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WA BOBMKGA. FlI ELD The present

WD 2008/ 041946 PCT/ SG2006/ 000292 -1 SEGVENTI NG
I NFARCT I N DI FFUSI ON- EEI GHTED | MAG NG VOLUME

generally to magnetic resonance imagi ng (MRl)
sequences, 5 and nore particularly to :

di f fusi on-wei ghted i maging (DW). BACKGROUND Cerebral
stroke is a major cause of yortality and norbidity in
many countries. Pronpt assessnent and treatnent of
stroke hel ps patients affected by this disease to

I hakA

SRS TG AR L IR GSION WeIGATED 1HAGPYG WEME
magneti ¢ resonance i nmaging (MRl) sequences, two other
nodal i ti es have been fYfpuate acute stroke
patients, nanely perﬂh3|on Imaging (Pl) and diffusion-

Theb@Shemvénteg idlges démhlly bmimeficrssapanderimgging (YIRD)sequences,
i pvol ves, heno-dypam cal | i ght e sequences t hat
agg gor eﬁ’é’%’éﬂla‘g\'? to ‘ﬁ&“ﬁ%gﬁ'& teﬁfm%én tvle' resonance (MR)
contrast through brain tissue. Measurenents of brain
per fusion include vascyl r it tinme, cerebra
bl ood vol unme, and cergﬁﬁgF&gﬂggé flow Serial
CRRABLaY sitoke &fa BijbLEAS of iditalityl shd alvskidieih rhaydetueries. Reompt
absol ute cerebral_ bl oaod flow ;E%s %Xgicq%k% involv%s
apPEUEIGN AN PUMARY Of SUBfdIPS PRYSHISANECBH L B F A8  Fwo
s&ﬁ?ﬁe%?&@él@ﬁ fifktid@addha Khvé BEen 68 dere theladutephase eResides
D f fusion-wei ghted imaging involves imges Eﬁﬁt
clesidabuegnetie resenanps imagingdMRIhsaraRes o BT Ay Een
u%%ttg :é¥a;iﬁl}lteefcﬁie%goﬁé'ﬁaﬁbﬁs,(iﬁﬂﬁfy%ﬁfum inRRingdPY ahd8iffusibe-

sl on epends on thé energy of the nol ecul es,
weiighted imggingp¥bat ur e dependent. However, 25 diffusion
is not really random because of tissue structure.
Cell nenbranes and vascul ar structures, for exanple,
Peifndidn ittiaffng €PIp mvolves héveo-dynanycally waishted MR pespgrces thoyare

abnormalities .are nma [ (X ' j ich
R e
Mifireisemnofeaig btdtsidnniageds vascubaittansiff tinse, cerabrabblee] wiyme,
| ses i ed ta a pul.se Q 2 '
Bireerulpndo8s SoraluBins ot REH IS eryd00 deldkine
b &IRY AFEFalb IR Thisftypically involves measuring relative blood flow and

comparing the two hemispheres of the brain for regional differences.

Diffusion-weighted imaging involves images that reflect microscopic random motion of
water molecules. Water molecules are in constant motion, and the rate of diffusion
depends on the energy of the molecules, which is temperature dependent. However,
diffusion is not really random, because of tissue structure. Cell membranes and vascular
structures, for example, limit diffusion. In the study of acute strokes, DWI abnormalities

are markers of critical ischemia, which typically evolve into infarction.

To obtain diffusion-weighted images, a pair of strong gradient pulses is added to a pulse

sequence. The first pulse de-phases the spins, and the second pulse re-phases the spins if

i nventi on rel at esPCT/SG2006/000292
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WD 2008/ 041946 PCT/ S&006/ 000292 -2 no net novenent
occurs. |If net novenent of spins occurs between the

w@e@diogrte pul ses, signal attenuation occurs. HEESG2006/000292

degree of attenuation depends on the magnitude of
nmol ecul ar translation and diffusion weighting. The
anount of diffusion weighting is determ ned by the
strength of the diffusion gradients, the duration of
the gradients, and 5 the tine between the gradient
pul ses. Automatic or sem automatic tools for

f. acute . strok
B AR o S bin S 3 s e irB e
Bgnat dtenwrtian o¢cuiss The degrad of a‘ttenuaﬁumﬂ&pahdsmﬁ mdagrﬁtaaé sent

tﬁ%lﬁ%g%r%@slagﬁg ﬁﬁ;&lgfus%lhwelgk '}ﬁ% ?‘@?ﬂm 8$ &ffﬁ%%q \é(pgl%/ng 18

detsirmined byths Bﬁ@igﬂl qfahe diffusion) giadigntadReduiration SE ¥R d@dnks And
1§§u%.gfus gq g iwages " M CCAlI, 1679,

1 5 @%@'?ﬁﬁ'gsa seni -aut omati ¢ net hod to
detern1ne |nfarct vol une by diffusion tensor-MRI. The
L q uses. £ e threshol d }5 al gorithm which
nc%%ﬁ“’fs%lg“ ameicibols or sggragraiionand evsluatienefacute shgkess .
r&/glorisl havelbegn ?@gestéiﬂ Zhead labeuddislsegindiiii b flatlte iRABUS brucial

funsuElerws Egne tation of infarct lesion from

o FPYaiERng FRd sirokedwlenisi ng nul ti scal e

statistical classification and partial volunme voxe
Neur oi mage, 23, 1507-1518, 2004,

f t
e b ABohies S 7S MeapeP S s s g M Parmens o
voRiegn Skt :pmjts%sﬁl% %Hz!qﬁfvla C¥menlaSsbf dlﬁ@stldn elglggéjMR

parti al me voxeél reclassificationin ase of

HB?EeFau MlgﬁiAﬂelr@ Br220, 1999 é@ﬁ?ﬂbthéymmltt@mjtc nueshddde detefnyine
quQt%t \l’d'\irﬁ‘é’ dlf' rﬁ@ﬁso?'ﬂﬂRlo)fﬁé @‘gggd g&? FJP e 1vent}1re§l6cilﬁ1 opy

intensity ~ overlappl ng cause usion ani

algadthie mh@b, SIICDSPO}:ﬁmStaI sphtial obnstreiny dl)(ﬂgment'fﬂnagesnet hod is
said to be robust to noise and RF inhonpgeneities.

Thi s nethod uses DTl 25 volunes to segnent and
Wi Ligdin 3t Endleng Li arichﬁa@ingme “Romsumtqbemwd segzﬁéﬂtmbhtoy

] | ni ca actice,. the an
g ih fom gl Ron MR e gl POl ] classiioation
alsb[gmlmh veltiine noxeb rolabsifi@sion” Meutbataddy2 R Y S07- B18E2004, have

QIET al medical software (ﬁ
propose an unsuperv1sed segmentation metho using multiscale statistical classification

and partial volume voxel reclassification in the case of diffusion tensor MR i images.
They attempt to identify the infarct regions and overcome the problem of intensity
overlapping caused by diffusion anisotropy, and reclassify partial volume voxels. The
method is said to be robust to noise and RF inhomogeneities. This method uses DTI

volumes to segment and eliminate the artifacts. The computational complexity is high.

In clinical practice, the analysis of DWI-PI datasets is based on manual image editing
and segmentation techniques provided by available commercial medical software. A
complete study takes from 15 to 20 minutes of user interaction; see Bardera A, Boada I,

Feixas M, Pedraza S, and Rodriguez J, “A Framework to Assist Acute Stroke
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conpl ete study takes from 15 to 20 m nutes of user
interaction; see Bardera A, Boada |, 30 Feixas M

woeasarm4eS, and Rodriguez J, "A Framework to ABGI/SG2006/000292

Acute Stroke WD 2008/ 041946 PCT/ SG2006/ 000292 -3

Di agnosi s, " Vision, Mdeling, and Visualization (VW
2005)- Article No. 666, Erlangen, Germany, Novenber
16- 18, 2005. Thus, a need clearly exists for a
segnent ati on algorlthn1that is both |ess
conputationally 5 expensive and faster (capable of

. 1 m nut .o |
R Sanagol AR WP B Py OO, Setenthu 6
ﬁﬂwmwmd@@mammﬂﬁhmmbaﬂﬁ—ﬁbgmmht|ng an infarct in a

di f f usi on-wei ghted i maging (DW) vol unme. The DW

vol unme 10 conprises slices, each slice conprising

Thius, @Insed deariyregisarforar Segmetﬁhtldnl’ﬂgﬁuhlﬂ'flﬁt WBbiiAks computationally
sel ec a Re n of Interest

t.he steps..of
R B PR 3 i P T ot e B e
contalnlng an infarct in the original inage, the RO
conprising at |east a tion of the slice; selecting
a threshold for a ninlngﬁﬁgm¥¥3 Yof an infarct regi on,

the Indeadiet dithReaipdti ofehednvanibiT B BRE1deAE niitiRl oF;
mask with the 15 selected slice,

conval vi an.en
SN ?Fh‘?‘fai‘?t BB ipnsacishions dmaging GIWDiraliee; d'he Wibyoleme
chhfhes S1ed efihdice GapriSing PRERTbintitk Er{"@rlgﬁgri inhdde, E’ﬁ? method

conyol ved energ ¥ i.mage; determning a
cPPTEEHke steps efhe %ﬂ%@?@ﬁ}%@f Igterest (RQT) ingpt leastiont slice Iof the

DWW @3 EnthddifarBinfatc? 085 83041 u&g , § OIQ:BmE:HSn? b lga%t

wi t hout a_ background re%lon ormn
P@é@lﬁﬁﬂb&ﬁh@rﬁe&ptm& thibreghalé forggninignuni sizé ¢ﬁamnafhrct region, the

1S Qf the
o A5em ok 396500 e SHRROATY ot Wi
sedectadshice, pig mgllzing@e regulting emmge) fo deaupyl agaedefined gray
S& nment at and perf n
<SRTBALARL b Rt B TR PR 70
elmnggigdhfdbackgromdc dtt‘teianmeg wh inlitiah thoésheld usiap e bistopfant bfthe

her vi ded arat us 5 for |
ROUARE RS it el ind 5 o it i dosmmamtptiog of
th¢ E‘Mib)usmg |mermmarﬁh1esﬂaw labélhg iBivaREIolHBSensy dfERSinitiBACH
segmercx;cgtlo%o rH@he s?llcep %m? (Iiégrlrrﬁmgg arx rf?nﬂ%]resnho?dr ds?nlgril?sltoglrgrgsg gf lal;glled

components of the initial segmentation, and performing a final segmentation of the slice

-~

using the final threshold.

In accordance with another aspect of the invention, there is provided an apparatus
for segmenting an infarct in a diffusion-weighted imaging (DWI) volume. The DWI
volume comprises slices, each slice comprising pixels forming an original image. The
apparatus comprises: a module for selecting a Region of Interest (ROI) in at least one
slice of the DWI volume containing an infarct in the original image, the ROI comprising
at least a portion of the slice; a module for selecting a threshold for a minimum size of an

infarct region, the threshold specifying a minimum number of pixels; a module for
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apparatus conprises: a nodule for selecting a Region
of Interest (RO) in at |least one slice of the DW

wQ odosne19¢o©Nnt ai ning an infarct in the original PCE§E2006/000292

the RO conprising at least a portion of the slice; a
nodul e for selecting a threshold for a m nimum si ze of
an 30 infarct region, the threshold specifying a

m ni mum nunber of pixels; a jgrodule for WO 2008/ 041946

PCT/ SG2006/ 000292 -4 convol ving an energy mask wth
the selected slice, and normalizing the resulting

58k p TR BRSO BRSO S e
imageye; ocalpw@dzmcbﬁﬁcﬁ grey sscaienal;llb‘ﬂlg(i:q fdln eel?xamg gllred{mﬁn tlge
PR o 5" Moyl or Bty B Byt ol B

detmamhrgl @htgshcrh@ fcm emgﬁtamg therba:ckglbhmd IRGifmdixfe fohdet& i an
ackground r erfor n .
T A R

anfl pesdrming; anannﬁﬁhh&gﬁentﬁtmh of &i@%hd:d’lglﬂgl’tﬁié MitiUakeshold; a module

f the initi ntatiqon of the slice;
ORPIRE B Lo b PR on ol e St Seiegite
fbii detopgindiEa fifal tta&mbladlsﬁ@ ARRERAsDf Bbelel Borhpinkhid bf the 1n1t1al
and performng a fipal segnentation of

nment ati
S?E{‘g enfatiop, eang QF%mt% Fl?% sFeeRfaanef the Sth gsing the dfinal thresald.
with yet another aspect of the invention, there is
provided a conputer program product conprising a
c onp it Foranes Aptheychangthshisess op e invenliane thererip prowidad a

cﬁlﬁ?ﬁib&tlﬁﬁgr%%(ﬁm doprisRg %&H()\R& r@fﬂiab @fnﬂirdﬁﬁn hepm%\/vcorded
fusi on-wei ghted i nmagin
thegin %O%Hﬁrnrgﬁém@rl S@@@entléaem m§ar¢t@@ a d@fﬁpmnsmgltqed negimng

(lf)WIdeﬂné- ST DRI 'nguﬂﬁlco ngﬁ&@ shc-gp RadidiY &gﬁeprﬁ T%g)u)%@ ﬁroo !

product conprises: a co progr am co
ag efigigaliimggea The gpwputof programpestuct dR@pyisisna mmpwcasm“ogmm code

f t
bt ahtl A Eb e GRCH AL 0 B, OLPEBE pt (e
cerftaining an gifarclen thee arlymu tnmge phoROheonymitingrapibaste poftion of the

| t hresh I d of an .
st £E0ud ity Broatint B oo B el s Prsheig 5 oz of
ammﬁmrregxén memmholasp'eeiﬁymg eﬁuﬁﬁiumrmgibamm;e@s Beskkpder

vol Vi an e mask w %?ﬁﬁ t | ected slijce,
pigB K et oy R g o FRer sk it e FRls ot gy
nemfligide fhe ReditiigRyergs dhae tdodeaPpPapRictined gray scale; a computer

program code module for selecting the ROI in the convolved energy image; a computer

program code module for determining a threshold for eliminating the background; a
computer program code module for determining an initial threshold using a histogram of
the ROI of the slice without a background region, and performing an initial segmenfation
of the slice using the initial threshold; a computer program code module for labeling
individual components of the initial segmentation of the slice; and a computer program
code module for determining a final threshold using histograms of labeled components
of the initial segmentation, and performing a final segmentation of the slice using the
final threshold.
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program code nodul e for selecting the RO in the

convol ved energy i1 nmage; a conputer program code
worp@shedior determning a threshold for eli m neCT/6G20066@00292

background; a conputer program code nodul e for

determning an initial threshold using a histogram of

25 the RO of the slice wthout a background region,

and performng an initial segnentation of the slice

using the initial threshold; a conputer program code

nodul e for |abeling individual conponents of the

initial segnmentation of the slice; and a conputer

program code nodule for determning a final threshold
usi ng hi st og BRAEF SESCRERTION @B WINGS the initial
FRR; ! inh i iSERIREE & thOfra@t

ERRSAEINE Lt A ?nﬁg&?ﬁ%%?é@&?‘?“ﬁg?k‘? ineaE Wi SREEOE BHhOdaings.
REILIBG2006/ 000292 -5 BRI EF DESCRI PTI ON OF THE

DRAW NGS Enbodi nents of the invention are descri bed
hereinafter with reference to the drawi ngs, in which:
Ffp. Fistan otiginal digitad iragervdh DIVEslicebf annpdjeidod]’sebraigyin sihiche
of an individual’ brain, in i ._given vol une can
glyen B‘ﬂ'&‘ﬁg 8361\% T V(Yﬁegé‘f SC??P%‘%%S CORt A %nlagg% i nfarct;

Fig. 2Ais the digital image of Fig. 1 in which a

vl P4 & nprighal sEheSortinh pbion RegngF st (b ffspflea i

te@wréirg;, RO, which may be further segnented; 15
Figs. 3A and 3B are energy inmages derived using the
L5L5T and Mbd SH5ES5T energy masks, respectively; Figs.

FPoB i Bt fiRagdiof Figab AloiBEesle@td ROE weiidhi rh® tsd futtkerwi t h
the RO selected and the RO itself for L5L5T energy
sqgmeRtedy espectivel y; 20 Figs. 4C and 4D are digital

i mges of the entire slice with the RO sel ected and

the RO ) . . .
Figs. 3A and 3B are energy images derived using the L5L5" and Mod_S5ES" energy

masks, respectively;

Figs. 4A and 4B are digital images of the entire slice with the ROI selected and the ROI
itself for L5L5" energy mask, respectively;

Figs. 4C and 4D are digital images of the entire slice with the ROI selected and the ROI
itself for Mod_SSEST energy mask, respectively;

Figs. SA and 5B are a histogram illustrating stroke, tissue and background for the
histogram of stroke and tissue for L5L5" energy mask, and a histogram with the
background removed for the L5L5" energy mask and to determine an initial threshold

point, respectively;

Fig. 6 is a digital image of an initial segmented image for L5L5T energy mask;
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itself for Mod S5ES5T energy mask, respectively; Figs.
5A and 5B are a histogramillustrating stroke, tissue
wanashaokgr ound for the 25 histogram of strokBCESE2006/000292
ti ssue for L5L5T energy mask, and a histogramw th the
background renoved for the L5L5T energy mask and to
determne an initial threshold point, respectively;
Fig. 6 is a digital image of. an initial segnented
i mage for L5L5T energy mask; 30 WD 2008/ 041946
PCT/ SG2006/ 000292 -6 Figs. 7A and 7B are a histogram
F 1ﬁls |7%& a3k o «?a ﬁl%&)%l{éﬁl rjlthd é&ﬁh’%stﬁﬂ&g ekl BALR ofuﬁ’d fotr AR

ogram o e an sue_for the M
hwtngnaglwf sk and tssae Fir ShQMpé.rSSEﬁ dmergly ardsly p@im}é!StPW
r T t
e i R G
pointt t i al segnent ed sllce in the RO for the Md 85E5T
energy mask; Figs. 9A and 9B are digital inmages
|IIustrat|ng the | abeling connected regions for the
F11;08 sl didftabinehgd/bfanShfaTsegmentey sliva srkthe RO Sqralot Mod| SFES
5%’ kQA and 1 0B are histograns corresponding to
CRFFEYFIRGS regions for the L5L5T and Md S5E5T energy
masks, respectively; 15 Figs. 11A and 11B are each

SN CCT R S I N S

LIS T8 MBASESE ST leg&pe alabispleypectiveg. 12A and 12B are
hi stograns showi ng the determ nation of the cutoff for

final segnmentation for L5L5T and Mbd S5EST, .

Fi@? SIRRCnil {68 ¥re AogrhiScorfedpdnain g g td SBeRhEregiogd foathe LTRGBS
lustrating the results of the fnmal segnented inmage

ModLSiﬁﬁeemesgﬁmasgﬁé?Sg?ctWﬁb'k,

Figs. 11A and 11B are each five plots showing the determination of minima of individual

histograms for the L5L5" and Mod_S5ES” energy masks, respectively;

Figs. 12A and 12B are histograms showing the determination of the cutoff for final
segmentation for L5L5" and Mod_S5ES”, respectively;

Figs. 13A and 13B are digital images illustrating the results of the final segmented image
for the L5L5” energy mask;

Figs. 14A and 14B are digital images illustrating the results of the final segmented image
for the Mod_S5E5” energy mask;

Fig. 15 is a plot of ROC curves for the original image of Fig. 1;

Fig. 16 is a plot of ROC curves for the energy image;
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Figs. 14A and 14B are digital images illustrating the
results of the final segnented image 25 for the Md
wEaEsh4omer gy mask; Fig. 15 is a plot of ROC cPCWEE2006/000292
the original imge of Fig. 1; Fig. 16 is a plot of
RCC curves for the energy imge; 30 WO 2008/ 041946
PCT/ SG2006/ 000292 -7 Figs. 17A and 17B are dot
di agrans for range, i.e. wi4th and variance, where the
index O stands for artifacts class and 1 stands for
Gound Truth class; Fig. 18 contains digital imges of
Fi 4l f% ra%ﬁtﬂ AL Sdof 1aér§}ng Htlga r}%r \r)mith %{d%ﬁaﬁ%w%e\%é?é‘the%d%xo
S roké and” Aor na |ssuer a stroke region
stanld far dofifattoglasrmot stamBrfgmeua@EnﬁchlaSSt he di fferent
RO's corresponding to the normal tissue region, the
stroke and normal tissue region, and the stroke
Fige 8 cvnjaidsi @gltallﬁnargarufaﬁffmem R@I$ edntdimag e sorfal tishé wgiont a

S onta ni ng _a nor tissue re
S8 SRR LR dB BN Taeam ST b RRopt &ffnShh Bife for
thB idgfFepght RDIOEortclifonainf @ hahorniallgae fegion the sin:bkfefaad gorinal
RO s correspondi to the normal tissue region, the
tissps FRionggng ¢ %Wk%?eg{oflssue region, and the stroke
region in the original imge; Fig. 20A and 20B contain

adlgltal i.mage and a_ hi stogram of a nornmal .region in
Fig. 19 ¢qugains digjtaf agesf; d\l,fgqrw I, consaiping p &O%‘E“ feﬁfor? 3

stfikd 'aﬁ@ﬁoﬂﬂé?&%u@z@gxoﬁ Al 5%9&1&&?1@& add 8 his@isfntoflth¢ fdinal
tissue area in slice; 21 is an origina

ingfige fqrsf,hfdﬁffmmgﬁ@lé gorrespeningso therpopRISsug IgHion A Pk and
ihaofbingl ine Flg 22A is
ctﬁﬁieﬂl ‘%?‘é‘? ?gﬁ%gﬁe&gf% @Fﬁ%g‘m 11{‘1th E éllﬁl ch §§ of the
original image is selected; 25 Fig. 228 is a digital
i
e ot 208 ik Bl o3 0 R o R BB e
respacteclghown in Fig. 21;

Fig. 20C an& 20D contain a digital image and a histogram of a stroke + normal tissue

area in a slice;

Fig. 21 is an original diffusion weighted T2 image, in which a given volume can be

browsed to select infarct slices;
Fig. 22A is the digital image of Fig. 21 in which a ROI of the original image is selected;

Fig. 22B is a digital image of Fig. 22A of the selected ROI, which may be further

segmented;

Fig. 23 is an energy image of the slice shown in Fig. 21;
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WO 2008/ 041946 PCT/ S&006/ 000292 -8 Figs. 24A and 24B
illustrate a RO in the energy inmge convol ved with

wWo h@sNB4E5ES5T  energy mask and nornmali zed t o PEweGLoab/h00292

gray scale, and a blown up imge of the RO; Figs.
25A and 25B are histograns of the ROT with and w t hout
background, respectively, in which the background is
renoved and the initial segpentation cutoff is
deternmined; 5 Fig. 26 is a digital image of an initia
segnented slice; Figs. 27A and 27B are an inmage of

| abel ed r ns an t.s _hi st oqgr i

Figh it PRAGBRBFIea RO bR ek ohales ViendPe e sy

eﬁérgwnsbkaﬁF awmahlkmb hatd filY ghy seild) et Selgwanpiinege dfftler@Is
vol unes;

FleB oo OSBRGiePBmE GO with eR RAGH PagsEipupg respectvely

iPEEEPhE b AK et MR d 13eMBYdIds thd @Ha4liseatenhtion cmafitiedetermined;
DETAI LED DESCRI PTI ON Met hods, appar atuses and conputer

program products for segnmenting an infarct in a

FY ﬁéﬁ%‘@mﬁﬁﬁ&%@&hmwe et{tMI)GeVm une are discl osed.

't | owng descri pti 20 numer ous specific
details are set forth, |nclud|ng grayscal e | evels,

%2%7&%1’1% r o a?ﬁﬂﬁkcg&? la‘t%lgd%élmﬁ%h@i@hlst%gﬁnﬁ he Ii ke.

wever Is disclosure, it wl e apparent to
those skilled |n the art that nodifications and/ or

tit { departin fromthe
F1sgc gz el di {apﬂr? pﬁ%l %ﬂi@dqﬁ&% p g

vention. In other
C|rcunBtances speC|f|c details may be omtted so as

not.to obsecure t. Vel

Pkt e R B R peperi Rl DR e and
its functionality, can be |nplenented in either

har dwar e or .sof t war e

Fits SO oes T Bar A G Bap Fon P AR By pefbr BB
Mol OddiErited hareinated. ar  function or rel ated functlons
Such software may be inplenented in C, C++, JAVA 30
JAVA BEANS, or a conbination thereof, for exanple, but
may be inpl ement ed DRTAIDED DESCRIPTION

Methods, apparatuses and computer program products for segmenting an infarct in a
diffusion-weighted imaging (DWI) volume are disclosed. In the following description,
numerous specific details are set forth, including grayscale levels, particular thresholds,
cutoff points, and the like. However, from this disclosure, it will be apparent to those
skilled in the art that modifications and/or substitutions may be made without departing
from the scope and spirit of the invention. In other circumstances, specific details may

be omitted so as not to obscure the invention.

The methods may be implemented in modules. A module, and in particular its,
functionality, can be implemented in either hardware or software. In the softwélre sense,
a module is a process, program, or portion thereof that usually performs a particular
function or related functions. Such software may be implemented in C, C++, JAVA,
JAVA BEANS, or a combination thereof, for example, but may be implemented in any
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WD 2008/ 041946 PCT/ S&006/ 000292 -9 of a nunber of
ot her programm ng | anguages/systens, or conbinations

w0 basea46 | n the hardware sense, a nodul e i s BCT/SG2006/000292

functional hardware unit designed for use with other
conmponents or nodul es. For exanple, a nodule may be

i npl emented using discrete electronic conponents, or
it my format |east a portigon of an entire electronic
circuit 5 such as a Field Programmable Gate Arrays
(FPGA) , Application Specific Integrated Circuit

df @%ﬁl@)er O?Bﬁilelt 1;}8% @H%e%ysgﬁ%mé ?Péo%%?%&@&é gxeregP yIn the

al so conprise
hagdyeia Seﬁsﬁr a ﬁlﬁdlASIS@ mﬂ@mndilardmae unfitdesignedifor use |W1thtdﬁl&er

IR TT N T AT,
elpsirorioepmponenth er itinay. fomm atdvastEspontidreof ap estirk llekirbriesircuit

sﬁ‘ﬁi K& Fﬁ T(!f' ?I%E{aﬁi%ab ee(gatlg%ra S &‘?ﬁf}s A@‘#f)@&)nﬁ%{ﬁg integrated
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VA P o el B 5815 P e SRS Rashrhopskiled

inuthe drt 1l igpoatesthbd theshsiern hikealsy Be ifnPleaRANE s 4 B&nbma’uon of
bstaqge of thelr work to others skilled in the art.

hﬁ&“@?dﬁ $Yrg wodplese| £ - consi st ent sequence of steps
leading to a desired result. The steps are those
requiring physij cal nanl pul ati ons of physica

SergaReripnsed theeliowing d esc’flh‘éﬂilg?ﬁe Protenied dntsmay ofi ajgoritinesand
e?kb’ﬂéﬁtétfoh@@f dpKBods R cfa%r\mtlﬁlfl a %rﬂ]%ftéﬂs ?JEIB oP BB e fee 89;;able

0 el ectromagnetic_signals capa el ng store
of ReglREmiag peEpulioRDi Pitch algonithmie descriptivgs awt teprevingations may be

udtd ‘B& %k@él@l‘fjed il th%sclﬁ 18 h%@# the ste&ge ietLSf &lslq( th QiR s%lfea in

val ues, el enents, ara ers
thy @ﬁbénglgoathm e Sbllf-lcenSISTm Stalbcnce oﬁstcpssleadlﬂgao a tlesired rank.

rhE B SRR AL 1 I NSOGB PSR, Lo

conv
thapgh noedecbssaxs;lucmesmamuﬁeb ke tHeJlfbmsaf ebqpeivhl, maghdty, &t at ed
el Mens si zﬁ§ a}pal%le g Bdi en%pgrfeé ﬁ{gﬁstg&ec{ ct%xlglgla?c:gérppared, and

| SCUSSI on
otharedise Qtanlpglated ﬁ’lhéﬁelsi‘@a].s magy GEPEErdito as bidd) A1, €l8ments,

syn%efgecgh%rtace1 g terms, nuﬁ%erg or the like.

The above and similar terms are to be associated with the appropriate physical quantities
and are merely convenient labels applied to such quantities. Unless specifically stated

otherwise, and as apparent from the following, discussions utilizing terms such as

2 (13 2 <6 2 &€

storing”, “comparing”,

2 &6

“reading”, “selecting”, analyzing”, “generating”, “drawing”,
“using”, “determining”, “convolving”, “selecting”, “setting”, “removing”, “labeling” o
the like, refer to the action and processes of a computer system, or a similar electronic

device. Such a system or device manipulates and transforms data represented as physical
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"using", "determning", "convolving", "selecting",
"setting", "renoving", "labeling" or the like, refer
W 008he193ct i on and processes of a conmputer SysSPENSGZNNG/000292
simlar electronic 30 device. Such a system or device
mani pul ates and transforns data represented as
physi cal WD 2008/ 041946 PCT/ S&2006/ 000292 -10
quantities within the regigpers and nenories of the
conmputer systeminto other data simlarly represented
as physical quantities within the conputer system
registe '
e
similadyereprefantedpe pliysical qugniitiee vithiy the campies ysitie registaisds

are.al so escribed. Su be
EIBATS¢ ?rcagf’tgffst‘é%g S?‘H%%%égg?sgﬁssﬁﬁ 2’%@%?% “Bur pose.
Al ternatively, the apparatus may conprise a
eneral - pur pose_conputer f(e.q...a N r
Aditnes BHHEF G Py Ete pEofbranods BRHERAM UL
des&itrdl Bud an ;p%drﬁmﬁxheﬂbmpeciﬁe&ﬂmﬁ)hmrwd fdyyhearequired puspose.
rogramr.ea the conputer. The al gorithns, pres
AReRsE R T Bnah i raibEnt £ pene R s T (6B g
PCYUBTRHbBEr c@fnp@ﬁhﬂg&r_ evidP gbag.,gd RISA), \ganﬁdho?]@ beg;elraetmly-?qumt@
conputi.ng nmachi nes may be us wi th prograns. e
reCATBGHTHDN £ SOBPUPHEOGTRI S B ISP UIRE| B g ime BisssNcg,
heP&if SfeHIt SherBhtlySelatcd@s fhy pafticulth bérfipuie o othesdpparatuspnaribas
put into effect by conputer code. The conputer program

gengral-pwypescompRtingdRashings |ay s wed L PRERARS: parti cul ar
progranmm ng | anguage, operating environment, and
i npl ementation thereof. A variety of progranmn )
Theaamghedipesnts of Shedpeantionyalsg relaiatp a cORBUEHRICEFU(D OF @%?W%;'z“

W?lg? é%gagg sltggg ‘g@/ ﬁ}?%t G AQIBY LS hpudr R84 nffﬂe%om?\fr&grl prfo%ram is

_ ted to any particular contr, OW.
nof g eraled tacbertimisedde bt pavtiquiag prograngning HagwageyAPCEREing

e S N S s R e

operatinh aysiniss andosvding thenenf enay oe ke, Mapaven fthet degpyis; is

e L e R T

ofalky caiitdt pesgrang atiadh can ki ffanentidoatral dloms tvéthoutrdepattibg the

medi um My .conpri se oy age _devi ces, speh as et i
st S o PSP s o ko TP o8 TR hfcr
prOBYARY MayChd REforridaTR pyraliél ratBer theagR@icntiallyape, ot her

The computer program may be stored on any computer readable medium. The computer
readable medium may comprise storage devices, such as magnetic media disks, CD-
ROMs, DVDs, flash RAM devices, memory chips, memory cards, magnetic tape, other
storage devices and media suitable for interfacing with and being read by a general-
purpose computer, and combinations thereof. The computer readable medium may also
include a hard-wired medium, such as a local area network or the Internet, or wireless
medium, such as an IEEE 802.11 wireless network, BlueTooth, GPRS, a GSM mobile

telephone system, PCS, and GPS. The computer program when loaded and executed on
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storage devices and nedia suitable for interfacing

Wi th and being read by a general - purpose conputer,
wa@easooid nat i ons t hereof. The conput er readabP@&r/semi0e/n00292

may al so include a hard-wired nedium such as a |oca

area network or the Internet, or wreless nedium

such as an | EEE 802. 11 wirel ess network, BlueTooth,

GPRS, a GSM nobile 30 teIQHQOne system PCS, and GPS.

The conput er program when |'0aded and executed on WO

2008/ 041946 PCT/ SG2006/ 000292 -11 such a

neral -p 0se Cco ffec |veI
Y R S S R R
metibe stepsruttise enfbodinmishods of the enbodlnents conpri se
particul ar control flows. However, different 5
control flows can be practiced w thout departing from
Tilléhtﬁetﬁg&;pﬂ’ i Hﬂnsl:ﬁ)ﬂhﬁdnts copiifegarticoleodritobflos. However, different
ntroducti on Segnentation i s ap inportant .ste man
canbi] Qo Gomg @i pu e pprigom T epBubOpPER B
inRéffeBSSeS, segnentatlon forms the first step. The
applications of segnentation include diagnosis,
quantitative evaluation, and treatment of disease.
LS NCgodiRAER! segnentation is tedious, tinme consum ng
and subj ective, autonamtic cIaSS|f|cat|on nd
Sepirentatipn S0 BROHMt Heminmapy Medical iE18gs A iseS JpAEMY N
194 HRBSord ﬁrQ%g %e@ B RefRioR R 1Y first/sdd) g) PHSappaettoad of
I'magi ng noda Ities is desirable. Segnent at i on of
segRdntetidn inpludediagnosis, qupntitative gvﬁgattoaswdﬁ@éfﬁ%bofd#seﬁ% Since
§u iabisicaH
PP IRy eSS ROt e
andmuestificaion oftealthy. amnggasecuu@umnd n@an%ﬁamulm@gey otgiged by

nal n0|s nherent artifact
Vﬁ%ﬁ%?ﬁ?? gnPeéﬁgng aPielmages tLe:raC >
Sﬁgnentatlﬁn i's particularly 20 difficult. Because of
t hese .propl e even. th n I
SFRRaRE Bl O MG IRt et R B e R R eot R P 6o
inip@d id thé #skied ofl pptidls aff anatomy tHa fisly @ptuye the pessible
déﬁfg@g%})ﬁpr @?z%%e%%lgt%]tgﬁs g:ll X glée( t%@ re%l’cigé:iy ll(}v&b gtl]':’gna(f1 rtoe-mpls?el rggos and

inherent artifacts generally present in medical images, their segmentation is particularly
difficult. Because of these problems, even though many algorithms have been reported,
most of them have inconsistent results and/or limited applications. Thus, only a few

computer-aided detection (CAD) algorithms are being used in clinical practice.

The embodiments of the invention provide a method to localize and segment acute brain
infarcts. The method aids clinicians by reducing the time needed to localize and segment
the infarcts. A simple and effective automated tool is provided for fast segmentation of
acute infarcts and determine infarcted region volumes in DWI datasets. In addition to
possible use in the acute phase of stroke evaluation and treatment, such an automated
tool is also useful in retrospective studies, where large amounts of imaging data need to

be processed. Accurate identification of infarcted regions of the brain is very critical in
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The enbodi nents of the invention provide a nethod to
| ocal i ze and segnent acute brain 25 infarcts. The

woredokodioaé ds clinicians by reduci ng the tine needse2006000292

| ocal i ze and segnent the infarcts. A sinple and
effective automated tool is provided for fast
segnentation of acute infarcts and determ ne
infarcted region volunes ig,DW datasets. In addition

to possible use in the acu%b phase of stroke
eval uati on and treatnent, such an automated tool is

al so useful .in retr ective studje ere |.ar :
nEREIHEE oL oYy At et ke huentoR oo idl  Sercint
anfiGedy rRthe d ifstaadniificalbh iapdseginentaticaraf trefdrct sy ilerbifficiont Weighted
.brain is very critical in W 2008/ 041946
1MBEqY 06/ 000292 -12 managenent of stroke patients.
The enbodi nents of the invention provide an efficient

and fast nmethod for (dentifigcat.i and segnent ati.on of
Inj e enplsmenfagans sesoriber Bire ey WA sSis wpBc AR it shige
thEREGE bf Smii/BhEsRA sBdd tRibcshes fhy be frabigsed iwitbiteleparfy from
scans were_acquired with a sljce thickpess of

th §r0Pe AESPIT| of ¢18 IRy g alic s fePSRAs aghahp a?f’c?‘tﬂwams

todEPAthd f28ns’ TR Bhe infpfentn@BEn, LD WRkéanb h&d intgleheirevs RifibhsUT.1
The slice thickness d%nds on what _a_doctor wants

. to
maee ! . hé.Seemrsl-S mm- o ipmheratelivea it e DWhiapipnest Sm
2?@%3.'% uﬂ'ﬁ)@r 563085 Heb S 0:Plicd thidRNbes ahd M8 reflbn the 2lifiBiax

e nunber of slices in the DW scans ranged
wintoimhage 27he ssag Fverr His implaproresptio) dap ¥aTy fepEWHHEE ogribe scan.

TR S e G 8P in N Sl 3 Al i Fenfibh Birok Afeoratfdefest O
ave Int can. Even the in-plane resolution can
parangterslependi ng on the scan. The algorithm enployed in
t he enbodi nents of the invention is not affected by
these paraneters. 15 Energy neasures for the .
Eseghmedsaies ot tiof sepinenthtivhaif dtesnfhmtschale beenwsestd Statistical analysis,
Statistical .gnalysis,. like identificatio .
g g bor g BRI B0 SraratdEr A fleafoh B Reseiver g
ORasi@igWEHaractaietiaROT) cehahadysy wat perf¢iRed) Theiaoceracy of
anal ysis were perforned. The accurac f . bocalizatd on
lopalizgRans Kty itr 1 SOBRETCITRC RIS TR0k, ha e
i3 %entatiBn, AhS MBGHithinGakek BRIuE SRS thidliie i theNIft1ab| @ computing
takes about one mnute in the Matl ab f‘/‘é{e CO??P%I n% 29
enHQMARN, FRPOCasH BPEEs Sogeyes) iy AR thandRpivafentaio, Mg perd0
lobATRLEFERE U drithtatiol CasREAHarREd further by implementing the algorithm in
VC++.

In the embodiments of the invention, the segmentation algorithm is based on
characteristics of histograms of energy masked images. The segmentation algorithm is

less computationally expensive and faster (less than a minute).

II. Segmentation Algorithm
Figs. 20A and 29B are a flow diagram illustrating a method 2900 of segmenting infarcts
in DWI volumes. Fig. 29A contains steps 2910 to 2928, and Fig. 29B contains steps
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wersdivent s of the i nventi on

| ocal i zati on and segnentati on can be enhanced further
by inplenmenting the algorithmin VC++. In the

algorithmis based on 25 characteristics of histograns
of energy masked i mages. The segnentation algorithmis
| ess conputationally expensive and faster (less than a
mnute). Il. Segnmentation Ah_org ithmFigs. 29A and
29B are a flow diagramillustrating a nmethod 2900 of
segnenting infarcts 30 in DW volunmes. Fig. 29A

oSl R R PR e OB g

Int dtep 2920, la0.6iniRA OV Rﬂﬁrac si rmgl tUsingitige inRematiqy af dlessB W glataset

(SR RSREA a0 A0 s RSP B P b o

sydeig sich nfay be for&lxmple 't @xmiralgmmse punsmhdrcom‘putgr anynotebook

Scal es Tg V?H’t B ﬁ%g'iﬁzf ]%tB $Oi Sg{ﬁﬁ\a d gorgaémg% 311 ?ngu"lgéiare Mected

framrtlsdmighnacmmﬂé eFFigor isan bﬁgmailDWI ioagp of &f infapet sliceRB#t hat n

ste r ces ontalnln n.infarct
bt sBedes 4 45 SiePamg Qergrnid et fenhdt Pl op gray
(having hizghér ikWlsity MEIDE) i thedbweni{ght sdrticd ofake DMAslibAs  been
selected. Inthis slice, an infarcted region 100 is
shown with a lighter shade of gray (having higher
Inl SBp@IO$4, ta}R }gﬁ)hléi? Intér8st (ROD)iOsRIcted igh &oxﬁméte sl @ithmﬁe Pidle

slice. n step 2914, a Regiqn of Interest . ‘)‘ é
sligg p@tlteéaeq AT aSEhs R ean bg ieéecteéf?rrfw etrﬁ%g%lan@n Lhe Rl

ca?@)@ KBS cHSEAht 2 @ss A1 S ﬂnﬁk%!t ﬁlc@gor SRR M as 6L ¢4ic@baledlon the
further segnentation. The can be kept constant

pasition gad the [size pleinfargte r Ehe %@ﬁ e be vgiedifrom fiop t(b%lwew a ROl may
nc?f % b&ckida i{?ﬂ.\cﬁ %&QJ&etéle RSk sh@Ns %@ﬁ dih ?oxsé)éﬁlpféf a graphical

arcts. I be varie omS|ceto S|IC€
intprface RO} Canrhtyusedm pdymitsaiserde draw a perimstes proynd the ROl fiég. 2A

sh%u'% M %lu’?el éﬁ? Sth Iﬂg Bﬁ)I ggcﬂ at&f@%o%’ 208 WP ?erxﬁéter)

ace can be us mt a user to
dipen arvebdthe arfaminkﬂ)Otdﬁ FigRO Fighely shc@v!s thesROIwsf Fip.e2As dépiatedyfs a

Fig. .1 has a RO (indicated by a box 200 with a
Seﬁﬂgﬁeémﬁ%e%hﬂeter) drawn around the infarct 100 of Fig.
1. Fig. 2B shows the RO of Fig. 2A depicted as a
In ste%% ? a smn%ge threzhold is selected for the minimum size of an infarct region.

The infarcts may be of different sizes. If the minimum size threshold is set to zero (0),

whatever segmented regions are there in the initial segmentation are retained. If a
threshold is defined, any segmented region below the threshold is eliminated. This
threshold helps in eliminating some of the noise regions that are generally small in size.
Moreover, the minimum-size threshold helps the clinician to eliminate what is
unnecessary for him. For example, if the clinician is looking at infarcts that have a size
of at least 100 pixels, the clinician can set the threshold to 100, eliminate all the regions
below 100, and look at the remaining regions. Therefore, the threshold may be user
defined. In one implementation, an infarct region was assumed to contain at least 20

pixels of the DWI slice as the minimum-size threshold.

t he segment at i oPCT/SG2006/000292
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20 In step 2916, a suitable threshold is selected for
the m nimum size of an infarct region. The infarcts
woreapsioeroad di fferent sizes. If the m nimum si zBCT/SG2006/000292

threshold is set to zero (0), whatever segnented
regions are there in the initial segnentation are
retained. If a threshold is defined, any segnented
regi on below the threshold 4 elimnated. This
threshold helps in elimnating sone of the noise
regions that are generally small in size. 25 Moreover,
the m ni mum si ze threshold helps the clinician to
elimnpate what is_ unnecessary for him For exanple,
Ingtep RALS; pp pricegyapask ds qopbrlvetywish the irffancedlise.t Fable hbistetha details
FiEawo @ jexel I NLCl .can..set
the_ thr g%rﬁ%llng&??rls%?mgt{&rﬁ}i Iﬁlgltleteé}g[fol‘aln{l%w%es dr‘f ggillgnél tmbg | ow
mqsifieddyrys ensteyamask ieodr 8RS rvam be wsed fomenvoliten efitribe origisal
siiegalipt d may be user defined. In one inplenentation,
an infarct region was assuned to contain at |east 20
30 pixels of the DW slice as the m ni num si ze
threshol d. WD 2008/ O4194§AF§EIE X006/ 000292 -14 In
step 2918, an energy nmaskK s convolved with the
infarct slice. Table 1 lists the details of the Two

gy masks for segnentation, In the enbodi nents of
Lsﬂgr i nvention, a m)g}ff]i ed* Lafls' 4enbrgy mask Mod S5ES5T
can be used for convolutipn Mmthgthe original 5
stroke image. TABLE 1 L5L5T = 146 41 4 16 24 16
4 62436246 416 24 %6 ¥ 2446 4 1] Md_S5E5T =
[1-20-2-1 000040 12 24 9-4-2 00000

1 4 6 4 1]

Mod S5EST = 1 2 0 2 -1
0 0 0 0 O
2 4 0 4 -2
0 0 0 0 O
1 2 0 -2 -1]

Laws’ energy mask L5L5" is described in the following publications: Laws, K, Textured
Image Segmentation, Ph.D. Dissertation, University of Southern California, January
1980; and Laws, K, “Rapid texture identification”, In SPIE Vol. 238 Image Processing
Jor Missile Guidance, pp. 376-380, 1980.

In step 2920, the convolved energy image is normalized to occupy the complete (full)
gray scale. The convolved image is normalized to have gray scale of 0 to 255 if the

image is 8 bit, or to full scale based on the number of bytes used to represent the image.
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1-20-2-1] 10 Laws' energy mask L5L5T is described
in the follow ng publications: Laws, K, Textured
wo pge48egent ati on, Ph.D. Dissertation, UniveP&i/8§2006/000292
Sout hern California, January 1980; and Laws, K
"Rapid texture identification", In SPIE Vol. 238 I mage
Processing for Mssile Quidance, pp. 376-380, 1980.
15 In step 2920, the convol;éed energy inmage is
nornmal i zed to occupy the conplete (full) gray scale.
The convol ved |nage is normalized to have gray scale

I
P A R ot TPRE pldlld ¥ bl e
Libsigad MA@ smﬁ‘/eﬁetgwﬁsm@mtps@w@/ 000292 -15 Figs. 3A
and 3B illustrate the convol ved, nornalized energy
i mages obtained using the L5L5T and Mod S5EST ener gy

ITAGKID22 ) the ROE (definddyin step 28143 in 1O DAV dice corBiinipeltheiinfagt isn
t 1 contai nj il
sclectfl ooh el ibRteo ol Pt i o B8 rolALALy it
sdﬁ@é x‘gglf@n edn Kehﬁed:@r th‘é ebsolved ,endrgplm@ambfr ﬁegnenprommg; eFi 1g
use or 0 n V es 0]
o30St o RI0 YOS S B RO b B 1
eﬁéﬁgy IBQk |F[%< uB eu@&az%me llel 920 obiia] 4)ﬁ§bpa&te|t§g Rigp amﬂmmes a
| ustr es tnhe
qusaé%’éﬁ selegt g;%}zoﬁp ¢ enesey PP%%P&’%‘F@Q “&“E%ﬂ%gé%s nékey

m, G}qs% 4D 8uffkesithb R@Fﬂ?@ﬁ)@F@MCW@t&W ai ned using the
Mod- SBEST energy 10 mask. Fig. 4D illustrates the RO

470 of Fig. 4C separately. In step 2924, an initial

III Qé Q! 0, ihBiaOBfesHdR ﬁ%gterrﬁﬁéh hRd ﬁtsﬁ? 2998 6n Mktial nghieﬁ’ﬂatlon
mentation of the energy inage ce |s perfo

oﬁ@e uprgshimage ﬁlulqeu1werﬁ0ﬁn%§ﬁmgdhatmﬂlﬁlﬁliﬂ§s®%dag°é thig sfage, B‘P“ of
thgl?g?&e r%@&ﬁs r?ﬂ&x%ﬁ there ISt WG thféraﬁé 8f hrfifatsiok theMfarct regions.

ce o acts or the infarct regions. 15
T}]ﬂsusrefcs;red e$ at miil segmamfation; tUsang adugiperanof ﬂ@,ROILgle% skjce,

hi.st.0 t
o GE B Sy Sy B e
slidee OmBengyy 1magg alicesit ¢ a tme lsﬁmed torremgye ihﬁégé(gmlm@@f the a
1r}d1v1 uai §the Sfor all sgrolze RS dntfy en%?g%lklg{agé' ﬁge.?;re h&% for background

removal.

Fig. 5A illustrates a histogram of the ROI for stroke, tissue and background for the
LSL5T energy mask. In the histogram, the number of occurrences of intensity values in
the ROI of the energy image slice is plotted as a function of the intensity values. If the
original image slice is convolved with the L5L{5T energy mask, the first peak from zero
in the energy image slice is found. The background appears dark. In the range of
intensity values between L1 (e.g. 0) and L2 (e.g. 50), a large peak is readily identifiable
as background. This is followed by a smaller peak between L2 (e.g. 50) and L3 (e.g.
100), which corresponds to normal tissue. Above L3 (e.g. 100), the range for stroke is
depicted. Starting at the first peak near zero, the minimum point in the vicinity of that
peak is found. This is the cutoff point (CP). The CP is used as the threshold for



i ndividual slice for all stroke slices. Only energy

i mge slices are used for background renoval. 20 Fig.
W®G2008104193¢ r at es a hi stogram of the RO for strP&RESG2006/000292

ti ssue and background for the L5L5T energy mask. In

the hi stogram the nunber of occurrences of intensity

values in the RO of the energy image slice is

plotted as a function of theg.intensity values. If the

original inmage slice is convolved with the L5L5T

energy mask, the first peak fromzero 25 in the energy
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Tﬁg 9{591%% ﬂ'g%lf-rgﬁ 3" {gac% gflcje%\f‘@f% 0&} S%&ms%z kﬁeglg?tpgrg% 1?&(&9@ %Hd
thedirstgpkalt pesiion aboke cuheanlg@ny ovalye of 309 is lodateds Elhg emﬁi% threshold
pg}g{@p tﬁ'e h d[e am 1se gxen %uﬁﬁ tw c%&lcg : ﬁ?{ f)c/) r7§§/0 LI glg@{lue,

mum pol nt
aﬁﬂﬁkvnlnsF 1ng531 dT heTlh;BlScan sralyhlas pertatdge pﬁ%ﬂ dep@ding ofithe CP

as the thresho f 0 94
SqREaF R Gy 2l T8 o I R il 00 Bpenpsicy
vili& Boas tHy Ip diagehskieted etrokélvelups. xel s above the cutoff
point (CP) are used, and can be identified as a
Background renoved volume (BG Seg vol). This is shown
Thble Eiligts pSlddodoas fog difarisihg the etdrgy ieagBElideagingahe thickisold Ip.
hi stogramis found, and the first peak position above
the intensity value of zero is located. The initia
threshold 5 point (I1p) omaRh® histogramis then found
—which corresponds ta 75%of the peak value as shown
in Fig. 5B. The user can vary this percentage (75%
dependi ng on the tati ~equi renents. In Fig.
SB, the Ip is jugf e?ﬁaﬁﬁg(pgfgagloo). The intensity
val ues above the | plnifrsegdogdi,dered stroke val ues. 10
Table 2 lists psey?ocode for binarizing the energy
i mge slice usingthe threshold Ip. TABLE 2 If Init

seg_ing (i, j) >= Imit sbf imgit, jseginm (i, j) =l

end

Pixels (i, j) of the energy image slice with an intensity value greater than or equal to Ip
are assigned a binary value of 1 (stroke ;ange), and those below Ip are assigned a binary
value of 0. This intensity Ip is used for initial segmentation in step 2926. All pixels of
the energy image slice above or equal to this intensity Ip are considered to find the initial
segmented volume (Init_Seg_vol). The pixels can be labeled using an 8-neighborhood

and evaluated for their sizes.

In step 2928, if any region is below the predefined minimum threshold of step 2916, that

region is removed from the segmented areas of the binarized energy image slice. Fig. 6
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else Init seg_inmg (i, j) =0 end 20 Pixels (i, j) of
the energy image slice with an intensity val ue greater

wao b@s/oerv4equal to Ip are assigned a binary var@ES©1004/000292
(stroke range), and those below Ip are assigned a
binary value of 0. This intensity Ip is used for
initial segnmentation in step 2926. Al pixels of the
energy i mage slice above orj-equal to this intensity Ip
are considered to find the initial 25 segnented vol une
(I'nit Seg_ voI) The pi xel s can be | abel ed using an

hhor h eval T ste
1“;&?33 TRl e?‘é‘a“ o“gSlPS . i&?ﬁ?ﬁ&f"ﬁfh 5 ‘eg‘{“g‘f:%ﬁ"d‘ e
binhizg ebasaig. St ep 2916, t hat region is renoved fr om
the segnented areas of the binarized energy inmage
slice. Fig. 6 WD 2008/041946 PCT/ S&006/ 000292 -17
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renoved vol ume (BG ) shown In
Bl ig foum;m tho histegoam, sthichecogesponds ts@% Timeak Yahee of the tissue

[
P SPLATA @, S 2T LIRNS Woh. B8R PRI O defBfhee
(stp)depmding onthel seghérgativingequirements. whikepbitycalycs dplowdhe kpdorm
759%gf t he peak value of the tissue peak (between L3

) and L2 (e.g 200)). Again, the user can vary
thi s percentage

Table 3 lists pseudocode for binarizing the energy image using the initial threshold point

Ip.

TABLE 3

If Init_seg_img (i,j) <=Ip
Init_seg_img (i,j) =1
else
Init seg_img (i,j) =0

end
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15 (75% depending on the segnentation requirenents.

Intensity values below the Ip form the stroke range.
WaaBe4344 i sts pseudocode for binarizing the ePer/§§2006/000292

i mage using the initial threshold point |Ip. 20 TABLE

3 If Init seg_ing (i,j) <=1p Init seg_inmg (ij) =1

25 else Init seg ing (i,j) =0 end WO 2008/ 041946

PCT/ SG2006/ 000292 -18 Pixgks (i, j) of the energy

image slice with an intensity value | ess than or equal

to Ip are assigned a binary value of 1 (stroke

range), .and those ahove . j oJ!
P o af B cocie s IR Sta G RE SHEP B Bl o 1p e
assigh@nsbitaty biluasf Eooleiraegelcnd thobd abdve Ipearé arsighed a binary

t .vol I ni S ) ] i a. g .
ST L Qs Bl G
seBmERiEd 0slRng mnig_@s?g_xro;e)s u]Fitgi mgl_uﬁwamerzmgmdiei_tﬂal segmbmgd}gice in the

F ocess|] naq. errin . .
RB] i BE M. SSEe b ol e by ahe By, | e

Wl thi al segmentati oln (Init Seg vol) are | abel ed. For
each energy _imge slice in.t I nit | 60Q, 800
R§Erpe Bk, b et b e i e

of th&inkfd SRRRRGERAINIE SbO NO]) afcHlabeddde IFofleath Bnagytindagd slide in the
[ 9§,§%and Q%p(f(;r_ L%_S‘I)' and M T r.gebgnﬂjatg

Initrie el O F00 G- Gerl B g BD TP ER PR et P BPe.

combéoted BHBAL rOLbAGFILS GRIPANR IFICFS‘ JAhendupfeeLspsT dnabel ed
regions is "N'. Figs. 10A and 1 OB show histograns.

MeodrSSESparraeatiyely candithe raneaero mineR@dnd BgRigNE Hiypetan tins are
£oBRErVREN Sofpdnent. "ERRSHbENG 1dbelel Regions is “N”. Figs. 10A and 10B

show histograms corresponding to different labeled regions for L5L5" and Mod_SSE5”,

respectively.

In step 2932, the final threshold is determined, and in step 2934, a final segmentation of
the energy image slice is performed using that final threshold. Fig. 11A illustrates five
histograms of regions of the initial segmented image (regions 1 to 5 for Fig. 9A), which
are used to determine the minima of individual histograms for the L5L5T energy mask.
Fig. 11B illustrates four histograms of regions of the initial segmented image (regions 1
to 4 for Fig. 9B) which are used to determine the minima of individual histograms for the
Mod_S5ES" energy mask. With reference to Figs. 11A and 11B, the difference of
maxima and minima as vector R is found depending on which mask was used as shown
in Table 4. Difference of P_max in case of L5L5" (P_min in case of Mod_S5E5%) of
different histograms are elements of Vector R . Table 4 explains Vector R, where vector

means a list containing more than one value.
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Fig. 11A illustrates five histograns of regions of
the initial segnented image (regions 1 to 5 for Fig.
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Fig. 11B illustrates four histogranms of regions of the
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findh ctessholddls.| F) . 10 TABLE 5 1f L5L5T is used, IF =T *
(PMt1l) max, where T is the paraneter for controlling

the type of segnentation. A default value is T = 1,
but can be set between [WABLEL 2]. A value of T less

| | ndi | Lon ot

IfL5L5" is used, Ir =T * (PM+1)pax, where T is the parameter for
controlling the type of segmentation. A default value
is T = 1, but can be set between [0.6 , 1.2]. A value of
T less than 1 indicates under segmentation, and above

1 indicates over segmentation.

If Mod_SSEST is used, Ig =T * (PM+1)msy , -where T is the parameter for
controlling the type of segmentation.
A default value is T=1, but can be set between [0.6 ,
1.2]. A value of T less than 1 indicates under
segmentation, and above 1 indicates over

segmentation.




1 indicates over segnentation. If Md S5E5T is used,
IF=T?* (PW1l)nmax , where T is the paraneter for
W@ ousH0oloké ng t he type of segnentation. A def auPCT/s62006000292

is T=1, but can be set between [0.6 , 1.2]. A value

of T less than 1 indicates under segnentation, and

above 1 indicates over segnentation. W 2008/ 041946

PCT/ SG2006/ 000292 - 20 Figsy_ 12A and 12B illustrate
determ nation of the final threshold or cutoff (IF)

for L5L5T and Mod_S5ES5T, respectively. Pixels above

| F are f d.for t ener qy ' T
Fle B 4l BB TS by o PBIR Y Byt o5
arkBio8 IRolS T tripedtivelyl Piselgaterve dgarb iformdyfor thecpoergy dnasksgloLS,
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oA b rpciomih o oty it B0, 3B, R Rl 0l £l
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sgﬂéﬁtl@d SnRf0¥nagBakd Fih 341% Ghe@goiidgbwsbide theyinitlatlBOL ked the final
I nal segmentation_as sho in.Frgs. 13 and.l14.. 10.Th
SOEBIeTISH G BB BEISn Ry THoMPBuE} SPCTEATHET egTs RO Rpine, P
yleldd e FHAEBALRAIdNEYRown m FBAIB and Mar i ance; -
Skewness; - Range (width); 15 - Kurtosis; and -
Fractal dinmension. In step 2936, the results are
THOFOBW R finlrBs HAELOfoRRNFbr A trékiord 3nabe ihal Edgitented ihdye:
“manual 'y segnmented stroke region given by an expert”.
G ound-t rMedts are the standards 20 agai nst which the
al gorithrpg.results are eval uated. Processing

termnates aftér step
- Skewness;

- Range (width);
- Kurtosis; and

- Fractal dimension.

In step 2936, the results are compared with the ground truth. Ground truth is the
“manually segmented stroke region given by an expert”. Ground truths are the standards
against which the algorithmic results are evaluated. Processing terminates after step
2936. ROC curve analysis of artifacts and ground truth is performed for regions = 100
pixels. The original image yields area close to 0.5 (See Table 6 and Fig. 15) under the
ROC curve for all the parameters described above.  Table 6 lists the Area Under the
Curve (AUC) with standard error (SE) and confidence bounds for the original image.
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. 25 WD 2008/ 041946
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EVenolfag | ower
(see Tabhle 7 and Fig

conf{ @ﬁpce bounads GhEsS
16) far es par an
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Karsisal di nensi0grd8-e 0.623 (.

s 0. 544-0. 6P 463/0.025 -e

[ D e c\ G Z022 N U\J4 O 723 a) OE2
Fractal dimension o' | 0.681 0.043 0.603-0.751
Width_o (Range o) | 0.640 0.043 0.562-0.714

However, the energy image yields increased area under skewness, width (range) and

variance. Even the lower confidence bounds are = 0.7 (see Table 7 and Fig. 16) for these

parameters.
TABLE 7
AUC SE 95% CI

Mean_e 0.537 0.045 0.457-0.615
Variance e 0.771 0.036 0.699-833
Skewness e 0.856 0.029 0.792-0.906
Kurtosis_e 0.576 0.045 0.497-0.653
Fractal dimension e { 0.623 0.045 0.544-0.697
Width_e (Range e) | 0.793 0.034 0.723-0.852

The dot diagrams in Figs. 17A and 17B show that most of the artifacts (represented by
zeroes) tend to have smaller range(width) and variance of intensities although stroke

regions tend to have a distributed nature (in other words, stroke most probably has a
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of the artifacts (represented by zeroes) tend to have
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al t hough stroke 15 regions tend to have a distributed

nature (in other words, stroke nost probably has a WO

2008/ 041946 PCT/ SG006/ 000292 -22 |arger range).
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regions (artifact+stroke) 1nplying that those regions

do not deviate nmuch fromnormality. Consequently, one
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c@mhr&itg.ongmﬁlmiam the 20 correspondi ng histogramw th
curves for the energy mask 2020 and origi nal inmage
2010. Il11. Diffusion Wighted T2 Image For an
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cTapRA N BN e o sy Mk a0 T BEL M sRheg S0
Fi£524C chowr3 s&ake dd ndfirdl tlfssmeS@dﬁﬁma ROIGi0B0,und Big. 20D glivivethe

2 1m .
correspond?neg hlsﬁég%am %v]i’chScrllrov\évéS for theI energy mask 2020 and original image 2010.

IIL Diffusion Weighted T2 Image

For an introduction, please refer to T. Moritani, S. Ekholm, P.-L. Westesson, Diffusion
weighted MR imaging of the brain, Spinger. ISBN: 3540253599. The method 2900 of
Fig. 29 can be used to segment a diffusion weighted T2 image. Fig. 21 shows a slice
from diffusion weighted T2 image. Fig. 22A shows a ROI (indicated by white box) and

Fig. 22B shows the ROI as a separate enlarged image. Fig. 23 shows an energy image
obtained by convolving the original T2 image with the Mod_S5EST energy mask and
normalized to have full gray scale. Fig. 24A shows the ROI 2400 in the energy image of
Fig. 23, and Fig. 24B shows the ROI as a separate enlarged image.
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fromdiffusion weighted T2 i nage. Fig. 22A shows a RO
(indicated by white box) and Fig. 22B shows the RO
Fig. 23 shows aPCERE200§/000292
i mage obtained by convolving the original T2 inmage
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full gray scale. Fig. 24A shows the RO 2400 in the
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renoved fromthe RO by first determning the cut off
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Offfi BbRINeaBY ﬁndlﬁg Rlesir ﬁlhﬁ{asﬁ&lbpl aed ﬁ[%l#ér BiesBbd' AR OfR2 is

initial segnented i mage. TABLE

obtainedyhy findipghe first }naxmlad'mm tbpfbaclﬁrqund cutaff poangaPn{Feire 25B).

Tﬁﬁf@g Bist the delinifiort of B ﬁﬁfﬁa‘i 086 m ré?) =< Qut O f2,
where i and | represent e row and columm of the

i mage, O herw se Inltlal-segrrented lmage (i, j) =0
Fig. 26 shows the initia nted slice foll ow ng
IR

bi nari zing. Figs. 27A an re a labeled initial

segnent ed i mage conprising | abel ed different regions
d the 20 .c rres hi rans of the dlfferent
If?‘g“ﬁf%' nimage(is He \"i Qi‘f? é‘gné‘fﬂ egpeniRd Image (1, 7) =
Energy_image(i, j) =< Cut Off2, where i
and j represent the row and column of the

image,

Otherwise Initial segmented_Image (i, j) = 0

Fig. 26 shows the initial segmented slice following binarizing. Figs. 27A and 27B are a
labeled initial segmented image comprising labeled different regions and the
corresponding histograms of the different regions of the initial segmented image. A
difference vector R is formed, as described above in Table 4, and the final threshold is
found as described in Table 5. In Fig. 27B, curves for regions 1, 2 and 3 are shown along
with the calculated final threshold. This step yields final segmented image as shown in
Figure 28.
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difference vector Ris forned, as described above in
Table 4, and the final threshold is found as

walemsoitdedd in Table 5. In Fig. 27B, curves forPCESGLING000292

1, 2 and 3 are shown along wth the calculated fina
threshold. This step yields final segnented innage as
shown in Figure 28. WD 2008/ 041946 PCT/ SG2006/ 000292
-24 Since CSF and stroke rggions have a region of
overl ap, the segnentation cannot isolate CSF regions
conpl etely. However by adjusting the paraneters, the
algorithmcan do a better job. 5 In general, the
above al gorithm can al so be used on original images
Sitlce @%F 4nd sfrokeniemns haye alrégiGf oxendpetha seameaiation gugot igglate
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offral . ti ssues n i.n noisy slices see Fi 0. .
B ot B i B8 o BRI S 5P peh BRe ) © e
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and a stroke region are de-correlated in a nuch better
THESMBodirkdRes FARY i8YentibR 6@ différbhtfated Sormalibsweosuite frdni S8 ureke
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higﬁgl'aﬂlg sIRR & EhEAH b synSRHR Sfurd R nbible isdu@§@Rn in noisy slices

Istribution of intensities. Thus, based on such,
(spe Bige3®)i Ehis cenvepiien he prtaided 1p dffersRtiai At ent aorgytissue
re%g)ﬁl%gf a Ktk Qbion, BRESRE thd éﬂ?c&rﬁ%ﬂoﬂﬁ&g@% g ln%h(a@ﬁé%ué‘ region

tissue regions in I mges. 2 Comput er
andear e wegibh arendsrdoowglatsd is @ grveln botieh WRY) frethe eRer ghimgep\rtifacts

af\gﬁ?}lﬁ%gﬁ tfmfé?] gﬁd ltJTpAvg ggl%vﬁ% efrRARY %ﬁBoth&insttﬂﬁﬁi%n ofi 0.

a schematic representation of a conmputer system
inB@eifiesofonmatey pestrdkas having an irregular, complex and wider range distribution

of intensities. Thus, based on such properties, the segmentation algorithm can detect

stroke regions, normal tissue regions and stroke + normal tissue regions in DWI images.

IV. Computer Hardware

The method of segmenting infarcts in a DWI volume may be implemented as computer
software. Fig. 30 is a schematic representation of a computer system 3000 of a type that
is suitable for executing computer software for medical image processing as described
herein. Computer software executes under a suitable operating system installed on the
computer system 3000. The components of the computer system 3000 include a
computer 3020, a keyboard 3010 and mouse 3015, and a video displéy 3090. The
computer 3020 includes a processor 3040, a memory 3050, input/output (I/O) interfaces
3060, 3065, a video interface 3045, and a storage device 3055. The processor 3040 is a

central processing unit (CPU) that executes the operating system and the computer
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((I)}/ggg I nterface 3065 using a conmuni cation hannel
reg

o porighlewiorage maadivmn, 4 Which c3set the FIPUR geitwarg grogram is
adeOBYh A %gﬂfl%dr’éﬁ&rs srggﬁ\%hﬁ 08P troh BEMNHFR RS PI3 Adbinttively, the

stora ich case, the conputer software

cqpuptgraoftware candeassassedsireeticlrenn s drtermnes3A$0 dintTormpries m
362'(‘)?Insettit%racg§e ?ﬁye'r &n iﬁ%'l:’agt wi% Eh%rc[;ﬁgﬁtg% Ytem!3080 ﬁéng the
conput e i y

I software can be accesse ectly fromthe
kdybbard 3810 8i08fbusy3Q13¢o operpa therpro2@m@ed ¢ompuiter lieliwara s¥scuing

user can i ragt w th '
o g o5 O e SP SR P 8ol iy
wpll agilasresedute osmptitarsofwhielat essisisan implegenting thertechniques

co er . 3020. OQther configurations or types of
des systens can be equally well used to execute

conputer software that assists in inplenenting the
t echni ques

A small number of embodiments of the invention regarding methods, apparatuses, and

systems for segmenting an infarct in a diffusion-weighted imaging (DWI) volume have
been described. In the light of the foregoing, it will be apparent to those skilled in the art
in the light of this disclosure that various modifications and/or substitutions may be made

without departing from the scope and spirit of the invention.
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20 described herein. A small nunber of enbodi nents of
the invention regardi ng net hods, apparatuses, and

waymBem4d or segnenting an infarct in a PCT/SG2006/000292

di ffusi on-wei ghted i magi ng (DW) vol unme have been
described. In the light of the foregoing, it will be
apparent to those skilled in the art 25 in the |ight
of this disclosure that vapgous nodifications and/or
substitutions may be made w thout departing fromthe
scope and spirit of the invention. WO 2008/ 041946
CE 32006/ 000292 -26- CLAIMS W claim 5 1. A nethod
segnenting an infarct in a diffusion-weighted
|wag|ng (DW) volume, said DW vol unme conprising a
“p Erallty of slices, each slice conprising a
ﬁl rallty of pixels formng an original inmage, said
nmet hod conprising the steps of: selectlng a Regi on of

Interest | east :

vol tre. - AAEaphpfisBlpeaah e iyt e Maging
(DD droRte, m"DWISthgleabxﬂpaaag a plupadityt ofticasf eacli gli®apuhprising
= Ppecer st P o o dgtes: 1 el FEiog bl

nunbelectidg me/gairﬁofmteﬂemqm;[)rig a‘aﬁasem&rsyye omm W Iwolsmed

sel ected, slice, (g tmal i zi res tlng neggy
copigRE Sine i Lo R a0 Pt et Ao P
safifdlide;RO i n said convol ved energy inage; deternlnlng

a threshol d for el.imnating.the backgr

d;, .
det eeleptingrytheeshaldfor p rmippmesizedf gn indi gbreégﬁi saiddreshilbs

Spga é@n&ﬁuﬁ%bgﬂd%elswthout a background region,
and performng an initial segnmentati on of sald sllce

usi rRgnvelEing ap pRergynask i) Salect%ﬂ}cs’t?@# pagnalizmespidual
[ tion of said slice;
rean@%g%mé e B3kiply &éa@fmeaeggwme

Ing a |na t hreshol d usi ng hi stograns of
| abeseledtingaisoR@hin said tonvalvgd energy image;

determining a threshold for eliminating the background;

determining an initial threshold using a histogram of said ROI of said slice
without a background region, and performing an initial segmentation of said slice using
said initial threshold;

labeling individual components of said initial segmentation of said slice; and

determining a final threshold using histograms of labeled components of said
initial segmentation, and performing a final segmentation of said slice using said final

threshold.

2. The method according to claim 1, further comprising the step of reading

said DWI volume into a computing system.

3. The method according to claim 2, further comprising the step of reading

said DWI volume into a computing system.



initial segnentation, and performng a final
segnentation of said slice using said final

wo booedkioke. 25 2. The nmethod accordi ng to cl ai PEWSG2006/000292
further conprising the step of reading said DW
volunme into a conmputing system 3. The nethod
according to claim2, further conprising the step of
reading said DW volune imgo a conputing system 30
WD 2008/ 041946 PCT/ S&006/ 000292 -27 4. The nethod
according to claim2 or 3, wherein the dataset of said

DW 4 vol egmfﬁi | Aaim W54 8! whlré thAhsOWFREE DT
gr ay4'scaILig§.n9 ) céﬁkﬂgﬁau&ccor él‘l”ﬁg to cl aism 1,
voitiee edmprisas sizdR@bxel sizé epd nuahres pbgrey s®leacr oss two or
nore slices of said DW volune. 6. The net hod
according to claim1, further conprising the step of
varyi.ng TaingktiOactmdieg toorteimt 1, wbersin seiddR @ is jseps iconstant
and size of an infa in.said slice of said DW
> a‘if%ﬁsﬁ‘?{r%f)rTﬁrefacefﬁgs%}éﬁm&m}mun%cbr ding to claim®6, wherein
a graphical interface tool permts a perineter to be
dra arqund the RO .. 8 he t hod accordi to i
. . £GhBdY
1, x:er ei e e:}rtboﬁlaffoé‘am%g) ame%r%n nsm%%ﬂ% epo
sdidRODbased onvhi 1Bass Grietbf poditiai #d sizb bfa infirct Theniddich ofisaid DWI
ccording to claim8, wherein said nodified Laws'

VeW8Ef-gy mask Mbd S5E5T is: [ 1 -2 0-2-1 00000
10 2-40-4-2 00000

7. The method according to claim 6, wherein a graphical interface tool

permits a perimeter to be drawn around the ROL

8. The method according to claim 1, wherein a modified Laws’ energy mask

15 is convolved with said selected slice.

9. The method according to claim 8, wherein said modified Laws’ energy

mask Mod_S5E5" is:

-2

O N O
'
i

o 0 o © o

20
10.  The method according to claim 1, wherein a Laws’ energy mask L5L5"is

convolved with said selected slice.
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1-20-2-11]. 20 10. The nmethod according to claim
1, wherein a Laws' energy mask L5L5T is convol ved
wowdok/oseited sel ected slice. WO 2008/ 041946 PCT/SG2006/000292

PCT/ S&2006/ 000292 -28 11. The nethod according to

claim 10, wherein said nodified Laws' energy nmask is:
L5L5T = [ 14641 416 24 16 4 6 24 36 24 6 4 16
24 16 4 1 4 6 4 1] 12. Thezget hod according to claim
1, wherein said RO in said“Convolved 5 energy inmage
is the sane as the RO in the selected slice. 13. The

met hqd acgpr di to cl.ai . Wherein said convol ved
ener 33 i rrglgeemeggd ﬁ%clof‘fiﬂg {Zr’]ecia"l"% ﬁg‘geﬁ’r %ﬁyid@e%ﬁs LEWY qngrey
m4skis: 10 14. The nethod according to claim1, wherein
sai d background is renoved from said histogram used
to determne said initial threshold. 15. The net hod
I25666r=di ng to claim 14, furgheg canpyising the step of
finding a first peak dependent upon said energy mask
convol ved wth said ori‘bi =y 21"m§6e.“15 16. The net hod
according to claim15, dussiheg ognpgi sing the step of
finding a mninumpoint in the vicinity of said peak
used as a cutoff point Lstdl & Ad6tHteshold to renpve
background pixels. 20 L47. glheg rreahopl] according to
claim 16, further conprising the steps of finding a
first peak in said histogramw th said background

renoyed apd Hfidhsh Q&oﬁﬁigdtoi Qi f‘,l wherein said ROI in said convolved

energy image is the same as the ROI in the selected slice.

13. The method according to claim 1, wherein said convolved energy image

is normalized to have gray scale of 0 to 255.

14 The method according to claim 1, wherein said background is removed

from said histogram used to determine said initial threshold.

15.  The method according to claim 14, further comprising the step of finding

a first peak dependent upon said energy mask convolved with said original image.

16.  The method according to claim 15, further comprising the step of finding
a minimum point in the vicinity of said peak used as a cutoff point used as a threshold to

remove background pixels.

17. The method according to claim 16, further comprising the steps of finding
a first peak in said histogram with said background removed and finding said initial

threshold point (Ip), which corresponds to a specified percentage of the peak value.



t hreshol d point (Ip), which corresponds to a specified
percent age of the peak value. WO 2008/ 041946

wWEANBERMO6/ 000292 -29 18. The net hod accor di PGI/862006/000292
claim17, wherein said specified percentage is 75%
19. The nmethod according to claim17, wherein said
specified percentage can 5 be varied dependi ng on
segnent ation requirenments. ,80. The method according to
claim 17, further conprising the step of binarizing
said energy |nage using said initial threshold point

i ot ot el B SBal el ot Mkt B ldo i

78%.npri ses the step of flndlng non-zero m ni num and
maxi mum hi stogram bins for each | abel ed conponent.
22. The nethod according to claim?2l, wherein said
st ept SOf Ak @fethiod ncvgrding 10 claith 177) widreit baié sprolftd panprtageesn
t he, e f determining the mnima of individua
5 beyazieg gp ng°%§%“$ﬂ%uﬂgTﬂﬁﬁn§3§ording to claim 22,

wherein said step of determning said final threshold

anc A nf P Song oRAR 17 SR ABBBTOTSGe OO P
bﬁ&%ﬁﬁf@%rg%ﬁ?e uéidg d4d inltng tHredhbRIGoag ger ding to claim

erein said vector Ris: If L5L5T is used, R -- |
(P2m - P | max) (P3max - P2max) . .
10 - - 2K F’Nrm nietHoBadcolig t claﬁmwb@h&éiﬁfﬁldlsep @saaem&mg baid
(P2Zmn - P 1 mn) (P3mn - P2n1n) ..............

figabpreshold cpmpriges ﬁye]step%ﬁndmen%%%au%&eraa# HRPXR | ai m

step of sorting said
hideraln i 16F L0 IBESLAMAER. ! D Lo 2008 041046

PCT/ SG2006/ 000292
22.  The method according to claim 21, wherein said step of determining said

15 final threshold comprises the step of determining the minima of individual histograms.

23.  The method according to claim 22, wherein said step of determining said
final threshold comprises the step of finding the difference of maxima and minima as a

veetor R is found depending on the used energy mask.

20
24.  The method according to claim 23, wherein said vector R is:
IfL5L5T is used, R=[ (P2max — Plmax) (P3max—P2max) -evvevennnn
(PNmax — PN-1max)]
If Mod_SSEST is used, R=[ (P2min—Plmin) (P3min—P2min) -evevreeenre

(PNisin — PN-1pmin)]-

25.  The method according to claim 24, further comprising the step of sorting
said vector R in descending order.

25



-30 26. The nethod according to claim25, further
conprising the step of finding the index point of

W@ 200d/01we¢ or R 27. The method accordi ng to clBCTERB06/000292
further conprising the step of 5 calculating said
final threshold: If L5L5T is used, IF =T* (PMH )m,
where T is a user defined paranmeter to control
segnentation and has a defgult value. If Md S5E5T is
used, IF =T * (PMtl)ma, , where T is a user defined
paranmeter to control segnentation and has a default

val ye. re I,S the index. . '
o dai midy gy pscor it 4 it S PEAT B REPb kg
thBinda paihngf ssidivdcterer gy i mage using said final
threshold point IF. 10 29. The nethod according to
claiml1, further conprising the step of conparing
sai @7f i ndhe s@gHYEAt@EdiI Y0 @fairs 26,dushdrcompiiting He stap of
truth. 30. An apparatus for segnenting an infarct in a
5 ca&qﬁlﬂgﬁ%gf’ﬁﬂitﬁrﬁ%@:i maging 15 (DW) vol une, said DW
IfY 85 R weedIPri si ng a pl uf alT + Phef1)sli,cdrre BR@lusal defired
conprising a plurality of pixels fornm ng an original
i mage, sai d appar at us dﬂﬁﬁF&%FHﬁm“ W@mﬁﬂmegﬂb%FTng
a Region of Interest (Rekutivamat | east one slice of
said DW. vol ume containing an infarct in said
IfdiadgP5R " is Wigde, sai d RAF “CohBMEDme . atherel &2 uger defined
portion of said slice; RAnERARScOnEb] #eheMkdAGng has a
threshold for a mninmumsize of an infarct region,
said threshol d specif yeRylt¥alie-ni num number of pi xel s;
wﬂ?é‘ﬂfisfﬂ?é'iaﬁ&r.‘vm ving an energy mask with said selected
slice, and normalizing said resulting energy inmage to
occupy a predefined gray scal e;

28.  The method according to claim 27, further comprising the step of

binarizing said energy image using said final threshold point Ir.
10
29.  The method according to claim 1, further comprising the step of

comparing said final segmentation of said slice with ground truth.

30.  An apparatus for segmenting an infarct in a diffusion-weighted imaging
15 (DWI) volume, said DWI volume comprising a plurality of slices, each slice comprising
a plurality of pixels forming an original image, said apparatus comprising:
means for selecting a Region of Interest (ROI) in at least one slice of said DWI
volume containing an infarct in said original image, said ROI comprising at least a
portion of said slice;
20 means for selecting a threshold for a minimum size of an infarct region, said
threshold specifying a minimum number of pixels;
means for convolving an energy mask with said selected slice, and normalizing
said resulting energy image to occupy a predefined gray scale;

means for selecting said ROI in said convolved energy image;
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means for selecting said RO in said convol ved energy
i mage; WO 2008/ 041946 PCT/ S&2006/ 000292 -31 neans for

wa@ledosomoné ng the threshold for elimnating thePCT/SG2006/000292

background; neans for determining an initial threshold
using a histogramof said RO of said slice without a
background region, and performng an initia
segnentation of said slice ;ysing said initia
threshold; 5 neans for |abeling individual conponents
of said initial segnmentation of said slice; and neans

for L Rl . ' hal d _usi hi st ogranms of
| abel i o anfa e Bl R M BB ™ g
per f oreansigr detéinninihg sepitehthatshdd usifig 5 hisbgmini E3aldR OB said

Al d.o f] hold. 10 ._.The . t accordin
8 G ST AL, bl BRI B SEp B e
usiigdaibfitial dhresield; nt 0 a conputing system 32. The

appar, s..accqrdi.ng to.claim3l, .further conpri sing .

means. %%u!ijosrfor ]Cféalrnéé‘&cgwau§ SPEP Gt %slaliiﬂ@“ﬁahegn’ﬁnﬁ&%?f‘p‘ﬁg?‘ﬁg

siystdn 33. The apparatus according to claim 31 or 32,
| ume conprises

wherei n the. dataset aof sai DW vo

o1 7. e o S et I g R e L dhbelzd camponents
of bedd it sciriéRtation, Ahd pétrinmig @l fbaeBRentifieY Fishid $AéesBsaid
d stﬁggﬁ&ﬁgnstant across two or nore slices of said

Eﬁﬁ Oftre. 35. The apparatus according to claim 30,
further conprising neans for varying said RO based

on at_ |east one of posjtion and size of an infarct in

sai olg k| i cEhegppargiys acgopdingfp clpise dPwdurtims comprésingypeans fars

r@@m@ssld MOVE Wolehein® SeompMatE §fsknsai d varyi ng neans
conprises a graphical interflace tool that permts a

perinmeter to be drawn around the RO . WO 2008/ 041946
PCT/ $2 OOﬁ{eQigﬂgrgt%s according to claim 31, further comprising means for

reading said DWI volume into a computing system.

33.  The apparatus according to claim 31 or 32, wherein the dataset of said

DWI volume comprises size, voxel size, and number of gray scales.

34.  The apparatus according to claim 30, wherein said ROI is kept constant

across two or more slices of said DWI volume.

35.  The apparatus according to claim 30, further comprising means for
varying said ROI based on at least one of position and size of an infarct in said slice of

said DWI volume.

36.  The apparatus according to claim 35, wherein said varying means

comprises a graphical interface tool that permits a perimeter to be drawn around the ROL



-32 37. The apparatus according to claim30, wherein a
nodi fied Laws' energy mask is convolved wth said
w@edsotmds sl i ce. 38. The apparatus accordi ng tPCTEGR00%/000292

37, wherein said nodi fied Laws' energy 5 mask Mod

S5E5T is: [ 1 -20-2-1 00000 2-490-4-2 00
000 1-20-2-11]. 39. The apparatus according to
claim 30, wherein a Laws' erergy mask L5L5T is

convolved wth said selected slice. 10 40. The

apparatus according to claim39, wherein said nodified

Laws';~ene [ S::LBL5T. = 4.6 4 1. 16 24 16
4 65 3@%&’1’%%55‘&1% A 1p Slajm 3§’ ‘iliheé"“ha E}Oﬁf’géﬂvf’s FHerey
tegsh i eanvdvedlodtr sdidrsgletted glicei m 30, wherein said RO in
said convol ved energy image is the sanme as the RO in
the selected slice. WD 2008/ 041946 PCT/ SG2006/ 000292

- 33 32. THe apppanahcesrdapcto i §7,tvhegdimbaid BOdiflMESWY Rnergy

sai d convg . image is normalized to have
gray scallgasm?fie—ggé%%. 43. The apparatus according to
cl aim 30, wherein said background: is renoved

[1 2 0 -2 -1

0 0 0 0 0

2 4 0 4 2
0 0 0 0 0
1 2 0 2 -1].

39.  The apparatus according to claim 30, wherein a Laws’ energy mask

L5L5T is convolved with said selected slice.

40.  The apparatus according to claim 39, wherein said modified Laws’ energy

mask is:
L5L5T = [1 4 6 4 1
4 16 24 16 4
6 24 36 24 6
4 16 24 16 4
1 4 6 4 1]

41.  The apparatus according to claim 30, wherein said ROI in said convolved

energy image is the same as the ROI in the selected slice.
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5 fromsaid histogramused to determne said initial
threshol d. 44. The apparatus according to claim43,

wo eooslerddconpri sing neans for finding a firstP@EEs62006/000292

dependent upon said energy nmask convolved with said
original 1imge. 10 45. The apparatus according to
claim44, further conprising neans for fording a

m ni mum point in the vici ni_ﬁ/_ of said peak used as a
cutof f point used as a thréeshold to renove background
pi xel s. 15 46. The apparatus according to claim 45,

further c IS faor. finding a.first ak in
sai d 1 ot SRrRAgaTBAE & Heim b e Rt e e ey
imagais hgrmadied] to havietgray scalb o8 todt58. poi nt (1 p), which
corresponds to a specified percentage of the peak

value. 20 47. The apparatus according to claim 46,
wher d8.n sEhahpppetns ddcedingas claiih 3¢ avhiesein 9backSounkd i€ removed

Fat.us accordi to clajm4d rein said
ﬁ%%g%ﬁléggrﬁlgruéeedﬂ? g%@“m‘&ea%‘do‘@m\?gﬂ‘fe\égﬁﬁe pendi ng on
segnmentation requi renents. 25 49. The apparatus
accopding.to claim46,. further conprising nmeans for
o1 oot PR R e e 5 g ek pomitieing ragens for
finding a fiedt Peqhaiepdndérn upMQam%{fQ‘iﬁa%ﬂ Coivelved#2H 350 8HPRAR2
[

.-34 50. The apparatus according to claim30, wherein
3° nmeans for deternini ng said final threshold
conpri ses nmeans for finding non-zero m ni num and
maxi mum hi stogram bins for each |abel ed conponent. 5
51. Fhe aPiAPREHY aerdnginefairti4s fether gonprismgmesans fai d

AAEAGS niiinuBSoft: H M Odinies 3F id béiR luse%cﬂ{s %%ﬁf?)!f offt U236
nmeans for determning the mninma of 1ndlvidua

thggsheld éq rerpove background pixels.

46.  The apparatus according to claim 45, further comprising means for
finding a first peak in said histogram with said background removed and finding said
initial threshold point (Ip), which corresponds to a specified percentage of the peak

value.

47.  The apparatus according to claim 46, wherein said specified percentage is
75%.

48.  The apparatus according to claim 46, wherein said specified percentage

can be varied depending on segmentation requirements.

49.  The apparatus according to claim 46, further comprising means for

binarizing said energy image using said initial threshold point Ip.
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52. The apparatus according to claim51, wherein said
nmeans for determning 10 said final threshold

waeommpni®es nmeans for fnding the difference of PERBEE06/000292

and mnim as a vector Ris found dependi ng on the
used energy mask. 53. The apparatus according to claim
52, wherein said vector Ris: If L5L5T is used, R= |
(P2max - P In,ax) (P3max -_sg2maje) ..............
(PNmax - PN-1 max)] If Mod_S5E5T is used, R =
(P2n,in - Plnun) (P3ndn - P2Zmn) ...............
(PN - 'l%%"agy raths acdordf to diiGh RPRAERIMIIAREGAS Hir AGetnfning
claimb5b3, fu Pher conprrsing nmeans for sorting said
sajéfinad thrgghold cdaprisas dicans for Grding BE-zehminippa.apd peximum

B LAl t her conprising nmeans for
h%%%ﬁﬁégﬁcﬁéﬁfg%gﬁﬁngﬁsai d vector R 20 56. The
apparatus according to claimb55, further conprising
meang, for. _calculating. said, fi e : :
- Sea e BeApth Ao B ol S 8 hiamg G deinding
said fihal eideshpkircamptisss nteanscfondataymirsegyiie mininiagf imlidddushs a
defaul t val ue. WD 2008/ 041946 PCT/ S&006/ 000292 - 35
hiSPERMY- SSEST is used, IF = T * (PMW1)ma, , where T is
a user defined paraneter to control segnmentation and
has default val ue. where M| he. i ndex. 57 The . .
appatat u hﬁéBWﬁPsnaé’c?rSm@E%ﬁgW%%éw G ef‘hs@}f%%an rzolré;1 Fifgrining
sdi@ARS tHréyholdWonFibes infbgnsSfor findinethg differage ofimanina sad mlinima as

final_threshold point IF. 5
a vector R is found depending on the used energy mask.

53.  The apparatus according to claim 52, wherein said vector R is:

IfL5L5" is used, R=[ (PZmax— Plmax) (P3max — P2max) «evvvvvvevnnne
If Mod_S5EST is used, R=[ (P2min—Plmin) (P3min—P2min) “eveveevnneens

(PNmin - PN“lmin)]-

54.  The apparatus according to claim 53, further comprising means for sorting

said vector R in descending order.

55.  The apparatus according to claim 54, further comprising means for

finding the index point of said vector R.

56.  The apparatus according to claim 55, further comprising means for
calculating said final threshold:
IfL5L5" is used, Ir =T * (PM+1)max , where T is a user defined
parameter to control segmentation and has a

default value.
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58. The apparatus according to claim 30, further
conprising neans for conparing said final

wG@e@spaoad i on of said slice with ground truth. PGRSGA06/000292

conmput er program product conprising a conputer

readabl e nedium 10 having recorded therein a conputer

program for segnenting an infarct in a diffusion-

wei ghted i magi ng (DW) voI_tgPp, said DW vol une

conprising a plurality of slices, each slice

conprising a plurality of pixels form ng an origi nal

[ i d_conputer a duct i.Si i
EMREERET Pt am code nbans For O8Fecting o Req on of

Interest (RO) in at | gusimetetSo emiokiegwentaiongmi fay

vol une contai ning an infar in said original imge,

said RO conprising atJe?aélgtgtaiug' portion of said slice;
whasMiisalic ipdexgr am code neans for selecting a threshold

for a mninmmsize of an infarct region, said

t hreshol d specifying a m ni num nunber of pixels;

conpsit er TR agfaddfuscaeteding andaifrof6, fothendompniging meenseioyy

mask with said sel ected li.C a nor mal i zi ng
biganizing 91 AOPREN dASTASH\ S?‘H’é‘égl tﬁ’(?s}iﬁ)idc‘ﬁ?ﬁ{l}q'é pr edef i ned

gray scale; conputer program code neans for selecting

said RO in said convq]ved ene I mage; . conput e

pr ogiam db8 épﬁ?éaé'l"r“sacf’?famgé? e ﬁﬁ%ﬁ@%ﬂﬁ?‘é@ ﬁ%ﬁa{ﬁs {06 r
cSthfehg 84id ikl béBnenbilioh O QT Wice #&h ¢RI treth. program code

means for determning an initial threshold using a

hi st ogram of said RO of said slice without a

backgy ound.dsak& Progaht pREhHd: @bMbrikingdd \conftitdr réilable medium

segnent ation of said sP| ce using said initial . . .
havingrebasied; thanein 200BPUEn IRgamEY SSEMERIBIE 0 dRfarst n_agfiffusion-

- e | BRBLiiga R 6fudbes,

R ) G T oD A e g g P
ezchislies, compdsiopapliradity pf xpluferniod en prging image, sid eePRYRIng

a final .thresh .using histogranms of | abel ed
ProgrAgHes cgcogliprisgggd initial segnentation, and
per f @miputeg pagfamedde segnelot sddctng a Region of Interest (ROI) in at least

one slice of said DWI volume containing an infarct in said original image, said ROI

comprising at least a portion of said slice;

computer program code means for selecting a threshold for a minimum size of an
infarct region, said threshold specifying a minimum number of pixels;

computer program code means for convolving an energy mask with said selected
slice, and normalizing said resulting energy image to occupy a predefined gray scale;

computer program code means for selecting said ROI in said convolved energy
image;

computer program code means for determining the threshold for eliminating the
background;

computer program code means for determining an initial threshold using a
histogram of said ROI of said slice without a background region, and performing an

initial segmentation of said slice using said initial threshold;
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5 of said slice using said final threshold. 60. The
conput er program product according to claimb59,

WO eooBler4c€onpri sing conputer program code nmeaPSI/$62006/000292
reading said DW volune into a conputing system 10
61. The conputer program product according to claim
60, further conprising conputer program code neans for
reading said DW volume intg a conputing system 62.
The conput er program product according to claim60 or
61, wherei n the dat aset of said DW vol une conpri ses
size, Vo Si ze f
The. (BB BPESF g A gL rei s et C Rt of gt niia
éﬁﬁ&l&txﬁh&aaﬁsﬁ@;ands kept const ant across two or nore

slices of said DW e

or odtEE BB ce Boat ot g i AR Dggms
of Rbled winppﬁ@garcﬁrma adlBal veanaitftion, and pyiforguingsd GnakSignisatation

on_ at | east odnfgréf %&?lltlon and size of an infarct in
oksgidplice PeiRg Bt 90919y 0l une. 65. The conputer

program product according to claim64, wherein said

comput er program code neans for r ses
gk e,

gr apfii-cal ThePRPYISI RIS Proqygt accer T oRRising

cbBph&: (62N cae@uiabls fob eallial saill HWIVRui oL @ﬂnpntlmg sysmm
product according to claim59, wherein a nodified
Laws' energy nmask is convolved with said sel ected

sl i cgy WaRQESHHAE85aRHé RcPiOSINE 2 dim 6(13 ?urﬁﬁr cobl@ising

conmput er program product_ according to cla
compirteri progsath doderresang fos seadingsaid INKT ¥RJumg W@é@% §ystegn.
[ 1-20-2-1 00000 2-40-4-2 00000 1

-20-2 -1
62. The]computer program product according to claim 60 or 61, wherein the

dataset of said DWI volume comprises size, voxel size, and number of gray scales.

63.  The computer program product according to claim 59, wherein said ROI

is kept constant across two or more slices of said DWI volume.

64.  The computer program product according to claim 59, further comprising
computer program code means for varying said ROI based on at least one of position and

size of an infarct in said slice of said DWI volume.

65.  The computer program product according to claim 64, wherein said
computer program code means for varying comprises a graphical interface tool that

permits a perimeter to be drawn around the ROL

66.  The computer program product according to claim 59, wherein a modified

Laws’ energy mask is convolved with said selected slice.



68. The conputer program product according to claim
59, wherein a Laws' 5 energy mask L5L5T is convol ved
wowdok/osite sel ected slice. 69. The conputer prPgr/a6a2006/000292
product according to claim68, wherein said nodified
Laws' energy mask is: L5L5T =[ 146 41 4 16 24 16
4 6 24 36 246 416 24 16 4 1 4 6 4 1], 10 70. The
conput er program product aggording to claim 59,
wherein said RO in said convolved energy imge is
the same as the RO in the selected slice. 71. The
conput er -progr r ’ : in sai
wher&hn e SOk B oH R pr ARG e MBS sid
to have gumiifieddaie’ ofrgy maskME, S5 isThe conput er
program product accor??ngth)cgﬁiq)SQ, wherein said
background is renoved-from sai d histogramused to
determine said initial0thieghold. 0WD 2008/ 041946
PCT/ S&2006/ 000292 -38,73 ;ge copputer program
product according to cfait , turther conprising
conmput er program code aeatms o0 fOnding a first peak
dependent upon said energ S nvol ved with said
original image. 5 74. ihéycgﬁpg&eﬁ%progran1product
according to claim 73, further conprising conputer
program code neans for finding a mninmm point in the
vicinity of said peak wused as a cutoff point used as

a t hggeshohdd chRphBNRYSaRarédicOiedstdpigxetiaim 39 whereinldbaws’
conput er program product according to claim 74,

5  epqrgy Wask Lé canvipdyed vpthsadsplegieb8i*sm code means for
finding a first peak in said histogramw th said

69. The computer program product according to claim 68, wherein said modified

Laws’ energy mask is:

L5L5T = [1 4 6 4 1
4 16 24 16 4
6 24 36 24 6
4 16 24 16 4
1 4 6 4 1],

10
70.  The computer program product according to claim 59, wherein said ROL

in said convolved energy image is the same as the ROI in the selected slice.

71.  The computer program product according to claim 59, wherein said

15 convolved energy image is normalized to have gray scale of 0 to 255.

72.  The computer program product according to claim 59, wherein said

background is removed from said histogram used to determine said initial threshold.
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background renoved and finding said initial threshold
point (Ip), which corresponds to a specified
wpersenoage of the peak value. 15 76. The conpRCESG2006/000292
program product according to claim75, wherein said
specified percentage is 75% 77. The conputer program
product according to claim75, wherein said specified
percentage can be varied dggending on segnentation
requi renents. 20 78. The conputer program product
according to claim 75, further conprising conputer
program code neans for binarizing said energy inmge
using said initial threshold point Ip. 25 79. The
CONpI& er The ognpueqyrogtamn praloderairdigs tooclaigl 3pfugther comprising

wherein said ., conpute rogr.am ¢ :
cBR R AR s PR 1 Py € OREP AR dEpiRAR B aid cnerey mask
chrivoRtdith edid degifaliioagarum and naxi mum hi st ogr am bi ns
for each | abel ed conponent. WO 2008/ 041946
PCT/ S&G2006/ 000292 -39 80. The conputer program
product athg%ﬁbﬁter progréhpidtudiGccottiag e @ziﬁ?ﬁd flTrttmm:nm;gising
- program code ans for. deterni.ning sai i nal. .
COPPEL RESEAR B rm%%,&eé ¢ %Pﬂlmﬁ%&ﬂ g YL s3id poak
uslRta8h BltbirREint MRd 8% Hint&h6If td Reovd BieRgrotndpivgls.ams. 5 81.
The conputer program product according to claim 80,
wherein said conputer program code neans for
det ejgri Nivg cRphted ﬁrﬂéllam}p_'f’dcﬁfémb&diﬁg BPELhiSER4, BiRtheLiteiprising
program code neans for Jndln% the difference o% .
corapuiterarogmn pedsimeenga S finding ¢ §rst peakdn sgid histoepabRHRSAY on
-said Ynifisl- dpoit IwilEP&irBponds to a
b%%gﬁﬁ§¥g3§2§¥%¥wgﬁﬁgS?ﬁ%?ﬁ%é?ghﬁ%ereixhgbid veé?%% R
spesifiedl percGitAT of theppsakvallR= [ (P2max - P | max) (P3max -
P2max) .............. (PNmax - PN-I1max)] If Md_ S5E5T
isused, R=1[] (P2min - P 1mn) (P3mn - P2mn) . . .
76.. .The computer program product according to claim 75, wherein said

specified percentage is 75%.

77.  The computer program product according to claim 75, wherein said

specified percentage can be varied depending on segmentation requirements.

78.  The computer program product according to claim 75, further comprising
computer program code means for binarizing said energy image using said initial

threshold point Ip.

79.  The computer program product according to claim 59, wherein said
computer program code means for determining said final threshold comprises means for

finding non-zero minimum and maximum histogram bins for each labeled component.
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(PNmn - PN-Imn)] 83. The conputer program product
according to claim@82, further conprising conputer

w@e@gnameode nmeans for sorting said vector R PET/SG2006/000292

descendi ng order. 15 84. The conputer program product
according to claim83, further conprising conputer
program code neans for finding the index point of said
vector R 85. The conputer gy.ogram product according
to claim84, further conprising 20 conputer program
code rreans for calculating said final threshold: If
L5L5%n1 S r
deflr%;ed para tué:ﬂrfpro ramoﬂg HMI ﬁ%@?ﬁ%?}aﬁlﬁmﬁ%&éﬁg
cdmprated frogratgede meankiiet dSBEBMIng said sﬁe@l thyeghodd goreprises computer

P%(%Iﬁf? o{%g%ealrlren d%l on aﬁgl has a%@ﬁ%} 8%% 'er to

PCT/ SGZOOG/ 000292 -40 def ault value. where Mis the

i nde 86..The co uter C r

clar e TSR Bioeln iR P BBRIG biafls 6 Hlddh &
compuiter prograiicody meing gorshtednmmg gt fmmlagzeshmd;d g &escomputer
final 5 thres d,.poi.nt,. lF. 87. The copput.er

Dl e et iR L ifeinsg St i SPTRENER oLF AR Ris
fendagheating o Heaned aderyeaks for conparing sai d f| nal
segnmentation of said slice with ground truth.

82.  The computer program product according to claim 81, wherein said vector

Ris:
IfL5L5T is used, R=[ (P2max — Plmax) (P3max — P2max) «oeeernveernn
If Mod_S5E5T is used, R={ (P2min— Plmin) (P3min—P2min) «evrevverrennn

(PNmin —~PN-1 min)] .

83.  The computer program product according to claim 82, further comprising

computer program code means for sorting said vector R in descending order.

84.  The computer program product according to claim 83, further comprising

computer program code means for finding the index point of said vector R.

85.  The computer program product according to claim 84, further comprising
computer program code means for calculating said final threshold:

IfL5L5T is used, Iy =T * (PM+1)max , where T is a user defined
parameter to control segmentation and has a
default value.

If Mod_S5ES5” is used, Ir =T * (PM+1)max , Where T is a user defined

parameter to control segmentation and has a
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-40-

default value.

where M is the index.

86 The computer program product according to claim 85, further comprising
computer program code means for binarizing said energy image using said final

threshold point If.

87.  The computer program product according to claim 59, further comprising
computer program code means for comparing said final segmentation of said slice with

ground truth.



