GI) image via SPECT. It can be
seen that edges are very blurred and it is hard to identify the
real edges. Figure 2 shown MRI and X-ray images for
comparison.

Fig. 1 An example of GI image via SPECT

Fig. 2 Edges in other modality images, i.c. MRI and X-ray



In many practices, two software systems are widely used
as a tool for medical image analysis. They are ‘/mageJ’
(Image processing and analysis in Java) software [1]. which is
developed by NIH (National Institutes of Health), and
‘Analyze’ [2], which is developed by BIR (Biomedical
Imaging Resource) at Mayo clinic. One example is that
gastrointestinal specialists at King Chulalongkorn Memorial
Hospital used ‘/mageJ’ semi-manually to measure gastric
accommodation in healthy human to assess the reproducibility
from SPECT images[3]. Gastric walls in selected slices were
localized by thresholding method and manual line drawing to
get a closed region, and then gastric volume was calculated
afterwards.

Since it is not possible to get the real volume of a human’s
internal organ, many researches have compared their results
with those from experts and used them as gold standard. [3-7]
Nevertheless, experts’ manual segmentation results can easily
be inaccurate because of the scattered boundaries, especially
in the SPECT images. Therefore, this paper proposes a digital
image processing method to achieve close-to-actual edges in
SPECT images. In our research, geometric-shape phantoms
are used instead of internal human’s organ in SPECT images.
It is because the calculated volumes from the result edges can
be verified with the real volumes of the phantoms. For more
completion, the results from our method are also compared
with those from an expert’s normal practice.

This paper is organized as follows: Section Il is literature
reviews about SPECT image segmentation. Section III
presents our proposed method. Section IV illustrates the
experimental results.  Finally, discussions, conclusions and
future work are presented in section V.

II. LITERATURE REVIEWS

In this section, SPECT image segmentation techniques can
be categorized as semi-automatic and automatic techniques.

Kontos et al. [4] proposed semi-automated and fully-
automated tools for SPECT image analysis of a stomach.
Image data represented the symptoms of functional dyspepsia.
The semi-automated * segmentation method used intensity
based thresholding algorithm while the fully-automated
method was performed by fuzzy-connectedness concepts. The
results were compared with those from human expert’s
manual segmentation. Detection Rate (DR) and False Positive
(FP) in equations 1 and 2 were reported to quantify the
accuracy versus manual segmentation by human expert.

’ |automated segmentation N manual segmentation| (1)
Detection Rate =

|manual segmentation|

automated segmentation — manual segmentation
g

False Positive = . ;
imanugl segmentation|

It was reported that, according to DR and FP metrics, it
seemed that the semi-automated segmentation performed
better than the fully-automated segmentation. However, the
3D image reconstruction of fully-automated results was closer

to those from expert’s manual segmentation than from the
semi-automated segmentation.

Yang et al. [6] proposed a new deformable model for
object detection based on a charged particle dynamics and
active contour propagation. The proposed method was applied
on the left ventricle of a heart in SPECT images. The results
were compared to hand-labeled as ground truth data. The
boundaries were detected based on image gradients, so the
accuracy would be decreased in the fuzzy edges images.

Wang and Yan [7] proposed an automated 3D lung
delineation method by 3D active contours. Their method is as
follows:

- Remove noise by using dual adaptive exponential

thresholding (DUET)

- Enhance edge by 3D Gaussian filter and 3D Sobel

kernels

- Delineate Contour by 3D active contour

The 3D active contour delineated the contour towards the
hotspot. Therefore, the limitation of this approach was when
the gradient difference went high; the small regions with less
prominent voxel values would be excluded and lead to the
removal of true lung tissues.

1. OUR PROPOSED METHOD

As mentioned earlier, in SPECT image acquisition process,
point source from gamma ray tends to be blurred and hence,
organ edges are faded and hard to identify. Inaccurate
segmentation results can cause errors in the human organ’s
area and/or volume calculations.

Based on our assumption, the actual organ’s boundary in
SPECT images consists of the pixels that contain the
maximum  detected-radiopharmaceuticals counts in any
specific area.  Hence, we propose to test our assumption by

using geometric-shape phantoms. It is because the phantoms’

actual volumes can be calculated and used as our gold
standard. Rectangular-shape boxes are chosen as our
phantoms.

Our proposed method starts with finding the beginning and
ending slices of a phantom in a SPECT image set and define
ROI (Region of Interest) in each image slice. Then, find rough
boundary in each slice. Starting from the center of mass of a
region of interest, find the pixels with maximum detected-
radiopharmaceuticals count in all directions. Edge linking is
performed afterwards. Detailed method is shown in Figure 3.
Volume is calculated based on the detected regions.

A. Pre-processing

Our pre-processing step starts with contrast enhancement
by contrast stretching. Gaussian filter is performed for noise
reduction. These two processes are applied to all slices in the
SPECT image set.

B. Find the Object-of-Interest's Border Slices

Normally, a set of reconstructed images in SPECT consists
of image slices that contain the object-of-interest and its
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surroundings. In this step, the first and the last slices that
contain the phantom are identified as follows:
- Calculate the average Otsu’s thresholding [8] of the 3
middle slices in the whole image set
- Binarize all image slices by the obtained average
Otsu’s thresholding value. The pixels in the binarized
images are separated as object and background
- For each slice, count the number of object’s pixels
- Plot a graph between slice number and number of
object’s pixels
- The slices with the peak values from the first and from
the last slices of the image set are identified as the
beginning and the ending slices of the object-of-
interest

P
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i g
Define straigh
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straight Fine
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Fig. 3 Our proposed segmentation method to obtain close-to-actual edges
in SPECT images -

C. Define ROl in Each Image Slice
In this research, the ROI in each image slice is defined as
follows:
- Calculate horizontal and vertical projection profiles
[9] from the binarized images
- The most accumulated values in the projection profile
imply the borders of the rectangular box phantom.
ROI in each image is defined by these horizontal and
vertical lines. Five percents safety factor are added to
each side of the ROI

D. Border Segmentation and Volume Calculation

Our approach to obtain the phantom’s border begins with
extracting the pixels with the maximum radiopharmaceutical
counts in the lines from a point inside the rectangular-shape

phantom to the border of the image. Then link the edge points
where it is needed. The algorithm is as follows:
- From the ROI of each pre-processed image, find the
center of mass (CM)
- Define straight lines from the CM to each point of the
image border by Bresenham’s straight line algorithm
- From cach straight line, the pixel with the maximum
radiophamaceutical counts represents the phantom’s
border point
- Perform edge linking by morphological
processing to get a closed loop border
- Calculate the phantom’s area of each slice
- Calculate the whole volume by multiplying the overall
area with slice thickness

image

IV. EXPERIMENTS AND RESULTS

As mentioned earlier, the volume of human’s internal
organ is one of the information that we concern but actually
we are not able to find the real volume. Hence, this research
propose to find the close delineation in SPECT images by
using geometric-shape phantom that the volume of which can
be calculated.

A. Phantoms

In this research, rectangular-shape boxes made of plastic
material and made of feature boards of several sizes, varying
from 125 — 1000 milliliters, were used as our phantoms. The
inner walls were covered with adhesive material (Fixomull).
P"Tc-pertechnetate 1| mCi was applied on the adhesive
material. The phantoms were wrapped up with stretch film to
avoid contaminants. Figure 4 presents some examples of the
phantoms used in our experiments.

Fig. 4 Example of phantoms

B. SPECT

SPECT was performed using a triple-head gamma camera
(Triad XLT 20, Trionix, Twinsburg, OH, USA) equipped with
low-energy ultrahigh-resolution collimators. The images were
acquired into a 128 x 128 matrix every 5 degrees at 20
seconds per image. It took about 10 minutes to complete the
360 degrees.

These data were subsequently reconstructed using filtered
back-projection (Ramp-Butterworth filter, order 10, cut-off’
0.45 Nyquist) to produce transaxial images of the phantom.
The pixel size and slice thickness were 2.8 mm/pixel. The
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volumes and areas are calculated from these images. Figure 5
illustrates examples of reconstructed images of a rectangular-
shape phantom from our experiments.

Fig. 5 Examples of reconstructed images of a rectangular-
shape phantom from our experiments

C.  Evaluation Method

The volumes calculated from our the results from our
proposed method were evaluated with the phantoms’ actual
calculated volumes. Moreover, a gastrointestinal specialist
was asked to manually segment the phantoms’ images with
his/her normal practice method using /mage.J. Percent error is
calculated by equation (3) as shown below.

Approximate value - exact value —_— (3)

percent error =
exact value

D.  Experimental Results

Phantoms of 3 different sizes were used in our
experiments.  Each phantom was scanned 3 times. Table 1
illustrates the results of calculated actual volumes and those
based on the segmented areas from our proposed automatic
segmentation method and from an expert’s manual
segmentation. The manual segmentation was obtained by a
human expert interactively delineated the boundary of the
phantom using /mageJ software. The manual method started
with manual thresholding to extract the phantom wall. Then
the expert manually drew lines to get a closed-loop wall. All
the pixels in the closed-loop arca were counted and the
phantom’s volume was calculated.

V. DISCUSSIONS
As shown in table 1, the calculated volumes from the
proposed automatic segmentation method are not much
different from those calculated actual volumes while those
from manual segmentation method are much higher different.
In addition, it should be noted that errors increase as the
phantoms get bigger.

From our experimental results, it can be concluded that our
assumption that the actual boundary in SPECT images
possesses the maximum detected radiopharmaceutical counts
is correct. Moreover, the proposed auto-segmentation method
provides more reliable results than an expert’s manual
segmentation method.

VI. CONCLUSIONS

Edges in SPECT images are generally very blurred.
Hence, delineation in SPECT images is a difficult task and can
easily be inaccurate. Moreover, it is not possible to know the
actual volumes of human’s internal organs. This research
proposes to find the close to actual edges in SPECT images.
Geometric-shape phantoms are used to verify the actual results
by volume calculations.

Firstly, it can be concluded from this research that the
actual boundary in SPECT image should be at the pixels that
contain the maximum detected-radiopharmaceutical counts
around the blurred boundary areas. Secondly, our proposed
automatic segmentation method based on this assumption
provides reliable object boundary with low errors in SPECT.
We achieve accuracy up to 99.92% in the calculated volume

by automatic segmentation. Lastly, the implementation of

automatic segmentation can reduce human error, human
interaction and the processing time. In our future work, we
intend to apply the automatic method to evaluate gastric
accommodation.

TABLE 1. CALCULATED VOLUMES BASED ON ACTUAL SIZES, AUTOMATIC SEGMENTED ARE AS AND MANUAL SEGMENTED AREAS FROM THE PHANTOMS SPECT IMAGES

Auto segmentation Manual segmentation
Phantom size o
(em’®) Scai# Calculated é:;::;:ft?; Error (%) Averaged Calculated &‘l:;rﬁt_(; Error (%) Averaged
volume (ml) volume (ml) error (%) volume (ml) volume (ml) error (%)
10%10*10 1 993,72 -0.62 1390 38.99
(1000 ml) 2 999.17 997.64 -0.08 0.28 1371 138233 37.07 3821
3 1000.02 1.55 1386 3858
75485485 1 567.02 4.64 906.22 67.24
(5'_” () ml; 2 548.69 560.86 1.26 3.50 886.97 88891 63.68 64.04
3 566.87 4.61 873.54 61.20
545910 1 -8.99 472.78 89.11
‘25'“ ml) 2 22883 -8.37 -8.46 479.96 476.92 91.98 90.77
3 -8.03 478.03 91.21
sasHs 1 -14.59 254.99 103.99
”':é ml) 2 112.74 112.08 -9.80 -10.33 248.98 253.00 99.18 102.40
3 116.74 -6.60 255.04 104.03
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