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- METHOD FOR RETRIEVING A TUMOR CONTOUR OF AN IMAGE

PROCESSING SYSTEM BACKGROUND OF THE INVENTION I.Field of
the Invention 5The present invention relates to a method for retrieving a
tumor contour of an image processing system and, more particularly, to a
method for retrieving a tumor contour of an image processing system that
includes a memory storing a grayscale image and a processor. 2.
Description of Related Art 100wing to the non-invasive image-information
techMduEHHMASHIEY R ERRIECE NG dnd BIH I 642 BtEliZb @ mddical
tools without serious side effect, and an important radiography for
retrieving informatio@ﬁ@ﬁ%ﬁ@ﬂ?gﬁ%@%%‘ﬁrﬁ@ﬁ%agnosis and

edica plicatiqn.. Mare . Since advanced ultrasonography can
' A% ' ‘ -‘4‘-;5“!‘5‘.}5' high resolution, it is widely

?lie in ed'ical e>§amination and diagnosis of tumoral changes. For
16 e Inve

¥

examp e(,) y way ofnalr?glyzing the ultrasonographic image in detail, the

pmperti%gféﬁgsgﬂpﬁvcﬁﬂi@ﬁ ?@ﬁﬁéédt%ngf'ﬁ%@%@%ﬁo&%tﬁ%% a_tumor

ultrasonography can advantageously reduce frequency of tumoral biopsy.
%ﬂl@dﬂiﬁ@%ﬁqa@g@)pr@@e%@@@gsf‘é@ﬂi%hﬂ?hﬁﬁ‘é aftis @ RINGIRAl eewd
0

for the diagnosis of benignancy and malignancy. If the imaging contour of
géu ot obagne difromadinaserndgraphy gaprappseixigaisithetealinciudes a
appearance of the tumor, it is beneficial to promote the accuracy of the
ereminatistonh sumgnay atdheiinitizd stabe pralgsise. researches,
professional doctors often provide the diagnosis of a tumor through
debighettitioncHeRRriistedftdFithe ultrasonographic images are output and
checked. However, referring to the same image of the tumor, diagnostic

variation D@ entQiffdhsnt AIQBHBYBEISE diffiakt OB ERAN ocleRnIque,

ultrasonography becomes one of the most acceptable medical tools without
serious side effect, and an important radiography for retrieving information
from patients applied in clinical diagnosis and medical application.
Moreover, since advanced ultrasonography can provide real-time medical
imaging with high resolution, it is widely applied in medical examination
and diagnosis of tumoral changes.

For example, by way of analyzing the ultrasonographic image in
detail, the properties of the tumor can be easily identified by doctors. Thus,
ultrasonography can advantageously reduce frequency of tumoral biopsy.
In ultrasonography, an imaging contour of a tumor is a principal index for
the diagnosis of benignancy and malignancy. If the imaging contour of a
tumor obtained from ultrasonography can approximate the real appearance
of the tumor, it is beneficial to promote the accuracy of the examination of

tumors at the initial stage. In clinical researches, professional doctors often
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5Therefore, as the technique of computer-aided diagnosis and reading-out
of tumor image develops, the identification of tumors assisted by a
computer is gradually accomplished in clinical application. Basically, the
prerequisite of the examination or identification of tumors is to determine
the site of an imaged tumor, i.e. to determine the contour of the 10 imaged
tumor. Conventionally, the researchers delineate an imaged tumor to detei
mine the contour of the tumor. However, the definition of the image, the
recogritichofithgrreseartharsror thedulindesyrofifoa timbeddidtheer the
operational condition of the researchers all incur the variation of the
deteasinatorpbichisegaicue ohiime tarbehankiathe hlondasiratsife affegtithie
15 examination or identification of the tumor. One of the advantages for
dragHotRRRtheldbsiGuP e dasssHr FaRaR Seprren idiffRieriodiaanpres

pggﬁlgﬁwhotrﬁéow the Iﬁﬁation of the imaged tumor can depict similar or
eVERHRE SO EOAtoH b ¥ % umor. In other words, people are not

ired fully deli b ly 20 "OXI ly depi
the bounB i tHe AimbF it HAKATe i CRHRRY R AR and
' ‘ laorit e
Proyigie g roa! B’x‘&dﬂf%% }ﬁr}ﬁé%?gé‘g; %ﬁﬁ%é#t%m%%%ng?ﬁ%oas&smsted

computer-aided diagnosis e researc

mgdical imaes: ROSaSSINGy ForSxamnled il 987 Mishartiass ehakisaty,

forth Snake algorithm, in which an'initial boundary was detennined first

aihd thesraqueitmalibdundapnivastiegneoulisgadentially by algasthms to
Therefore, Snake algorithm now becomes one of the well-known methods

inlepEdicak ithagetp ol es simg g Shakmatg oeithm dateencalte thtactivercoritdtire
method", currently 5 becomes the most widely used algorithm in the
résegrshtemaedicanivaiemdretsingsparsharkedslioertmantiopgiedipahor
step is to find gut delineation of a region with the minimal constraint of the

drsieisrags S e Rl RsI s AR NS iRsHa AR heE BetTaage.
inside image.to the delineated region. Owing to the minimal constraint and
R GREBCHIHCTD Qoo SRR AR BB b of B e
performs expansign and_contraction Snake.algorithm can .

S g o Tk co i s e

easbragionoandreltieve data Ao ding o afeatiue Qﬁfc&‘é{fgﬂggg}%%‘%he

region based on spatial consecution. The 15 advantage illustra

istaminasen wnianake.algdhRdralied an "active contour method”.
Snake algorithm is suitable to retrieve data from a line segment, a

boundargyrandfalesatbuntgey famitalydsaok thaddathuieceinmensieasdyd
comparison. As long as the initially delineated region is near to the

doyte urcoh thigein teréstingrivnagé, (Bngkeplgontiomkasrvptbpdseation of the
imaged tumor can depict similar or even the same contour of the tumor. In
other words, people are not required to carefully delineate a tumor but only
approximately depict the boundary of the tumor with naked eyes. Then, the
computer can provide the real boundary of the tumor by algorithm. Hence,
the computer-aided diagnosis is invariably highlighted in the research of
medical image processing. For example, in 1987, Michael Kass et al. set

forth Snake algorithm, in which an initial boundary was determined first
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20 a final contour by recursive calculation. As shown in FIG. 1, the contour
of the airplane is retrieved by the conventional Snake algorithm When
Snake algorithm is applied in an image having a clear boundary,
especially in an image having high contrast difference between outside
and inside neighborhoods of the boundary, an acceptable result can be
obtained. However, the tumor image often has an indistinct boundary or
hypoechoicity, or even has no hypoechoicity such that the applied Snake
adgdrithen needgptioaé huadified, tovde ficttide @onteguetaally Gerditythm.
Snake algorithm is applied to investigate the consecution, curvature, and
slbee gradivmtenalgyrdheacie poscimbe eagionshaxmeidekywn methods
surrounding an predeteimined point. However, if the regions surrounding
tlﬁ’é‘ﬁ% I B P Bt aketindistinct, the search result of the regions
surrounding.the predetermined pojnt js poar in Snake algorithm, If most
regions SHSArAEG ALY bretiiriRRY AR S TICRaHHcY, SHARRLY
10-algodihm. cannpt propose acespiabie resuly Qniieoheniand Iage
calculating regions surrounding predetérmined point is expanded,
Spakediaritimsaansumesiang ealcuiing e 87 SHRIEES incation
satisfactory results forlarge-scaled indistinct images. Furthermore, the
cafcylation.al SnakerMoakiimieirRe-aseristerconiaum ofap;itiab 1he
region given by the researchers. Once the initial region is improperly
dettreined anddhedndage:isihdisiiicl Snakesatgotitbningidin dtroidip b aihe
outstanding result in the ultrasonographic imaging of a tumor. In
corictusiod, thgioanvdntiongl delheationiofad wmeiraeedsitd beloansfellyhe
made by hands of medical professionals. By contrast, Snake 20 algorithm
réglinestethiegian ARNeHH RS evATOOR 0P baclaak preteteertinets regiension
instead of delineation by hand, and then a subsequent calculation
MoFRIERRE88proaching of the real contour in Snake algorithm.

Nevertheless, if the input initial contour depicted by hand is required. to .
very clo ?h@%ﬂﬁ%o%hr%t%aﬁ%a&bfe ?ﬁy%% %ﬂ%r{niﬁ%el boring
time- mi lineation. s inevitable. .Qn th her hand..if the in
g S e e R R R R Rl o
regiennihe alculatnm ahibe,ARRIRAcing.Is UMespans NG SINaSSNaks.
algorithm falls into no bounhdary Calculation at the same time. Hence, 5
SRkenlgofithetisaobbuiialledo heapplivd Nk ageoywiah is hled an
clear. SUMMARY OF THE INVENTION The present invention
pravidescanmmihad:tho dtribuiig: aligwaohconteuitdilandrage ywdaession a
system that includes a memory storing a grayscale image and a
piocesson 0T he rethbd Yorrstrievieg euanior dynwntcbariimbgand to
processing system that includes a memory storing a grayscale image and
AHRFCEHESNAEINGAB A FPS: efvbligantier tReigibsdslingatatigggion
comprises: receiving an.input tumor contour of the grayscale image;

dERGS R TEBREAr AR ARG RIS ARG PRI SR ERIRtEPropose

Y %‘eﬁ”é&%g}eby recursive calculation. As shown in FIG. 1, the contour of

the airplane is retrieved by the conventional Snake algorithm.
When Snake algorithm 1s applied in an image having a clear
boundary, especially in an image having high contrast difference between

outside and inside neighborhoods of the boundary, an acceptable result can

,-\
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15 grayscale image, wherein the input tumor contour is in the tumor
contour annular region, and each of the plurality of reference segments is
across the tumor contour annular region and includes a plurality of
measured points; retrieving a tumor contour suggestion point on each of
the plurality of reference segments; and linking all the tumor contour
suggestion points on 20 all of the reference segments, for forming the
tumor contour. The method for retrieving a tumor contour for an image
procégsingdystewethat ithel tue®aimegeorftstonirmaa graysoate hmagtaendr
a processor according to the second embodiment of the present invention
deyhprsbeididbeiviry o SUREURBIOSSHBOIET thelg gt Eateapmlige; Snake

defining a tumor contour annular re%iém_ and a plurality of reference

SgRIahe drapds grayscameifiag [vAerish the FstictntdsEdhtolierarrlly.
the tumor contour annular region, and each .of the plurality of reference
R T TRl oD S T (HanS e G and
Hlucgafit oéimr%asurgd p 'réts: 5 re}ri%a\llin%grmodulat @tumorkontour di
S SR ST e PSR O B B S A S S B S GrRshl S Fpnding

linyking g Hag odt|tee lUMOLEQAOUE SYIOERIAR PAIALS eRALAIANE the

reference segments, for forming the modulated tumor contour; wherein
thesmagkiated tusaicartomaaaestiompotppeael it 16rtheplutalibns
of reference segments is obtained by the following steps: normalizing the
aluewfdihih e pasivedmoists seitheseterenceSsagmeantoethieved byast
moving variance retrieving method, the value of all the measured points
ongheisefersncedagnientreine peetibiernuont asoatsievingnoisthod, threake
value of all the measured points on the reference segment 15 retrieved by
RHEstatee reddhgPRntRl, Inespipideonanulia nidasdbed poists inghe 1f

ference segment retrieved by a gradient EWMA difference retrieving

;ﬁ U8 & QRS BT A SR8 L RIE R IBS $h & P8Rk réh decpanded,

t retri db | trievi thod int lue bet 0 and

IS HRkS 4R B RER LT tor 16 SATH AR AA5nEmsionan rBMiNeS
_ o eria 1or €4 | t

R MR IO R OO RS e

%@%ﬁ&%@? remRRlNRGIRHIeMad i RSHOdSIRGSINBEINE O £2GR 1Bk

region given by the researchers. Once the initial region is improperly
determined and the image is indistinct, Snake aigorithm cannot output an
outstanding result in the ultrasonographic imaging of a tumor.

In conclusion, the conventional delineation of a tumor needs to be
carefully made by hands of medical professionals. By contrast, Snake
algorithm requires an initial approximate contour of a clear predetermined
region instead of delineation by hand, and then a subsequent calculation
performs the approaching of the real contour in Snake algorithm.

Nevertheless, if the input initial contour depicted by hand is required to very

close to the actual contour of the predetermined region, it is
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is obtained by multiple the normalized value of the measured point for the
number of times equal to the modulating criteria of the corresponding
retrieving method, respectively; and retrieving the coordinate of the tumor
contour suggestion point on the reference segment by calculating the
average coordinate, from the sum of the product obtained by multiplying
the coordinate of each of the measured points on the reference segment
with 5 the corresponding weighting parameter, respectively; wherein in
thenn@ongivainiande netthigvingsmetvodbéackef the ptuealinaod réfegenaeput
segments includes a plurality of local segments and each of the plurality of
losii degoments inclgaiss alplarakty Tbmotlingchotironsiietich pfettietermined
plurality of local segments consists of one of the 10 plurality of measured
PRl athe L eplatinaasliibe poproseiing ahdistaepn BB ik e §nake
paint after the one of the plurality of measured points, and each of the
crsartst r%lﬁn@%ﬁfogg%%@t%lﬂ&k&eﬁﬁé PRSP B WieGsuRdpe:
ints in.the .correspondi al segment and at least one,m asure%
RSP R G the AR S rEBLGTL Ao ar o eI, S i o
%Wr@% %%Mrmﬁﬁnce segment are retrieved by the
MOVINgG variance Tetreving m

omprising the steps of: calculating a

gradient vagianes 2l the, ArNSSaRdTIAGE in heRlrally pblecakseamenis,

and an average gradient variance of the grayscale image in the plurality of
reemiiguherizenenealcwasingdhe refiaah thesgiadieatvaliansa afieothe a
grayscale image in the plurality of local segments to the average gradient
variancelofitivesgrayscapederagerin the plurality of moving horizons; and
retrieving the measured point corresponding to the maximum ratio as the
tumor cohisunstiyykstiorepointngreremanahetovhirstretiagngroethodg
a center of gravity of the input tumor contour is retrieved and a plurality of
cHifiIs: HeabIBRbIIge GriBHIOLYIERAEL BSBRGTHE PRAERBT GoPEPESESOT
reference segments extends from the center of the gravity to of the |
c%‘%?@él%% inrgé?e F&ﬁ&&%ﬂ&ﬁ@}%&i&‘ﬁv@??ﬁ% YREDLIOR SPERPHESS:
nljegesi%gd Qgir}}ts o tpr?o? é(e)%ere&ceﬁ%gmglt ar erc?trieve_d by.the contrast
retieving method: comprising Eﬁe s?eps of CAICU atir%agr%zacilgnlt%%gtﬁe mot
QUBNRGRIE JMAAE N ?oB'F‘&‘f‘ﬂ&ya‘?fﬁﬁ(?e(ﬁyeo%eg&&%ﬁcéng QUL the
gradient of the grayscale image in the plurality of contrast reference
S@%w%_ﬁﬁ&gégméeﬁl%@ﬁﬁgﬁ%mw%@mggaﬁiecﬁte% Qe contour
grayscale image Iin the plurality of 10 reference segments and an average
aadient eidhe: gaayseald image pihuihé plvRiifeetcantagheeferengoss the
segments; and retrieving the measured point corresponding to the
raxiononndifferencelas the cuneadcoriode s agoestiboypaint sakarednpior the
distance retrieving method, the value of all the 15 measured points on the
reFHiEHEE se GIHBINT perrEtHe g ST siQuandatbyhredistahdbaathiehy of
method comprising the steps .of: when there are no tumor contour

JEdRresrs s pomes Befsid [king aHd bt THEBIFAREPOF FHESSSHEE RIS 6
the fi f t first point, hen th i t
RS RSN SoR Do AR BRIRY ARG SoRgHr.

The method for retrieving a tumor contour for an image processing

system that includes a memory storing a grayscale image and a processor
according to the second embodiment of the present invention comprises:

recetving an input tumor contour of the grayscale image; defining a tumor
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20 suggestion point on one of the plurality of reference segments as the
first point; taking one of the plurality of measured points on the next
reference segment as a second point; and retrieving the measured point
on the next reference segment, having the minimum distance between the
first point and the second point as the tumor contour suggestion point on
the next reference point; wherein in the gradient EWMA difference
retrieving method, the value of all the measured points on the reference
segment anendtievegdiimseqdeacelyahey grdisfeEnid Aceffacancenf the
retrieving method comprising 5 the steps of: when there are no tumor
cBrRBYHASE daetoriisieis bhfote ptaking ohewtplur ity chmeamgreepntour
points on the first reference segment as a reference list; or when there is

oMEHAdIEE R o aPS GG SR BN HETL RS Halerrgien SamE e iGagoss the
t t ti int th f list; idi WMA
TR PR AL ATy TRE WSIRERG FUERUGY BF e EWRRAPOIES:
wgic%lét‘i]n c}foarm Badﬁpa%rc?cseMBQ tchoe FOM/MA valute of ther ferencehlistfb¥h
e ie 4 dhlined tics confoln Seitslion polnF o Radh L the

UYROL EANBHT SYGAGRUON OIS, I tQﬁdreﬁ%ﬂ%? Qﬁ“t’ﬂé“‘z%%ﬁ%@vﬁf%?r

value ofthe reference list and the gradients of grayscale image of eac

thembiality.obanraspirapoints opthe nerirteferapeentRSCHPIRtAR N the
input variables of the EWMA weighting formula; defining the output of the
ElviWAaneighting faymula;as the EM/MA value of each of the plurality of
measured points on the next reference segment; and taking the one of
plurality efweashedmpoints: o themextoeferentegesmoentoiat/ing ¢heh of
minimum difference between the gradient of grayscale image 20 thereof
aig tREIERNIW A diseise ofe aB eRStUMeP BB RRSLIDSU Gt SHdIP poREt SFeps:
the next . reference segment; wherein in the angle retrieving method,

ROTARIZ B ¥ateaeliAdh theimE B iR Pofeis Rie tBe grishtage Seament
tri d.i by the. | trievi ising t
R i Bhe e e o Beme e
C&%}? gy ‘fﬁ%&o&apc?fé‘iae?eexfé@‘fé‘@ s%%%lgmst&'g\cgg%gg@ﬁgag5%9 oNSe
on the ﬁI’St ererence Segment as a fﬁ‘St pOII‘lt, and one of the plurality Of1

MEASMEJROINIS AN H1e.SPeRndIBIRIRRACRAGIEN! 352 SFEARLP UL,

when thére is one tumor 5 contour suggestion point before the last tumor
cRmtRHesUBgestins PRt réefiring e JHner gNtaGHSUIURETIEN RAtsured
before the last tumor contour suggestion point as the first point, and
defimitsgoth ehlastfaranccontoneisuggsstied pointaadhs sEchd palifference
defining a vector going from the first point to the second point as a first
wsitery srsnvedtods guinig droatuh e Salt shel moasuinttp@athwf the iplimaitye
of measured points on a next reference segment as a plurality of second
\VISEBIRN CEIBU PRI PtharcaRge Raliiee et thethag By oclise By asa flrard 1
vector and the plyrality of second vectors, respectively; and taking the one
BriFatRyE et B BIHE Bn e %&?atﬁéﬁfpéfé?@ﬂé@gaa AREHEVINg

bei int of th d di h I
pi A G R SRR A
tﬁ?e%%?@#}:glg@ &%ﬁ{gﬁ%@f iH [%ialig 031’8‘888{%‘&9% %%88 %@gaﬁtﬁ of fthe

method for retrieving a tumor co an image processing system o

the,pEasantdRvantion. A AoGiRARY apidly andiacsuratelyidentity theducts

contour of a tumor in a grayscale image. Besides, 20 since the tumor
cersbtiisad be fenmgdeoththeoghayisealevanage basethonsthecplaniatianie
one of the five kinds of the retrieving method, i.e. the moving variance
retnebing ofiathodh, theiedritradteratimbinaimethric:theddisfancaratsievinigng
method, the gradient EWMA difference retrieving method, and the angle
retrieving method, the time spent in cdlculation of the tumor
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contour of the image processing system can be minimized, and the
similarity of the tumor contour compared with the actual contour of the
tumor is maximized. In the method for retrieving a tumor contour of an
image processing 5 system that includes a memory storing a grayscale
image and a processor according to the first embodiment of the present
invention, each of the plurality of reference segments includes a plurality
of local segments and each of the plurality of local segments includes a
pletratitynt motihog hespocisysihiersid mcte uithéhpleraligivilocd] the tumor
segments consists of one of 10 the plurality of measured points, at least
oHEHBaStHBgasEvR dBte andthe IcsieisRemessuesd foincaltelanaoribe

of the plurality of measured points. Besjdes, each of the plurality of =~
ASEIHE hEAEHE RGN JIE IS Y BY %waﬁ@l&r RIALFE YRR e e

R R Al
S BT e et

image in e luralitnel 196 SIS aNdaR AYRIRIRARANICRLYANANGR:
of the grayscale image in the plurality of moving hofizons; caiculating the
rptia-gifhe grascientMaranerabthe:- RRigsay stalaiimage e esphuraliy ohd
local segments to the average gradient variance of the grayscale image in
thechlusdlitiyofphoring hdrizend; ssxhretieving ddesmeadurelitpostt moving
corresponding to the maximum ratio as the tumor contour suggestion
poinizonshesbtiaddior phirieviyiged ter sgteatocandsiagel procesSitioe
system that includes a memory storing a grayscale image and a processor
RIEBAIRG b IHRTHES G RIBBHINGE M5 PRESRESSHESARMTb RefoER AR f Least
gravity of the input tumor contour is reégiev d agd géplurality of contrast

RS SRERS YRR i THRITSIO B SHEL SAURUPIHRY PRF3HeSr Rottastnd
f t ds.f th t f th it ft .
T R AR o PR
%%%E%‘&ré&!gg&&ﬂ?“i&o _ECS‘&&%FSSH&SME%B&% %%'%E‘Pe%{tf%tﬂg‘%g}%&%kh%ﬂe
comprising the steps of: calculating gradients of the grayscale image In

the-plralinpelsefarenersegmenthand:aniaverraa L grnicnhel: thad the

grayscale image in the plurality of contrast réeference segments;

ceituatngithp difiesneas psveon the gedstients obthe-grayscaleitnadey
in the plurality of reference segments and an average gradient of the

giay snafaimage indbecplimality ofetbotrastipferencthsegments; andilating
retrieving the measured point corresponding to the maximum difference

S gBdimtimopeehdihe gyaEstiin voage in the plethotyfof resabvisgrents
tumor contour of an image processing system that includes a memor%(
SBAM R YPEER Al dHRPE S FECBSSBY S Ala pARRtHR thaplurality of

embadiment of the present jnvention, the tumor contqur suggestion pqin
R VGRS BN By o 20 TE SO agogrce o1 the
comprising.the steps.of: when.there are no tumor, contgur suggestion ,.
S s R B D e S R S
rGIRIence SeIment-A3 A rSheint P ELIRRKS ISrORS W% orizons; and
retrieving the measured point corresponding to the maximum ratio as the

tumor contour suggestion point;

wherein in the contrast retrieving method, a center of gravity of the
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contour suggestion point before, taking a last tumor contour suggestion
point on one of the plurality of reference segments as the first point; taking
one of the plurality of measured points on the next reference segment as
a second point; and retrieving the measured point on the next reference
segment, having the minimum distance between the first point and the
second point as the tumor contour suggestion point on the next reference
5point. In the method for retrieving a tumor contour of an image
propgssing sy stemahatiinckidesedmemosy ptaridyyn gfayseatesmesferande
a processor according to the first embodiment of the present invention, the
tapgoruBatbuEsliggestentpeintiapbealityiaveddntssguefsise Sogantisit
EWMA 10 difference retrieving method comprlsmg the steps of: when
tREFenge e tRer SoREsUPTs §§ﬁ8ﬁ5bé%f§ CHbrorOTEsRRRy SHE greference

FEEGI0ReHERELR Ehe RGP COMO Shgbeer DU e ek B
of.ihe Bgrw%%#ﬂngfr gl%nt?&r s%%e%lon t‘% Qints a%r reference St iho
dete

provi |ng an weighting ormula rmlnlng the welg tm% facfor 0

thEEMM ALY ggg&f@ﬂ'&m@ Yi%%?%ﬁlé@%% s O?eqfnjxg in the

referénce [ist by thé gradients of gfayscale image of fthe m asured

rﬁqm;@y the FufBRIeNieUh Y eSO R aIRis b theJalarensalistyisiRga
e EWMA value of the reference list and the gradaents of grayscale image

dheaeh of the: 2pIplatéktycdt measireddioisisonshignext refelemeging the
segment as the input _
differences between the gradients of the grayscale image in the plurality of
referenice segments and an average gradient of the grayscale image in the
plurality of contrast reference segments; and retrieving the measured point
corresponding to the maximum difference as the tumor contour suggestion
point;

wherein in the distance retrieving method, the value of all the
measured points on the reference segment are retrieved in sequence by the
distance retrieving method comprising the steps of: when there are no tumor
contour suggestion points before, taking one of the plurality of measured
points on the first reference segment as a first point, or when there is one
tumor contour suggestion point before, taking a last tumor contour
suggestion point on one of the plurality of reference segments as the first
point; taking one of the pluraiity of measured points on the next reference
segment as a second point; and retrieving the measured point on the next

reference segment, having the minimum distance between the first point

and the second point as the tumor contour suggestion point on the next
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variables of the EWMA weighting formula; defining the output of the
EWMA weighting formula as the EWMA value of each of the plurality of
measured points on the next reference segment; and taking the one of
plurality of measured points on the next reference segment, having the
minimum difference between the gradient of grayscale image thereof and
the EWMA value thereof, as the tumor contour suggestion point on the
next reference segment. 1.n the method for retrieving a tumor contour of
ariemegeegrotessing 5 system that includes a memory storing a grayscale
image and a processor according to the first embodiment of the present
inventionyiigectinmpribengsidisug gedtidd pdiffecamcharseméaveg hethod, the
sequence by an angle retrieving method comprising the steps of: when
tiféracapé AD HifBrCsHESHr St ETEIETERS sRsiLMBIeBitYEd [

SR S sl o el e
”{ﬁea%'t‘?ﬁgg ReInks,on e segond reference seament as.a second poipt oL,
when there IS one tumor contour suggestion point B%?ore ﬂ1e}f’as umor

CAMAY' FHOGE SRR RQINF H@B&ﬁ%&@ﬁﬂ@?{éﬂ%%?%&%@s@@iﬂ% t as

beforé the last tumor tontour suggestion point as 15 the first point; an

defifnadbe 1ast BgpaRiaurSuaeesHAR ROINLAS {18 RERNCHRAR e fore,

T
defining a vector going from the first point to the second point as a first

viekiog alichVehtoregang framothecsecondupgisitoeacing thelpturalitente
measured points on a next reference segment as a plurality of second

viestorspradcaiating HNEMdsine\gitieg dbtheudmgtiegdrroiudeg Hyetives REhfinss
vector and the plurality of second vectors, respectively; and taking the one
deptarmbyhst ﬁn%@%éﬁ%%m@% formeude eaRdrpesiviatandeVebfantue of

being the end pgint of the second vector corresponding to the angle

HAGinG iHsRirSu RSt ¥ dhFaig g e A 6P XSG U BagG esfiorrpbirtfo e
the second next reference segment Other objects, ?%%/an ages, and.
BGRTYEE RRIEY TR S Y B SRR BB bR rence T
followi . = . o with th

e P A B S e

SRSelds eqrbination pfisghematiciiewsf heRocesHomalievRnce

contour of airplanes accordingto Snake algorithm. FIG. 2 is a system

CRIEgeatenididam acebiin G folserraiavied wXaMAle OfdhsIEe SRFning

invention. FIG. 3 is a schematic diagram for showing a tumor
dhntoutpld oétrieviENy Methoel godopdfogiioaia prefer@ivedampleobiheich of

present invention. FIG. 4 is a flowchart of the method for retrieving a
tthagresiitiupbhagpivisgenoiote ssinbesysrdmedoomairtg gongs:fasd taking
embodiment of the present invention. 15FIG. 5 is a flowchart displaying
tHE rRBFIY JalNERHEE redrigysagured points on the next reference segment,
having the minimum difference between the gradient of grayscale image
thereof and the EWMA value thereof, as the tumor contour suggestion point
on the next reference segment;

wherein mn the angle retrieving method, the wvalue of all the

measured points on the reference segment are retrieved in sequence by the

angle retrieving method comprising the steps of: when there are no tumor
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method for retrieving the tumor contour suggestion point. FIG.6is a
schematic view for showing the local segments and the moving horizons
according to Example 1 of the present invention. FIG. 7 is a line chart for
showing the gradients of the grayscale 20 images and corresponding
moving variances of all points on the reference segment according to
Example 1 of the present invention. FIG. 8 is a gradient
cross-sectional view of grayscale images of the tumor from the gravity
cererwf suggantomtaieobtorrossiasintionehecrafarencegeesnent point,
FIG. 9 is a flowchart displaying the contrast retrieving method for
réafEving @@t@%éh@om&wgmg@%ﬁ@%ﬁwﬁt.pmm@mm AnrbviekaRnce
displaying theﬁ%iistanqe retrieving method for retrieving the tumor, contour,
StERSROASHOMS! POREIG2Ad 05 ﬂ%&%@r@ﬁ@%ﬁfﬁﬁﬁ@%ﬁ%@ﬂ}tﬁ%\ﬁw
differegclg Ei_fetrievingemeth(%d for retriev(if the tumor Contr%%E eSlilg%estion

psc?lﬁ?p_ TERES | §Wg%bﬁ‘5r?dﬁes%?§yl g iﬁ% gﬁgYéhFerfnevmg ethod 107
gﬁ%ﬁ%&me%ﬁgg%%ﬁ E?&E&“‘Béfb‘%@%ﬁ%%&%or cofitStr 1 é‘sﬁ%‘ﬂﬁ%&ﬁt,

r retrieving a tumor conto of an Image processi

Sa’éfﬁﬂh%%‘érﬂm&oé!?ﬁtéﬁ?% ' pEIBs-RIGSENt inUaRHRNtour
DETAILED DESCRIPTION O HE PREFERRED EMBODIMENT

RigasestrierteintGs handd: Fl&n? shavnwdediaysiehcanfiguiation contour
diagram for illustrating a method for retrieving a tumor contour for an 15
imagegionassing:sydteneacndrgingtialafpraferaed:esxangple o fithe phesBngt
invention. FIG. 3 is a schematic diagram for showing a method for
revievinglzetsrnond oo afor Brsiriegierp roskssivigreyaneg Assordingaerad
preferred example of the present invention. As shown in FIG. 2, the image

preEdiséth@agiterh hnmabgaliy 20 HerAsHerL PR VS ceEsar 19X issRIFe

. screen 13 and nﬁiglput ?evice 4. The memory 11 can store an

UiSEEsEsE 197 SRR MBS PSRN 3alErh e
T R
Wgﬁ%&ﬂ@ggﬂtiﬁd %Qﬁiﬁg”tﬁé BiRuE 59&%'{&? of measured points on the
second next reference segment, being the end point of the second vector
corresponding to the angle having maximum cosine value, as the umor
contour suggestion point on the second next reference segment.
Accordingly, by applying the method for retrieving a tumor contour
of an image processing system of the present invention, a doctor can rapidly
and accurately identify the contour of a tumor in a grayscale image. Besides,
since the tumor contour can be formed on the grayscale image based on the
calculation of one of the five kinds of the retrieving method, i.e. the moving
variance retrieving method, the contrast retrieving method, the distance

retrieving method, the gradient EWMA difference retrieving method, and

the angle retrieving method, the time spent in calculation of the tumor
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input device 14. Furthermore, FIG. 3 shows a tumor region 20. The
processed image can be output through the display screen 13. Please
refer to FIG. 4, which is a flowchart of the method for retrieving a tumor
contour of an image processing system according to the first embodiment
of the present invention. The method for retrieving a tumor contour for an
image processing system that includes a memory storing a grayscale
image and a processor according to the first embodiment of the present
inoattion obntheisesaStePIOACTILSVENGAmIngaR the omtomiotebf gig the
grayscale image; 10 Step SB: defining a tumor contour annular region and
SiikaTiey ot SherHROE SHNENE ePmNEidySilictinasduplrapiathe! the
input tumor cantour js in the tumor contour annular region, and each of the
Vol FEfEIEACE segments is across the tumor contour annular region
and inclydes.a plurality of measired poipts daslep SCreisving a.lumer
contour %%ee o 0p0|r(1) ORe5eh Brhe p]fl)Jl’ahty of reference e&?{nents; £

oo BIERRRIRG A UTIRLEATURL SUATCRIION OB OB Qbr

rence segments, or contour. First, in Step SA,

aN iRRUEUMONERNIDY 2.50B8iRHEE 06 Plwa HRRW:2Q:6aMHauUR PRINE 2T ise

input on an unprocessed image 111. A user or a doctor can input the input

tunaes eeniaue 2psneughhnatherbtiad aceusalelyihaod drawing thentsaod
contour. Herein, the input tumor contour 2 represented by LI; consists of

iBpoh coftdier point$il df hidh shermentiben dithes iapptwehtyurpointsidg
is represented by Ili i=1, 2, ..., n; 1, n E N). In addition, the jth input
cortmenpoibeeisf thelithfitpupturmbtconlesabsesmsras sneasty Plang Xt
YPI.- {{PI. W, P11} ,1, 2, ..., je AT), Subsequently, in Step SB, both a
s LEEHIEY Pgﬁﬁ@ﬂéwf%‘éiﬁﬂiﬁ at least one measured point before and at

least one measured point after the one of the plurality of measured points.
Besides, each of the plurality of moving horizons consists of one of the
plurality of measured points in the corresponding local segment and at least
one measured point after the one of the plurality of measured points.

Moreover, the tumor contour suggestion point can be retrieved by a
moving variance retrieving method comprising the steps of: calculating a
gradient variance of the grayscale image in the plurality of local segments
and an average gradient variance of the grayscale image in the plurality of
moving horizons; calculating the ratio of the gradient variance of the
grayscale image in the plurality of local segments to the average gradient
variance of the grayscale image in the plurality of moving horizons; and
retrieving the measured point corresponding to the maximum ratio as the
fumor contour suggestion point.

In the method for retrieving a tumor contour of an Image processing
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5 a plurality of reference segments of the grayscale image are defined.
Besides, the input tumor contour is in the tumor contour annular region,
and each of the plurality of reference segments is across the tumor
contour annular region and includes a plurality of measured points. For
instance, a gravity center 3 of the input tumor contour 2 is retrieved.
Herein, the gravity 10 center 3 of the ith input tumor contour ( i.e. the
gravity center 3 of all Pk) is represented by B" as shown in the formula
(sysjemn. {al yedpdethe Qramity CoMENE ang exiiin ptagneadgr poircEssor
are linked individually through an extended line, and thereby plural
rafsRNERgite el Bisteeatiprdiin ettt ANerBretid JBYRTEIY 12cERRARIRY

its corresponding input contour point 21 is_retrieved from each of the plural
BTaTERoR AR H Pl . VA (e SEreT et BAERL I 4 CoRct
dr%t%'ér%‘r';%%qsé@meﬁ%c?s%é i T%%%ﬁ&%”%%bé’fdf?{é”'rlgr}aﬂ? of contrast
predeterminéd line'segment 112 at the “directions towards and away from

thergrayity cepteL R Wil Lesnedt fothgn Q‘éhi?&“@f’_rtﬂé’i{g:%%i?ﬁ 2PRFSthe

point. The predetermined line segment 112 determines the lerigth of the

relRrensSRIM I AR anshaiingily affesisdheprocessing time and

accuracy. 5In other words, the input contour point 21 is taken as a basis
point, arirecpredetermined dnecagmeptdichipoisedas serpsius/beibg a
specific physical distance from the input contour point 21. The
predietstminegeiing seghmehtdhisreptbsetted bi ol N)ingiRtidseatingl
that links the gravity center 3 and the jth input contour point 21 of the ith
ifpercuarselo sergeun 2h mdymlinp o dshtstngsorserIcivgad as average
center and then a circle with a specific radius (i.e, the predetelinined line

SEHERE 19D P cEFABERISUIBAEhATLIfOR RN NS 120PTts bridstspice

' BN, ) OMGr 10N 014 L3 040, RIS SN s

image in the plurality of reference segments and an average gradient of the
grayscale image in the plurality of contrast reference segments; and
retrieving the measured point corresponding to the maximum difference as
the tumor contour suggestion point.

In the method for retrieving a tumor contour of an image processing
system that includes a memory storing a grayscale image and a processor
according to the first embodiment of the present mvention, the tumor
contour suggestion point can be retrieved in sequence by a distance
retrieving method comprising the steps of: when there are no tumor contour
suggestion points before, taking one of the plurality of measured points on
the first reference segment as a first point, or when there is one tumor
contour suggestion point before, taking a last tumor contour suggestion

point on one of the plurality of reference segments as the first point; taking

12
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II, Yii 1. The jth reference segment 41 corresponding to the jth input 15
contour point 21 of the ith input tumor contour 2 is the line 0 |1, containing
the measured points 22 of which the number is au. The jth reference line
segment 42 is the Line Bi. Herein, ai.i, hue N and a...s 2r+1. Then, in
Step SC, a tumor contour suggestion point 441 is retrieved from each
reference segment 41. At final, by linking all the tumor contour
suggestion points on all of the reference segments, the tumor contour is
thus forihediStebt DY . IBeBgarag pbints iathieaxerhpide thecstepeS@mf dthel
method for retrieving a tumor contour of an image processing system that
iERAISE RS SRRy RgrjacaIRETHERfe BRtGa PRotea S dcEaierivRree
to the firstnﬁéngbodi ent of the 10 present invention, the tumor contour

stiggestio ﬁ&%@a@%ﬂﬂg}p PR SRS B S e e iRArRd the

RISy by 8 moying variance yeuieying method 45 shown I FIG &, the
moving \Parlance re?rievmg me%ﬁo Cco risse%ntﬁ)eg} 8& . next reference

?&qﬁf{ating a gradient variance of the grayscale image in the 15 plurality of
local segments and an average gradient variance of the grayscale image

in the plyrality Sf-Meving-herzansy a nfRIGURING e ratieRh the.arrdishls

variance of the grayscale image inthe plurality of local segments to the
avenage tradietitvatianer eidRe ghakscaledmagalinithedyudity ofkocessor
moving horizons; and 20retrieving the measured point corresponding to
theomakingum rétio Bssthentbodincantord suggestent puintntionylotheouator
in the above-mentioned moving variance retrieving method, each of the
plardhty shasfeseneeeuymanteincitidesdaphaalionot lical gegmenisHhA
each of the plurality of local segments includes a plurality of moving

HOGESRACH R BSCHBMAG SRIPIR BRICRS! SEgimehis dmsitisTst diselss

the plurality of measured points, at least one measured point before and
OB BB RO S S SRR PARU A e BbiReasured

points. Besides, each of the plurality of moving 5 horizons gonsists of one
O R e s e T R s

3 least @d}ﬁdﬂ?@ﬁg@%@@&%@ﬂ&rg@we %éi%%giggeg%%f bab%@%ﬁﬁgum

points. In this éXxample, moving variance Is to observe t

v%%gm@rigﬁgge@ﬁmﬁ SHtie regiancavsadpethevalie variapceareynta
pweighting formula; determining the weighting factor of the EWMA
weighting formula and receiving the EWMA value of the reference list by
the gradients of grayscale image of each of the measured points or the tumor
contour suggestion points in the reference list; using the EWMA value of
the reference list and the gradients of grayscale image of each of the
plurality of measured points on the next reference segment as the input
variables of the EWMA weighting formula; defining the output of the
EWMA weighting formula as the EWMA value of each of the plurality of

‘measured points on the next reference segment; and taking the one of

plurality of measured points on the next reference segment, having the

13
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10 segment of the entire region. Moving variance applied in the present
invention is a primary index of features. Through moving variance applied
in the first example, the tumor contour suggestion point can be directly
obtained from the reference segment 41 by algorithm With reference to
FIGs. 3 and 5, each reference segment 41 contains 15 a plurality of
measured points 22, a plurality of local segments and a plurality of moving
horizons. In the present example, the plural measured points mean plural
immagarpine ldyGiertsn Eabbtokte thgddealt seh grepts densistgeoftamedtand
the plural measured points 22, the foimer one or more measured points
2pednt ieb| aabrcomersofnapd A saBre oS ZLEHINGI A0 e Plaraext
moying horizons consists of one of the plural measured point 22 and the

| SR I SERIBFE measured points 22 in the corresponding plural local

. That is, in t that th ber of points in th .
Tormern 4P SUQTHE W FRLPULES R ot ATRRATeN e S e ime

. iy h . i (2 0411 | . s |
Rt SRS e e oI
aamﬁlﬁﬁgr@@%éhﬁ@%‘@Qﬂoﬁﬁﬂﬂ&%@f%@omsgﬂtﬂ?ﬁﬁﬁﬁ@ﬂc&e tumor

segment 41 is equal to that of the local segments. Regarding moving
hasigens sifzthe as e hat dhe SenvtnikesalAlikginthe locah RlEng
the latter points is g, since the local segment contains (2 x p+1) image
pixefhpointsytheieiage (Rex ptebqgel’) vRer<piet?) harizansuileseinzeeachr
horizon containing g image pixel points is called a moving horizon.
Hugessirothpométholforritsiaving aconionconggestsugy gestioriddipopbne
411 according to Example 1 of the present invention is carried out as
fefidhe Phirsl ity @ hrasneHESARSHE 05! the Gl memeeensmaphifist
local segments an%the averagl%ggradient variance of the grayscale

iRAGEsRE DA MBURY B dRE A PespRIRtiv Ay Latcenaray! Heferpnce
tgg ratio§ of the ra%ientv _riancgls oftthe g\%agscaéle imatges in the %gural
ISCA A MRS MY Ko dtagd Glatteitt Var i ST S iy EaReestion

Lﬂ?ﬂ?%g}ﬁpﬁ ’ teff’els‘ﬁ‘%'?&%&8{12?2%#8?8885?{8%&‘3 gﬁlﬁtﬁ “the tumor

bsequent e measured point esponding to the maxXimum ratio

igsatH6YRH AR &IOS MO SYASSSHORRRINE A1 dP (e LA RTINRL as

image pixelbvalues in the kth local segment on the 20 reference segment

4 D boibeingdGlicpikEthe [QiktealdktRihelradieetyatanaa0iinpe

grayscale image in the local segment is represented by KLiik (jk =
vapiElkomirkdedln pg NvicSinge ithe foval theginenicantaitiegtoefdnodnt
and latter points with respect to MN- may be beyond the range of the
refetelits seginenanrl Yeslatiigpnedsmishiaagilizng pointstdbefore afidhe
after the original reference segment 41, should be formed so asto
SREERIEINE Grarirmd ROANELEE RSt ArIERIB M AR ST o Par i ifyeo f

local segment. In detail, with reference to FIG. , 5 there is a schematic
R S L S o v L RO D e AR BT the

ample. 1 of the present.invepntion. The squares with continuous lines
e R S e S e e e

iR %ﬁﬁﬁﬂaﬂ %Fl’ﬁ@&siﬂ%@ﬁ%@?ﬂr%’f@i?&@’ﬁéﬂ%@f&?&ﬁ%@ 1bged:,

square frame i5 AL* point, the red rectangular frame Is a
being the end point of the second vector corresponding to the angle having

maximum cosine value, as the tumor contour suggestion point on the

second next reference segment.
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10 local segment corresponding to Aliik point, and the brackets are
moving horizons. As shown in FIG. 6, inthe case of k=2, p=4and q =3,
the local segment corresponding to the second measured point on the
reference segment contains (2X4+1 = 9) points, and (4-3+2 = 7) moving
horizons. In the case of the image pixel values in the gth moving horizon
on 15the local segment being Oiik_p4g-l,k-p+g,k-p+g-Lg-ijk-p+g+q-2, the
gradient variance of the grayscale image in the moving horizon is
represeritstdsyoRidijig {RMijkezesyamiGuiee b feegrirdiko pHyer b 2hyidimevill
average gradient variance of ther?rayscale images in the moving horizons

IPEPPOBANESE BYIRIMB! BOBhEWH Ml evengr eemled Zespxist epijkg g taken

ﬁ ’ —

(e ae gae 5
e

: .i" comer -.iu‘ in th ' o
horizons of the local'segm Qn%gr? 3?%%%05@3? I\IXn\iﬁﬁ%?Sé? e ”rf,?ré]{ I%%es for

represente as shown'i

f@éfﬁ%@ﬁ%;é&%am%faﬁ%e{écé}&ﬁg%565@1&@4%8%9? value of

MVuk is, the higher the possibility of the point being the tumor contour
suggestiprpaintds: Hydierd JoeapoMegydiasemdaesonatiedars feferred

moving horizon (MVijk
example of the present invention.

FIG. 3 is a schematic diagram for showing a tumor contour
refrieving method according to a preferred example of the present
mvention.

FIG 4 is a flowchart of the method for retrieving a tumor contour of
an image processing system according to the first embodiment of the
present invention.

FIG 5 15 a tlowchart displaying the moving variance retrieving
method for retrieving the tumor contour suggestion point.

FIG 6 1s a schematic view for showing the local segments and the
moving horizons according to Example 1 of the present invention.

FIG. 7 is a line chart for showing the gradients of the grayscale
images and corresponding moving variances of all points on the reference
segment according to Example 1 of the present invention.

FIG 8 1s a gradient cross-sectional view of grayscale images of the
tumor from the gravity center of the tumor to the outer crosspoint on the

reference segment.
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Hereafter, the application of moving variance in the present invention will
be illustrated. Please refer to Table 1 and FIG. 7. Table 1 15 shows the
gradients of the grayscale images and moving variances of points on the
reference segment according to Example 1 of the present invention, in
which the parameters p and g are set as 5 and 2, respectively. In Table 1,
the serial number k of each measured point 22 is shown in the first
column, the gradient Giik of the grayscale image of each measured point
22 is sh&Wa. 20 iim ahBoseebad disiplayingndivvonsreartinssteairegtporhior
22 is shown in the third column. FIG. 7 is a line chart displaying the
JritRARSIh By SOHIE T BiBR3CaHBTE B ponding moving variances of

all point the reference segment according.to Example 1.of the present
inventio%fﬁerlgﬁ,sﬁw ﬂW&lF?Bg %&%ﬁ%& gﬁ?@&? ?881’&%8“@6&%%%‘”
the€§lljne. Il f?ﬁ é e movin%S variance%gan ir}dlggte that various gradients of

=) IE’:Vl]ilg. MOT CONLOUT SIIo08S D.ILI)OII . .
dra SCal€’ iImages produce varl maoving variances due to surroundlng

variancesyc; Me%]‘é’l‘fy&m&ffgﬂggﬁl@ HE oBrdhere SIS rence

cross-sectional view of grayscale | es of the'tumor from the gravity

%M%hﬁéﬂmerﬁﬁ the-RuteLAIRS SRR opherelerepassasnent.
Herein, 10 the line a shows the gradients of the grayscale images, the line
b showspthg.average gradigni-otitbelgraysadle imagesafdhenrefarehoe for
segment 41, and the line ¢ shows the average gradient of the grayscale
inagesiog the tefamnoentioer seggrentod2p#lG. 8 indicates that the average
gradient of the grayscale images of the reference segment 41 is smaller
than thatfdfih&315 eeflassdatind degmertom lowish oviag-e taegefieiag!
In FIG, 7, the three locations where the gradient variances of the
RhFECANSHN ARSI RS8R gRroRCATRemaBl Ofrthe
the term of the. moving variances, the 10th point according to the circle 1
iFREUrGESE 1 1th point is larger than the 8th point, and the 17th point

5 Salissh20AAdiPnally poArina e aiRdien pgRRsSFRARVIew

the outepAI0SSPOIA! ONHE [eRIERCE SABMONBLAFIG: Ber CRRBE IO,

that the values from the 7th point to the 20th point are sShown in a concave

ligRondicttds Inwenthantheavaragergradientahthe graysealeinage®olan
the reference line segment. This concave line corresponds to the
loMi=pehpgenriciing oitheirasaiing magerditaredvetaaltioughtiteepresent
gradient variance of the grayscale images in the circle 2 is large, the
movingearidii€e atcordingdbeaitircibaistowier tianhogeadoetting tor
the circles | and 3 due to the gradients of the surrounding images. Based
Jismeving ediameRSOTHE WK Sty FRESNRBR e he FetSicH O g En

is the 101h point than the 11th poijnt, the 8th point and the 17'h point. k 1
preferred example of the present mvention.

As shown in FIG. 2, the image processing system 1 includes a
memory 11, a processor 12, a display screen 13 and an input device 14. The
memory 11 can store an unprocessed image 111 and a predetermined line
segment 112. Herein, the unprocessed image 111 means an ultrasound
image without being processed by the method for retrieving a tumor

contour according to the present invention, and can be input through the
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23145 7779 78 79 94 MViik- 4.996216 5.431265 5.72553 4.359829
5.065877 ic678

input device 14. Furthermore, FIG. 3 shows a tumor region 20. The
processed image can be output through the display screen 13.

Please refer to FIG. 4, which is a flowchart of the method for
retrieving a tumor contour of an image processing system according to the
first embodiment of the present invention. The method for retrieving a
tumor contour for an image processing system that includes a memory
storing a grayscale image and a processor according to the first embodiment
of the present invention comprises:

Step SA: receiving an input tumor contour of the grayscale image;

Step SB: defining a tumor contour annular region and a plurality of
reference segments of' the grayscale image, wherein the input fumor contour
is in the tumor contour annular region, and each of the plurality of reference
segments is across the tumor contour annular région and includes a plurality
of measured points;

Step SC: retrieving a tumor contour suggestion point on each of the
plurality of reference segments; and

Step SD: linking all the tumor contour suggestion points on all of
the reference segments, for forming the tumor contour.

First, in Step SA, an input tumor contour 2 consisting of plural input
contour points 211s input on an unprocessed image 111. A user or a doctor
can input the input tumor contour 2 by roughly rather than accurately
hand-drawing the tumor contour. Herein, the input tumor contour 2
represented by LI; consists of input contour points 21, in which the number

of the input contour points 21 is represented by n; (i =1, 2, ... ,n; L n
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9 10 0ijk 93 93 88 78 64 MVID, 8.586214 11.91848 13.55545
12.59645117.43012 kf16 17 18

€ N). In addition, the jth input contour point 21 of the ith input tumor

contour 2 is represented by Pl =( X1 yPIij y(LL = {PL, P, ...,

ij>
PL]} ,jWE,Z,...gni gje N}

Subsequently, in Step 5B, both a tumor contour annular region and
a plurality of reference segments of the grayscale image are defined.
Besides, the input tumor contour is in the tumor contour annular region, and
each of the plurality of reference segments is across the tumor contour
annular region and includes a plurality of measured points. For instance, a
gravity center 3 of the input tumor contour 2 is retrieved. Herein, the gravity
center 3 of the 7th input tumor contour ( i.e. the gravity center 3 of all P} is

represented by B,, as shown in the formula (1-1}.

0 0
2. Xpj ; 2 Yo i
=1 j=1

B, = I 0

_ 4L J e

Next, the gravity center 3 and each input contour point 21 are linked
individually through an extended line, and thereby plural reference lines 4
are defined. Then, a reference segment 41 containing its corresponding
input contour point 21 is retrieved from each of the plural reference lines 4
(Step SB). In detail, the reference segment 41 is determined from each of

the reference lines 4 by defining the predetermined line segment 112 at the
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19 60656769 Mk 11.60418 13.1099 7.002381 6.10648 Table 1 10
Example 2 In this example, the step SC of the method for retrieving a
tumor contour of an image processing system that includes a memory
storing a grayscale image and a processor according to the first
embodiment of the present invention, the tumor contour suggestion point
on each of the plurality of reference segments can be retrieved by a
contrast retrieving method. As shown in FIG. 9, the contrast retrieving
rdethwitbosrmprisets taedstopsyofrom talqitating geathedtsofltimeyegistatbe
image in the plurality of reference segments and an avera%e gradient of

tHEPYEAPSHaKs Priielihane pryaingist cbitrastdeterenaadsbgeraaent 112
determines the length of the reference segment 41 and directly affects the
processing time and accuracy.

In other words, the input contour point 21 is taken as a basis point,
and the predetermined line segment 112 1s used as a radius being a specific

physical distance from the input contour point 21. The predetermined line

segment 112 is represented by » {re N ). BiPIij is a line that links the

gravity center 3 and the jth input contour point 21 of the ith input tumor
contour 2. The jth input contour point 21 is used as a center and then a circle

with a specific radius (i.e. the predetermined line segment 112, r) can be

—_—

formed. The circle and the line BiPIij‘ cross at two points, an outer
crosspoint Ol = (XOIEj ) yOI_Ej } and an inner crosspoint Iy =
(XIL- YHii }. The jth reference segment 41 corresponding to the jth input

1y ?

contour point 21 of the ith input tumor contour 2 is the line Oiﬁﬂij ,

containing the measured points 22 of which the number is a;. The jth

reference line segment 42 is the line B; 1I;; . Herein, ay, hjj € N and a;=

2r+l.
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calculating the differences between the gradients of the grayscale image
in the plurality of reference segments and an average gradient of the 10
grayscale image in the plurality of contrast reference segments; and
retrieving the measured point corresponding to the maximum difference
as the tumor contour suggestion point. Moreover, in the
above-mentioned contrast retrieving method, a center of gravity of the
input tumor contour is retrieved and a plurality of 15 contrast reference
segmentBhisrdefirfidp Bésidaseachonfitte phastittiof pomiabt raforemoyed
segments extends from the center of the gravity to of the corresponding
réfere soelstafienes yegpeetively. In this example of the present invention,
the contrast principle.is applied to assign the location of a tumar from Shrll of

ultrasourt Gt FIUERS B hEKeH B S BUQKE B8 #h e h R B A8
tumor, the tumor boundaty can be discriminated through, t radignt
RS RS e b YL e
probable boundary and the region around the boundary, in addition to the
!ow-echogeriic ring in the ultrasound image caused by spongy

@f tion due to compression and infiltration between the tumor and
tissues around the tumor. Thereby, the contrast principle refers to that the

degree gfvigianaldiffarenpe briween cagh-peintisdaiangerandifie: tumor
desired region is observed. Contrast applied in the present invention is a
pemesyrindeanofifeatiesceisoygbithemothinasholeteochnapplied sidheg a
second example of the present invention, the tumor contour suggestion
poiay serldmigectybbtpivedsionatiterdiazcacthedyviesmodynent of the
algorithm. With reference to FIGs. 3 and 9, each reference segment 41
CORFEERG ANRIERE: ol SBEIPE JSSHIY 2 DU SBRFEABN T Plusich of the
reference lines 4 10 contains a reference line seg i?nt 42. The reference

ARSIt B SERG TFETBPRIRy RBntSr SPHHTRE Y df (S Tefererftiaanee
fge?%rrg%e}aégﬁé%% o6 I:[ ‘é%%fg%&%‘tylﬁeﬁfﬁ 35, '_{B\éven\{g{fiﬁhge \pg%tglgge f%trieving
method comprises the steps of:
calculating a gradient variance of the grayscale image in the
plurality of local segments and an average gradient variance of the
grayscale image in the plurality of moving horizons;
calculating the ratio of the gradient variance of the grayscale image
in the plurality of local segments to the average gradient variance of the
grayscale image in the plurality of moving horizons; and
retrieving the measured point corresponding to the maximum ratio
as the tumor contour suggestion point.
Moreover, in the above-mentioned moving variance retrieving
method, each of the plurality of reference segments includes a plurality of

local segments and each of the plurality of local segments includes a
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suggestion point 411 according to Example 2 of the present invention is
carried out as follows. First, the gradients of the grayscale images of the
15 plural measured points 22 and the average gradient of the grayscale
images in the reference line segment 42 are respectively calculated. Next,
the differences between the gradients of the grayscale images of the
plural measured points 22 and the gradient average of the grayscale
images in the reference line segment of the corresponding reference line
Hhraibrespautivety chlculates. Wengiheanclasafethpoimuzality of local
corresponding to the maximum difference is retrieved as a tumor contour
segiestionopome w19l pre<h hreniverkige ofaarasustdneocirsysealeast one
images in the reference line segment 42 (B1 Hu).is repreﬁgptt d by G1

ARHOA R 76¢R1G1479-2) east one measured point a e one of the

plurality of measured points. Besides, each of the plurality of moving
horizens consists of one of the plurality of measurs;d pomts in the
corresponding local segment and at least one measured point after the one
of the plurality of measured points.

In this example, moving variance is applied to observe the value
variance of the entire region caused by the value variance around a partial
segment of the entire region. Moving varnance applied i the present
invention is a primary index of features. Through moving variance appiied
in the first example, the tumor contour suggestion point can be directly
obtained from the reference segment 41 by algorithm.

With reference to FIGs. 3 and 5, each reference segment 41 contains
a plurality of measured points 22, a plurality of local segments and a
plurality of moving horizons. In the present example, the plural measured
points mean plural image pixel points. Each of the plural local segments
consists of one of the plural measured points 22, the former one or more
measured points 22, and the latter one or more measured points 22. Each of
the plural moving horizons consists of one of the plural measured point 22
and the latter one or more measured points 22 in the corresponding plural
local segments.

That is, in the case that the number of points n the former/latter

segment with respect to A/;z on the reference segment 41 (i.e. OL;IL; ) is p,
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(2-1) In addition, the contrast of the point AllJk on the reference
segment 41 (") is defined as the difference between the gradient of the
5 grayscale image of such point and the average gradient (of the
grayscale images on the reference line segment 42 ( Bi Hu )
corresponding to such point, represented by Cijk ). The larger Cuk is, the
higher the possibility of the point being the tumor contour suggestion point
411 is. 10Hereafter, the application of the contrast principle in the present
the segment containing (2%p+1) image pixe' points is called a local
segment. Since each point on the reference segment 41 has a local segment,
the number of measured points on the reference segment 41 is equal to that
of the local segments. Regarding moving horizons, in the case that the
number of Al in the local segment plus the latter points 1s ¢, since the
local segment contains {2 X p+1) image pixel points, there are (2 X
pti-(g-1) = 2Xxp-g+2) horizons. Herein, each horizon containing g
image pixel points is called a moving horizon.

However, the method for retrieving a tumor contour suggestion
point 411 according to Example 1 of the present mvention is cairied out as
foliows. First, the gradient variances of the grayscale images in the plural
local segments and the average gradient variance of the grayscale images in
the plural moving horizons are respectively calculated. Then, the ratios of
the gradient variances of the grayscale images in the plural local segments
to the average gradient variance of the grayscale images in the plural
moving horizons are respectively calculated. Subsequently, the measured
point 22 corresponding to the maximum ratio is retrieved as a tumor

contour suggestion point 411,

In the case of the image pixel values in the kth local segment on the

reference segment 41 (Ol being Gijip> Gijieepr1s «- > Gijierp-1> Gigjictps
the gradient variance of the grayscale image in the local segment is
represented by RLyy (RLiy = varp{Gijp » Giprpl + P € N ). Since the

local segment containing the former and latter points with respect to A/
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invention will be explained through data. Please refer to Table 2. Table 2
shows the gradients of the grayscale images and contrast of points on the
reference segment according to Example 2 of the present invention, in
which the average gradient of the grayscale images in the reference line
15 segment 42 is 77.4. In Table 2, the serial number k of each measured
point 22 on the reference segment 41 ( 0111v ) is shown in the first
column, the gradient Giik of the grayscale image of each measured-peint
24ds dhovieynlie thecomokeokimthcanef @i of mgmemaédre(d.poﬁﬁgﬂijs},
shown in the third column. The average gradient of e grayscale image s
imtieadetb randbdinesugtache g 81l thameiginglz reference segment
Accordingly, through Table 2, it can be known that the 11th point is the
|argSbowHe ADtRTPeR 58 RErERPRISH 1 F ST iR afeoT 605 SEmErale

the 5 lest, in the t f trast. Pl fer to FIG. 7 togeth it

V53 AL S (B FFRATcIE 3 Breh FRATgEcy e
th le | dtf dient vari f th [

S Shelo STEHAGS 1 braanyor e qrosrerionst LR e

‘i'x%?[iioﬂ?s@@cé}@i@tg ?o%ﬁgiﬁ?}eo i t&etﬂé?i%%@l% AGEHIN PR SMRIGRc vith

line 10 segment. Thereby, the contrast at the 5th point in the circle 2 is

lowssthandiesa aldhe Hitanenpilthered citgla-dranddhackeiRoint nd

the circle 3. Based on contrast, the best suggestion point on the reference
segMeRixddsisig 1ddbhedintteandirad 2t peikittiedl 3ot apoithe In

16th point. k1234

addition, the red square frame is Al point, the red rectangular frame is a
local segment corresponding to Aljy point, and the brackets are moving
horizons. As shown in FIG. 6, in the case of k=2, p=4 and q =3, the local
segment corresponding to the second measured point on the reference
segment contains (2x4+1 = 9) points, and (4-3+2 = 7) moving horizons.

In the case of the image pixel values in the gth moving horizon on
the local segment being Gijcprg-i> Giikepres - -+ Gijkeprotgis Cijk-prgrg-2s the
gradient variance of the grayscale image in the moving herizon is
represented by RMie (RMipe = varplGijprgr » Gijieprgrga])- The

average gradient variance of the grayscale images in the moving horizons is

represented by RM ik » as shown in the formula (1-2}.
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5Gk7779787994 041.60.61.616.6 k678910 Guk

Herein, g, g € V. In order to allow a Jocal segment to have two or
more moving horizons, g= 2%p-1.

Moreover, the moving variance of Al on the measures line 41

(OI gﬂ ;7 } is defined as the ratio of RLijk {the gradient vartance of the

grayscale image in the local segment corresponding to Aly) to RMi.jk

(the average gradient variance of the grayscale images in the moving
horizons of the local segment}, represented by MVjy, as shown in the

formula (1-3).

Herein, the larger the value of MV is, the higher the possibility of
the point being the tumor contour suggestion point is. If g = 1, the moving
variance does not regard the moving horizon (M Vi = Rl

Hereafter, the application of moving variance in the present
invention will be illustrated. Please refer to Table 1 and FIG. 7. Table 1
shows the gradients of the grayscale images and moving variances of points
on the reference segment according to Example 1 of the present invention,
in which the parameters p and g are set as 5 and 2, respectively. In Table 1,
the serial number k& of each measured point 22 is shown in the first column,
the gradient Gjy of the grayscale image of each measured point 22 is shown

in the second column, and MV, of each measured point 22 is shown in the
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93938878 64 15.6 15.6 10.60.6 13.4 1:-ii12 13 14 15 50 52 56

third column. FIG. 7 is a line chart displaying the gradients of the grayscale
images and corresponding moving variances of all points on the reference
segment according to Example 1 of the present invention. Herein, the line |
for the gradients of the grayscale images and the line II for the moving
variances can indicate that various gradients of grayscale images produce
various moving variances due to surrounding variance.

Meanwhile, with reference to FIG. 8, there is a gradient
cross-sectional view of grayscale images of the tumor from the gravity
center of the tumor to the outer crosspoint on the reference segment. Herein,
the line a shows the gradients of the grayscale images, the lme b shows the
average gradient of the grayscale images of the reference segment 41, and
the line ¢ shows the average gradient of the grayscale images of the
reference line segment 42. FIG. § indicates that the average gradient of the
grayscale images of the reference segment 41 is smaller than that of the
reference line segment 42 owing to low-echogenic ring. In FIG. 7, the three
locations where the gradient variances of the grayscale images are larger on
the reference segment 41 are circled. In the term of the moving variances,
the 10" point according to the circle 1 is the largest, the 1 1™ point is larger
than the 8™ point, and the 17" point is the smallest.

Additionally, regarding the gradient cross-sectional view of
grayscale images of the tumor from the gravity center of the tumor to the
outer crosspoint on the reference segment 41 (FIG. 8), it can be found that
the values from the 7" point to the 20" point are shown m a concave line,

which is lower than the average gradient of the grayscale images of the
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16171819 69 8.4

reference line segment. This concave line corresponds to the low-echogenic

ring of the ultrasound image. Moreover, although the gradient variance of

the grayscale images in the circle 2 is large, the moving variance according

to the circle 2 is lower than those according to the circles 1 and 3 due to the

gradients of the surrounding images. Based on moving variances, the best

suggestion peoint on the reference segment 1s the 10" point than the 11"

point, the 8” point and the 17" point.

k 1 2 3 4 5
Gii 77 79 78 79 94
MV | 4.996216 | 5431265 5.72553 4359829 | 5.065877
Ik 6 7 8 G 10
Gise 93 a3 88 78 64
MV, | 8.586214 | 11.91848 | 13.55545 | 12.59645 | 17.43012
 k 11 12 13 14 15
Gi 50 52 56 65 62
MV | 14.88913 | 10.87886 | 6.907269 | 4.268695 | 4.830066
k 16 17 18 19
G 60 65 67 69
MV | 11.60418 13.1099 7.002381 6.10648
Table 1
Example 2

10

In this example, the step SC of the method for retrieving a tumor

contour of an image processing system that includes a memory storing a

grayscale image and a processor according to the first embodiment of the
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present invention, the tumor contour suggestien point on each of the
plurality of reference segments can be retrieved by a contrast retrieving
method. As shown in FIG. 9, the contrast retrieving method comprises the
steps of:

calculating gradients of the grayscale image in the plurality of
reference segments and an average gradient of the grayscale image in the
plurality of contrast reference segments;

calculating the differences between the gradients of the grayscale
image in the plurality of reference segments and an average gradient of the
grayscale image in the plurality of contrast reference segments; and

retrieving the measured point corresponding to the maximum
difference as the tumor contour suggestion point.

Moreover, in the above-mentioned confrast retrieving method, a
center of gravity of the input tumor contour is retrieved and a plurality of
contrast reference segments is defined. Besides, each of the plurality of
contrast reference segments extends from the center of the gravity to of the
corresponding reference segments, respectively.

In this example of the pfesent invention, the contrast principle is
applied to assign the location of a tumor from an ultrasound image through
naked eyes. Based on the center of the tumor, the tumor boundary can be
discriminated through the gradient variance of the grayscale images from
the center of the tumor to the probable boundary and the region around the
boundary, in addition to the low-echogenic ring in the ultrasound image

caused by spongy inflammation due to compression and infiltration
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10.4 Table 2 Example 3 In this example, the step SC of the
method for retrieving a tumor

between the tumor and fissues around the tumor. Thereby, the contrast
principle refers to that the degree of visional difference between each point
in a range and the desired region is observed. Contrast applied in the present
invention 1s a primary index of features. Through the contrast method
applied in the second example of the present invention, the tumor contour
suggestion point can be directly obtained from the reference segment 41 by
algorithm.

With reference to FIGs. 3 and 9, each reference segment 41 contains
a plurality of measured points 22, and each of the plural reference lines 4
contains a reference line segment 42. The reference line segment 42 is from
the gravity center 3 to the eﬁci of the reference segment 41 closer to the
gravity center 3. However, the method for retrieving the tumor contour
suggestion point 411 according to Example 2 of the present invention is
carried out as follows. First, the gradients of the grayscale images of the
plural measured points 22 and the average gradient of the grayscale images
in the reference iine segment 42 are respectively calculated. Next, the
differences between the gradients of the grayscale images of the plural
measured points 22 and the gradient average of the grayscale images in the
reference line segment of the corresponding reference line 4 are
respectively calculated. Then, the measured point 22 corresponding to the
maximum difference is retrieved as a tumor contour suggestion point 411,

Herein, the average gradient of the grayscale images in the

reference line segment 42 ( B, 11 ;i ) 1s represented by (;;']i[ , as shown in the
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5 contour of an image processing system that includes a memory storing
a grayscale image and a processor according to the first embodiment of
the present invention, the tumor contour suggestion point on each of the
plurality of reference segments can be retrieved in sequence by a
distance retrieving method. As shown in FIG. 10 the distance retrieving
method 10 comprises the steps of when there are no tumor contour
suggestion points before, taking one of the plurality of measured points on
therfirstaréfelonce segment as a first point, or when there is one tumor
contour suggestion point before, taking a last tumor contour suggestion
point on one of the plurality of refer}ence segments as the first point; taking
one of the plurality of measured pgints on the next reference segment as
a second point; and retrieving the m@ured point on the next
reference segment,_having the midisaum distéfice between the first point
and the second po@as the.tumar/certour suggestion point on the next
reference point. n iffis example, the distance is used as the main
consideration wherein the distance be gen two suggestion @Oﬁ‘?ts
respectively selected from two reference segments-41 are considered. In
detail, after a former 10 suggestion point is selected from the former
reference,sRUMEH, 4he thendigtencandrppnine\irnaer slaeestion Hebient
each measured point selected from the later reference segment 41 are
considered, Thesplhysinatinagattisgdifieraforesaickimthat theaditancd the
from the later suggestion point to the former suggestion point should be
shastecdhainthatobdthecimpasuretpaints 4vdes fomadisngdestion pdirthe
The distance used in the present invention is an auxiliary index of
features. In other words, a former suggestion point s to be
igdioateds andghentibalgtritncdipefogmed té dt A ]a‘terrespondmg
suggestion data point selected from the later reference segment 41.
20With reference to FIGs. 3 and 10, at first, based on the method of

ovrn variance descrihed inA&x le.1,\at least pne initia) s
point igi |sar£e{r| resae?r]cogndhtﬁ @%mr TI'LenIJ khe mrt‘r%ilu%%ei%%n @Fﬁ‘t s
411 is used as a reference point, and a point retrieved from the reference
linR e BRI SRsiaN RNl sUBERAIN MO AR I SnIdBIRUBL HBE8R
distance, is used as a subsequent suggestion point. Other suggestion
pswirts are ietrieved from other reference segments in the abovementioned
manner. Besides, the distant of the point Alijk on the reference segment
41 () is défiredtas tthe phyysicatidistan dd¢Dijk) thasin phieendasuret o girgsent
522 to the initial suggestion point 411. The relation of the abovementioned

parambes vl ishownniaines fbiowsy dakmMiease rpfqyig Igblauia abje 2

shows the gradients of the grayscale images and contrast of points on the

reference segment according to Example 2 of the present invention, in
which the average gradient of the grayscale images in the reference line

segment 42 is 77.4. In Table 2, the serial number £ of each measured point

22 on the reference segment 41 (O, 11, ) is shown in the first column, the
gradient Gy of the grayscale image of each measured point 22 is shown in

the second column, and Cyj of each measured point 22 is shown in the third
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Since the measured point 22 on the first reference segment 41 has no
foinier 10 reference point for calculation, j is 2 or more. As Duk decreases,
the possibility of the point to be the desirable suggestion point 411
increases. The following description explains the effect of the distance
applied in the present invention by actual data With reference to the
following Table 3, Table 3 shows the conversion from the image
coordinate of each 15 point on the reference segment of the present
exdmple thihevdisigngradibate thbecgordinatesmbfhesiniti@lestedgestmmnline
point in the image is (237, 193). In the first row of Table 3, k is the number
of each meas int 22 on the reference segment/71 . The second and
t@ggﬁ@ms@*(oﬁ,-tl{ 7Ah ThblkAl icagrdinate () of each measure point 22.
Furthermore, 20 the fourth row shows the corresponding Dii_gk of each

measured point.22. In Table 3, the corresponding suggestio int is the .

il e _H%Eﬁni@ér_”tékggég’% bl)%ﬁ%ﬁ%’?&%ﬁ‘%ﬁﬁ?&%%n&fiﬁ% i
e movin rianee. AS.IIS n e poin SNOW.

R R R G R LEeneee g 0 e e

%gﬁgaqg%ﬁﬁ%ﬂg %@lf% the distanceyalue jsranausiliary eﬁaggeﬁaf RSS2,

the result of retrieving the former suggestion point dramatically

affagtsuthe gRrrespanding, distapgeief 2achpaiat e thedadeiataiences the
segment and the result of retrieving the later suggestion point. For
examplgicwhenthendibesehMMijkanthaik afaiuseds glithdeighiges in the
suggestion points locating on distinct sites and having difference
distelecesslarars thohabdyastoé ke gespectivaiy dmirthbengighb Gring loser
reference segments, Dijk is supposed to affect the neighboring two _
risfetbncevesaase sradistthein tvo STRIGESHONPOERS dlbdbitorsisvtRetine

are retrieved. 4 .. ) ,
segment. Thereby, the contrast at the 57 point in the circle 2 is lower than

those at the 11™ point in the red circle 1 and the 16" point in the circle 3.
Based on confrast, the best suggestion point on the reference segment 41 is

the 11" point than the 12" point, the 13* point and the 16" point.
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1234 5 ihik 227 228 1229 230 231 ii. 96 195 195 195 194 ii-Flk 10.440
9,220 8.246

k 1 2 3 4 5
G 77 79 7e 79 94
Ciik 0.4 1.6 0.6 1.6 16.6

k 6 7 & 9 10
Gigc 03 93 88 78 &4
Ciic 15.6 15.6 10.6 0.6 13.4

k 11 12 13 14 15
Giik 50 52 56 65 62
Cia 27.4 254 21.4 124 154

k 16 17 i8 : 19
G 60 65 67 69
Ciik 17.4 124 164 8.4

Table 2

Exampie 3

In this example, the step SC of the method for retrieving a tumor
contour of an image processing system that includes a memory storing a
grayscale image and a processor according to the first embodiment of the
present invention, the tumor contour suggestion point on each of the
plurality of reference segments can be retrieved in sequence by a distance
retrieving method. As shown in FIG 10, the distance retrieving method
comprises the steps of:

when there are no tumor contour suggestion points before, taking
one of the plurality of measured points on the first reference segment as a

first point, or when there is one fumor contour suggestion point before,
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7.2806.083 678910 232 233 234235 236 YA/uik 194 194 1931193 Dr
k 193

taking a last tumor contour suggestion point on one of the plurality of
reference segments as the first point; taking one of the plurality of measured
points on the next reference segment as a second point; and

retrieving the measured point on the next reference segment, having
the minimum distance between the first point and the second point as the
tumor contour suggestion point on the next reference point.

in this example, the distance is used as the main consideration
wherein the distance between two suggestion points respectively selected
from two reference segments 41 are considered. In detail, after a former
suggestion point is selected from the former reference segment 41, the
distances from the former suggestion point to each measured point selected
from the later reference segment 41 are considered. The physical meaning
of the aforesaid 1s that the distance from the later suggestion point to the
former suggestion point should be shorter than that of other measured
points to the former suggestion point. The distance used in the present
mvention is an auxiliary index of features. In other words, a former
suggestion point requires to be indicated, and then the algorithm 1s
performed to retrieve a later suggestion data point selected from the later
reference segment 41,

With reference to FIGs. 3 and 10, at first, based on the method of
moving variance described in Example 1, at least one initial suggestion
point 411 is retrieved from the contour. Then, the initial suggestion point
411 is used as a reference point, and a point retrieved from the reference line

4 and nearest to the initial suggestion point 411 with a minimum linear

-
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5.099 4.123 3.0002.000 1.000 k11 121314 15 y+1 237 238 239 240 241
YA/O-ik 192 192

distance, is used as a subsequent suggestion point. Other suggestion points
are retrieved from other reference segments in the abovementioned manner.

BResides, the distant of the point Alijk on the reference segment 41
{6};}5} is defined as the physical distance (Dj;) from the measured point

22 to the initial suggestion point 411. The relation of the abovementioned

parameters is shown as the following formula 3-1.

2

i1 ik

"

D= \/(xj.%'ij._i ~ X1, J A+ Wps, = Var

...... (formula 3-1)
Since the measured point 22 on the first reference segment 41 has no former
reference point for calculation, ] is 2 or more. As Dﬁk decreases, the
possibility of the point to be the desirable suggestion point 411 increases.

The following description explains the effect of the distance applied
in the present invention by actual data. With reference to the following
Table 3, Table 3 shows the conversion from the image coordinate of each
point on the reference segment of the present example to the distance,

where the coordinates of the initial suggestion point in the image 1s (237,

193). In the first row of Table 3, & is the number of each measured point 22

O]i'ﬂfji‘ﬂ :
on the reference segment Y™ Y7 | The second and third rows show the

X 41

coordinate ( j+lk

yAIUHk

) of each measure point 22. Furthermore,
the fourth row shows the corresponding Dyj. of each measured point 22.

In Table 3, the corresponding suggestion point is the initial suggestion point

an
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192 191 191 Diiik1.000 1.414 2.236 3.606 4.472 k 16 17 1819 k 242 243
244 1245 YAJU+lk 191

B.II

{237,193) on the reference line "0 obtained by the moving variance.
As listed in Table 3, the points 10 and 11 show the shortest distance, and the
following are the points 12, 9, and 13 in order.

Another reason why the distance value is an auxiliary index of
features is that the result of retrieving the former suggestion point
dramatically affects the corresponding distance of each point on the later
reference segment and the result of retrieving the later suggestion pont.
For example, when the values of MV and Cyy are used, although two
suggestion points locating on distinct sites and having difference distances
are probabiy retrieved respectively from the neighboring two reference
segments, Dy, is supposed to affect the neighboring two reference

segments and then two suggestion points close to each other are retrieved.
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190 190 190 5.385 6.708 7.616 8.544 Table 3 Example 4
example, the step SC of the method for retrieving a tumor contour of an
image processing system that includes a memory storing a grayscale
image and a processor according to the first embodiment of the present
invention, the tumor contour suggestion point on each of the plurality of
reference segments can be retrieved in sequence by a gradient EWMA
difference retrieving method. As shown in FIG. 11, the gradient EWMA
difference retrieving method comprises the steps of: 10when there are no

in this

tlmor;contour suggestion pdints before, taking one of pldrality of 5
measured pomnts on the firgy geference segment af a refergnee list; or 23]
whep there is one tumor contour suggestion point before, takingjall of the
pervigus tumor contour suggestionpoints as the rbference Iist
15prowiding-an-EWMA-weighting-farmuta rraiRing-the-weighting
yfactor of the1L E@VMA Nelgh t% formula ariéﬁecelvjﬁg thé A value lof*
theveference list by the gradients of grayscale image of each of the
measured points or the tumor contour suggestion points in the reference
ﬁst 2( usqg)tmngWMA vglgg(pf the refeyenge listjand theggradients ¢f (33
gld.ybbolle image of eachof-the-pturatity of measuredpointsonrthe mext
reference-seagment-as-the-inpbut-vvariables-ef-the E\AII\III\ ‘“D'ghull\g furmu!a’
d}éflnlna the §Utout 0 <Y as th% EWMA 10
¥ 232 233 234 235 236
Aijfﬂk
194 194 163 193 193
Yl
i 5.099 4.123 3.000 2.600 1.060
k 11 12 13 14 15
237 238 239 240 241
Al
192 192 192 191 191
yAIink
Dy 1.006 1.414 2.236 3.606 4.472
k 16 17 18 19
- 242 243 244 245
Alyigg
191 190 190 190
Yl
D 5.385 6.708 7.616 8.544

Table 3
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value of each of the plurality of measured points on the next reference
segment; arid taking the one of plurality of measured points on the
next reference segment, having the minimum difference between the
gradient of grayscale image thereof and the EWMA value thereof, as the
tumor contour 5 suggestion point on the next reference segment In
this example, the gradient exponentially weighted moving average
difference (gradient EWMA difference) between the grayscale images is
used as the main consideration. EWMA is a statistic of a moving average
with memory, and is weighed based on the importance of the 10 historical
darxnepbed by the programmer. Therefore, older historical data may be
placed with more or less importance by EWMA. In detail, the concept is to
consider thEaamEsy A Hikerén el HEEVEEHPR HaySEMy fagderapt

the neighbgring. two suggestian points. The physical] meaning of the |,
ORI d ekl BitsT SO HES AIERE AR HRSoACR DRSS &

rayscale images of the former and later.suggestio ints.should he |
R S e SRR B S e
;ﬁ%@&%ﬁ%uﬁ%ﬁtﬂ%f’%- 1 RgoragieatEW, é%ﬁ&ﬁe?;%%@eé‘ﬂes&ljﬂ%f the

rayscale images also belongs an auxiliary index of features. In other
Wirdsiia, former-stgae sion Raintreayi esta-hedndicatptadihentag;t:
algorithm is performed to retrieve a later suggestion data point selected
flowhe ldiefaieiareneakegmenicddiod. AWishseferancd® FIGsha andibh:
each of the reference segments 41 includes a plurality of measured points
2VBdsicdlfffethromethoeMiogretadvidgaspggestion popst @l 1 from the
contour is described as follows. First, based on the method of moving
variance it ribet i E M iPIEar SOTHaYE SHEFSHPR RYBLO8tpemtiang
is retrieved from the contour. Then, the gradient of the grayscale images

SPRReh SASTHEY pointacas aRg PRIENWRIALEE atiTsbSEBREN RSP ST shdIF

int 411 tively 5 calculated. Sub tly, the diff
RARERIF e tn BB 8 oty Sl FRAGE0 Bl e IRERULRB BB RS

nd.the EWLV1A of at least one initi ion point: 411 ar,
B DR St PO e
mgasured point 22 is retrieved as a suggestion point 411. Other
suggestion points are retrieved from other 10 reference segments in the

abovemw@omﬁmw@s&e@l@hﬁ@ EdAMAe0f the point Ali* on the
reference segment 41 () is defined as the weight-interpolated value (Zijk),
which is ébaimenifrgnhthe gpadieptiattbe gf sysdal®iiragesgiltheg formula
measured point 22 and the EWMA of the former suggestion point. The
Bk ofitheg ShefeWhid sejurent 0hy, sheaimed frombinalfopesdients of
method for retrieving the fon-ner suggestion point is represented by Zu,.

TE YetaliorBpate Absaeheritidiednrastitd DS hdhac B iAgRIOw

formula 4-1. |  Ziik =A) Zjt , O<X 1(formula 4-1)
suggestion points in the reference list;

using the EWMA value of the reference list and the gradients of
grayscale image of each of the plurality of measured points on the next
reference segment as the input variables of the EWMA weighting formula;
defining the output of the EWMA weighting formulia as the EWMA

value of each of the plurality of measured points on the next reference
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Since the measured point on the first reference segment has no former
20reference point for calculation, Zi Lk is equal to Z,11 and O. The
following formula illustrates that the weighting adjusLinent of the EWMA
will affect the importance of the historical data Zikk -A Gyk-( 1 -A )Zii'd =A
Guk+0O-A 1[A G17_1+(1-A )Zir_2] Gijk+A (1-A )Gry A (1-4 26+A (1-A
)0I-1)G12+ (1-A )/tGii In the formula, as A increases, it indicates that
the neighboring data have more weighting effect to the output data; by
csuihash 2snf decreases, it indicates that the old and new historical data
have more similar weighting effect to the output data. For example, when j
= j' = 4, ifakin®tBe Zitd ofplioabieyshOmeasiZidipoints on the next reference
0.9Gi4k+0.09Gi3+0.009Gi2+0.001Gii. This indicates Zi4k is greatly
fescnst b oitik, By euntravmit)erente Digivean Be shioipraozrscale
0.1Gi4k+0.096i3+0.081Gi2+0.729Git. |t can be seen that Gi2, GU, and
craR iRt i 2k, EWMAySpdesethiieradiertbEVROr contour

difference of the grayscale images 15 means that the gradient EWMA
dHBREREEPHE LI Rlﬁeﬁg%%?rﬁ{éc?eﬁg%%tsegment 41 (U), and it is

defined ?st e differenc (E{"ﬁ(% bet .encthe gradient}?f the gjrﬁyes&ale .

image and tﬁé%\%ﬁm ijk) of t rapc%ler% ATi® ?f&esngﬁ" 3(]:Ie‘(ﬁ:freéﬁses, theo V&

pmggéoéiffereme (gradient EWMA difference} between the grayscale
images is used as the main consideration. EWMA is a statistic of a moving
average with memory, and is weighed based on the importance of the
historical data valued by the programmer. Therefore, older historical data
may be placed with more or less importance by EWMA. In detail, the
concept is to consider the gradient EWMA difference between the grayscale
images of the neighboring two suggestion points. The physical meaning of
the aforesaid description is that the gradient EWMA difference between the
grayscale images of the former and later suggestion points should be less
than that between the grayscale images of ofher measured points and the
former suggestion point. The gradient EWMA difference between the
grayscale images aiso belongs an auxiliary index of features. In other
words, a former suggestion point requires to be indicated, and then the
algorithm is performed to retrieve a later suggestion data point selected
from the later reference segment 41.

With reference to FI1Gs. 3 and 11, each of the reference segments-41
includes a plurality of measured points 22. Basically, the method for

retrieving a suggestion point 411 from the contour is described as follows.
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the point to be the desirable suggestion point increases. Since the
measured 20 point on the first reference segment has no former reference
point for calculation, j is 2 or more. The following description explains the
effect of the gradient EWMA difference of the grayscale images applied in
the present invention by actual data. With reference to the following Table
4, Table 4 shows the 5 conversion from the coordinates of each point (in
the image) on the reference segment to the gradient EWMA difference of
thegraysed @inthgendthiie ¢ esentngxamipiasovieseibtibiE\WxsmpleHe at
initial suggestion point is 64. In the first row of Table 4, k is the number of
daRF ARMbURY DIGESHION PRIt leide BEYYREFTYMHE S 668 Fow [ hen,

shows the 10 gradient (Go.+1Q of the grayscale image of each measur
abmgfﬁﬁéefﬁira%&@ SHOWERIE 0ReSHENdRG BIFAPIH DR Fimpasthg e

A TR TS e,
i . li in.T ' . d
4= S e 4 WRORAISISAL0AE SR o

folloving A1 13 OIS 12 ARArLE FLAEEEE Kind the EWMA of at least one

initial suggestion point 411 are calculated. The minimal difference is
chosen, and the corresponding measured point 22 is retrieved as a
suggestion point 411. Other suggestion points are retrieved from other
reference segments in the abovementioned manner.

Basically, the EWMA of the point Aljy on the reference segment

41 (OJ ij]‘[ i ) is defined as the weight-interpolated value (Zs), which is

obtained from the gradient of the grayscale image of the measured point 22

and the EWMA of the former suggestion peint. The EWMA of the

reference segment Of,/, obtained from the aforesaid method for
retrieving the former suggestion point is represented by Z;;. The relation of
the abovementioned variants is shown as the following formula 4-1.

Zip=h Gut(1-A ) Zyy , 00 1. (formula 4-1)
Since the measured point on the first reference segment has no former
reference point for calculation, Z;y is equal to Z;; and Gy;.

The following formula illustrates that the weighting adjustment of
the EWMA will affect the importance of the historical data.

Z{jk :)\ Gijk"ém(l -]\ )fo 1
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=A Gyk"i“(l*}\ )[}\ ij;ﬁ‘(l-}\ >ZU"2]

=\ Gk (1-A )Gy+h (1-A YPGyot.. A (1-A YW DG+
(1")“ )]”Gz'}.

j-2
AGy + D M =AY G, +(1-2) G,
= z=1

In the formula, as A increases, 1t indicates that the neighboring data

have more weighting effect to the output data; by contrast, as A decreases,

it indicates that the old and new historical data have more similar weighting

effect to the output data. For example, when j =7 =4, 1f A =0.9, Zjy can

10 be shown as Ziy = 0.9Gy+0.09G;+0.009G;,+0.001G;. This

indicates Ziy is greatly affected by Gigy. By contrast, if A = 0.1, Ziy can

be shown as Zyy = 0.1Gi+0.09G;5+0.081Go+0.729G;;. 1t can be
seen that Gy, Giz, and Gy similarly affect Zyy.

Moreover, the gradient EWMA difference of the grayscale images

15 means that the gradient EWMA difference of the point Aly is on the

reference segment 41 { 7Y ), and it is defined as the difference (Ej)

between the gradient of the grayscale image and the EWMA (Z;y ) of the

£ <Gy - 7]
point Al ik T K ikl Ag Ej; decreases, the possibility of

the point to be the desirable suggestion point increases. Since the measured

20 point on the first reference segment has no former reference point for
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calculation, j is 2 or more.

The following description explains the effect of the gradient EWMA
difference of the grayscale images applied in the present invention by actual
data. With reference to the following Table 4, Table 4 shows the
conversion from the coordinates of each point (in the image) on the
reference segment to the gradient EWMA difference of the grayscale
images in the present example, wherein the EWMA of the initial suggestion

point is 64. In the first row of Table 4, k 1s the number of each measured

. ol I
point on the reference segment " 7" | The second row shows the

gradient (G 1) of the grayscale image of each measure point. The third
row shows the corresponding [y 14 of each measure point. In Table 4, the

Z; of the suggestion point is the EWMA (Z;;-) of the suggestion point on the

reference line Xy obtained by the moving variance. As listed in Table 4,

the points 15, 17, and 18 show the minimum gradient EWMA difference of

the grayscale images, and the following are the points 12 and 19 m order.
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k 1 2 3 4 5
Girik 77 81 79 78 92
Eiir 2.6 3.4 3 2.8 5.6

k 6 7 | 8 9 10
Ginig 94 63 &7 88 78
Eiip 0 5.8 4.6 4.8 2.8

k 11 12 13 | 14 15
Giix 33 50 52 61 65
ik 2.2 2.8 2.4 0.6 0.2

k 16 17 18 19
Gip 62 65 65 67
Eieip 0.4 0.2 0.2 0.6

Table 4

Example 5

in this example, the step SC of the method for retrieving a tumor
contour of an image processing system that includes a memory storing a
grayscale image and a processor according to the first embodiment of the
present invention, the tumor contour suggestion point on each of the
plurality of reference segments can be retrieved in sequence by an angle
retrieving method. As shown in FIG 12, the angie retrieving method
comprises the steps of:

when there are no tumor contour suggestion point before a last
tumor contour suggestion point, defining one of the plurality of measured

points on the first reference segment as a first point, and one of the plurality
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Gii+lk 62 65 65 67 Ed+ ik 0.4 0.2 0.2 0.6 Table 4 Example 5 In this
example, the step SC of the method for retrieving a tumor 5 contour of an
image processing system that includes a memory storing a grayscale
image and a processor according to the first embodiment of the present
invention, the tumor contour suggestion point on each of the plurality of
reference segments can be retrieved in sequence by an angle retrieving
method. As shown in FIG. 12, the angle retrieving method 10 comprises
thé stepsuedd poinsemtiieraarermbriferencontumanggesticrpothpbeforer
a last tumor contour suggestion point, defining one of the plurality of
measutbdrpointsron tadirstaeferenvezgegivenpaina hiedopoithie dagt dngor
the plurality of measured points on the second reference segment as a
SRR SHESEF e HeHle 46 BRBELIMS EMOIUCOGRIESTIESRTROBeRSEL
the last tumaor contour suggestion point, defining the tu ontour,

or
RRIGERBIE ittt BERse HRRIQUF rSHEFSORbUP TG RESHBR pUitk B8 e fid
p(g%ﬁtg,land e;inin the last tumor contour sug estio%goint asdthe.s§cond
poInt,

Mg N fihg T VeSS ngnsguﬁ%%{%ﬁg R E)g”lsn o?ﬁceogec%%lboint

as a fist yetfh AN XeEIUS Ao P MANE ASAnd Rat L aanh gl s o

plurality of measured points ort'a next reference segment as a plurality of
SRRQNLVRRIUNSI vectors going from the second point to each of the plurality
of measured points on a next reference segment as a plurality of second

vectors;
calculating the cosine values of the angles included by the first
vector and the plurality of second vectors, respectively; and
taking the one of plurality of measured points on the second next
reference segment, being the end point of the second vector corresponding
to the angle having maximum cosine value, as the tumor contour suggestion
point on the second next reference segment.

In this example, the angle 1s used as the main consideration wherein
the relative position of the neighboring three suggestion points is

considered. Since the contour of the tumor belongs a continuous curved

track, the position and angle differences between the distant of the point

Alyy on the reference segment 41 (OI {fﬂ 5 ) and the third suggestion point,

should be as small as possible. In other words, using vectors for illustration,
the cosine of the included angle between the vectors going from the first to

second suggestion points and those going from the second to third
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10calculating the cosine values of the angles included by the first vector
and the plurality of second vectors, respectively; and taking the one of
plurality of measured points on the second next reference segment, being
the end point of the second vector corresponding to the angle having
maximum cosine value, as the tumor contour suggestion 15 point on the
second next reference segment. In this example, the angle is used as
the main consideration wherein the relative position of the neighboring
thnpgsiggepbam peinialis benstdradtiBintkdhecantotinthé tnelumedrangle
belongs a continuous curved track, the position and angle differences
Brstvesn the distantogthagdiamehal fivh thesesturéritggesfmarpant and

Olugi ) and the third suggestion point, should be as small as possible. In

dhseesiag, TiegRetes PR P URESHEABP Y Ko dMEBRNBIANOEE Arigie

between the vectors going from the first to second gu gestion points and
n

tHsdudrsir g arecdssondtocmiiae g5edibrstiniserisars be Ssiniss:

h i f the inclyd leb h ing.f h
O S S L S ot ST LT by e
SHALESHYR ;‘g%#%@&&&%ﬁ‘é?ﬁ%%%ﬁﬁ@%é@%’&%@% HEGHRASESo

the cosine the (cose) increases. Besides, due to cose In Guadrants |
ad dMSROSHINEs Hie GRUIALYSERDUNRARY (he CONVO W OptReHMBFabn
the minor curvature between the neighboring two suggestion points can
He expressedy Thaanglefewad:n the ptesentdnigntifrisarnauxdligyestion
index of features. In other words, a fonner two suggestion points are
requitedranegiheadhansl goeithinei s jgerfohmex toerévriewe achirthitOe a third
suggestion data point selected from the next reference segment. With
rejggesrtetoRicpoThRtlacicd deprotisasferaitsenssgipemea] includes
a plurality of measured paints 22. Basically, the method for retrieving a

suggestion PIREATACK e ca b r'is GasrdBSeIsNeNFs Tsenhsad
th f movi i d ibed.i ; 1, first 15 B
bR et @m% i SrgRiee for
;FJ%%O&? segments.al g%%%%ﬁief?&%e fine 4..Lhen, e vector qong .
rom the first to-second uggestion points, and that going from the Secon

MU DG SPHHRR PRIV O LR BSIBRRANAGLEISIRACE first

segment 41 are calculated respectively as the first and second vectors. 20
SuBsesisntvuthe sesinesiatdhe inaldedrangle beiwess hadisbang two
second vectors are calculated. Among the cosines of the included angle,
thefenaxianad gosing i$ Ichb denrefiackthe: dorsespdhdingimeasucedpoigt f28m
on the neighboring measure line segment is retrieved as a suggestion
pbintias2. Otlher sud gritizas pointscanssretricy dtlafrgniothdreafetbacescond
segments in the abovementioned manner. Basically, the cosine of the
atigiecstitic peint Afiklon measierénpeisEymentyl tojahbpregefinbasnce
the cosine (lAuk) of the included an%le -,PS--

segment 41 are caiculated respectively as the first and second vectors.
Subsequently, the cosines of the included angle between the first and second
vectors are calculated. Among the cosines of the included angle, the
maximal cosine is chosen, and the corresponding measured point 22 on the

neighboring measure line segment is retrieved as a suggestion point 412.

Other suggestion points are retrieved from other reference segments in the
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between the vectors of PS-, 2PS uuandIAl uk . The relationship of 5 the
abovementioned parameters is shown as the following formula 5-1. Aijk-
(xPSti-1 - xP8111-2 )(x'Sit 2 )SU" ) 1(Xpc 1/4,T-1- X yp4,  (formula5-1)
As the Auk increases, the possibility of the point to be the desirable 10
suggestion point increases. Since the measured points on the first and
reference segments has no former reference point for calculation, .1-is 3
or more. The following description explains the effect of the angle applied
inltbeqareseidrisdentioneby actual data. With reference to the following
Table 15 5, Table 5 shows the conversion from the coordinates (in the
image) t& tsecaligleiof eashpofithomtigterefaienpeisegnignoithie reference
coordinates (in-the-image) of the suggestion point PS;J, is (237,193), and
tegofettieddugGEstion peide S, ais 23608983, (v the difshromdtTiadlersic

k is the number of each measured point on the reference segment We,

+2. The second and thirg_sfgiw?gﬁjw the rdimgate (X Aill+2k ,ly+2k )(in
thetmageihefeathrmeasure point) Thedaurthifol SHbws therelationship of
corresponding Ali+2k of each measure point. In Table 5, the

CRILSIRANAING FYQ9E ?}%?Qn'i)ec{gps RSUSING the following formula 5-1.
Ak =
(ps,,, =Xps, WO, =Xps, )T Opg =Yg, Wy, — Vs, )

-V PSy_y )2

ik

) 2 2 2
\/ (lps;:j!ml "‘xps;j.wz) +{yPS{f4 “J’pf,;_.f.,mz} \/ (nggk ”xpgj._I} +(Vy

veveneen(formula 5- 1)

As the Ay increases, the possibility of the point to be the desirable
suggestion point increases. Since the measured points on the first and
reference segments has no former reference point for calculation, Jis 3 or
more.

The following description explains the effect of the angle applied in
the present invention by actual data. With reference to the following Table
5, Table 5 shows the conversion from the coordinates (in the image) to the
angle of each point on the reference segment. The coordinates (in the image}
of the suggestion point PS;- 15 (237,193}, and that of the suggestion point
PSjp41 is (236,193). In the first row of Table 5, k is the number of each

measured point on the reference segment OZ, .1/, ., . The second and third
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reference line 131u. obtained by the moving variance is the coordinate 5
(237,193), and the corresponding suggestion point PST on the reference
line B1 llyl obtained by the moving variance is the coordinate (236,193).
As listed in Table 5, the points 4, 5, and 6 show the largest angle, and the
points with angles next to the largest angle are the points 1, 2, and 3 in
order. Another reason why the angle value is an auxiliary index of 10
features is that the coordinate (in the image) belongs discrete integer
data. Generally, one point in a physical coordinate system has many

rrqundi ' -points {8690 azimitha! angl 0 int.i
%%ﬁeggé%%ﬁ%%g@%gﬁghgs onl{/‘alght surrgﬁ%\giﬁg}lpbéﬁér%tsﬂ%%%bwea&%
directions in a plane) in total. Hence, if the two reference segments are

tBFBIIER, BREMS dA BTG ishIBhdBed e s nAmtday he: of each
influence of the djst , and thus the ve]cé%)r of the included angle
ﬂﬁ%&%&?@hutﬁhﬁnﬁﬁgﬁ% G&CBHeR” %&B@e%lf%%ﬂlflég%?%ge
229 230 231 Yi44,,-2k 194 194

. B 1 : . . . ‘
reference line ~ Y obtained by the moving variance is the coordinate

(237,193), and the corresponding suggestion point PSi_;m on the reference

line B; 11 j+1 obtained by the moving variance is the coordinate (236,193).

As listed in Table 5, the points 4, 5, and 6 show the largest angle,
and the points with angles next to the largest angle are the points 1, 2, and 3
in order. Another reason why the angle value i1s an auxiliary index of
features 1s that the coordinate {in the image) belongs discrete integer data.
Generally, one point in a physical coordinate system has many surrounding
azimuthal points (360° azimuthal angles) but one point in an integer
coordinate system has only eight surrounding points (eight directions in a
plane) in total. Hence, if the two reference segments are too close, the
azimuthal angle is supposed to be limited by the influence of the distance,
and thus the vector of the included angle subsequently output probably

becomes acceptable.
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194 193 193 A1-h21, ,0.994 0.992 0.990 1.0001.000 k678910 232

233
k i 2 3 4 5
X 227 228 229 230 231
Al ooy
y 194 194 194 193 193
A‘g_',r‘+2k
Ajisox 0.994 0.992 (0.990 1.000 1.600
k 6 7 8 g 10
x 232 233 234 235 236
Al
193 192 192 192 192
Vb
| Mg o 1.000 (1.649 0.894 0.707 (.000
k i1 12 13 14 15
x 237 238 239 240 241
Alygiak
y 191 191 191 190 190
Al;?;‘+2k
Aok -0.447 -0.707 -0.832 -(.800 -(.857
k 16 17 I& 1o
'y 242 243 244 245
! /Uyufzk
190 189 189 189
yA*@ﬁZ!‘(
Ajreai -(3.894 -(.868 -0.864 -0.914
Table 5

Please refer to FIG. 13, which is a flowchart of the method for
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234 235 236 YA4,2k 193 192 192 192 192 1.000 0.949 0.894 0.707
0.000

retrieving a tumor contour of an image processing system according to the
second embodiment of the present invention. The method for retrieving a
tumor contour for an image processing system that includes a memory
storing a grayscale image and a processor according to the second
embodiment of the present invention comprises:

Step SA: receiving an input tumor contour of the grayscale image;

Step SB: defining a tumor contour annular region and a plurality of
reference segments of the grayscale image, wherein the mput tumor contour
is in the tumor contour annular region, and each of the plurality of reference
segments is across the tumor contour annular region and includes a plurality
of measured points;

Step SC: retrieving a modulated tumor contour suggestion point on
each of the plurality of reference segments; and

Step SD: linking all the modulated tumor contour suggestion points
on all of the reference segments, for forming the modulated tumor contour.

Besides, in step SC, the modulated tumor contour suggestion point
on each of the plurality of reference segments is obtained by the following
steps:

Step C1: normalizing the value of all the measured points on the
reference segment retrieved by a moving variance retrieving method, the
value of all the measured points on the reference segment retrieved by a
contrast retrieving method, the value of all the measured points on the
reference segment retrieved by a distance retrieving method, the value of all

the measured points on the reference segment retrieved by a gradient
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1112 113 14 15 XAi ,j+2 k 237 238 239 240 241 YA1/1+2k 191 191 191
190 190 Aii2k -0.447

EWMA difference retrieving method, and the value of all the measured
points on the reference segment retrieved by an angle retrieving method
into value between 0 and 1;

Step (C2: determining modulating criteria for each of the
aforementioned retrieving methods; calculating a weighting parameter for
each the measured points on the reference segment, by multiplying product
corresponding to each of the aforementioned retrieving methods together,
wherein each of the products is obtained by multiple the normalized value
of the measured point for the number of times equal to the modulating
criteria of the corresponding retrieving method, respectively; and

Step C3: retrieving the coordinate of the tumor contour suggestion
point on the reference segment by calculating the average coordinate, from
the sum of the product obtained by multiplying the coordinate of each of the
measured points on the reference segment with the corresponding
weighting parameter, respectively.

However, in the moving variance retrieving method applied in Step
C1, each of the plurality of reference segments includes a plurality of local
segments and each of the plurality of local segments includes a plurality of
moving horizons; each of the plurality of local segments consists of one of
the plurality of measured points, at least one measured point before and at
least one measured point after the one of the plurality of measured points,
and each of the plurality of moving horizons consists of one of the plurality
of measured points in the corresponding local segment and at least one

measured point after the one of the plurality of measured points; and the
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-0.707 -0.832 -0.800 -0.857 k1617 18 19 242 243 244 245

value of all the measured points on the reference segment are retrieved by
the moving variance retrieving method comprising the steps of: calculating
a gradient variance of the grayscale image in the plurality of local segments
and an average gradient variance of the grayscale image in the plurality of
moving horizons; caiculating the ratic of the gradient variance of the
grayscale image in the plurality of local segments to the average gradient
variance of the grayscale image in the plurality of moizing horizons; and
retrieving the measured point corresponding to the maximum ratio as the
tumor confour suggestion point.

On the other hand, in the contrast variance retrieving method
applied m Step CI, a center of gravity of the mput tumor contour is
retrieved and a plurality of contrast reference segments is defined, each of
the plurality of contrast reference segments extends from the center of the
gravity to of the corresponding reference segments, respectively; and the
value of all the measured points on the reference segment are retrieved by
the contrast retrieving method comprising the steps of: calculating gradients
of the grayscale image in the plurality of reference segments and an average
gradient of the grayscale image in the plurality of contrast reference
segments; calculating the differences between the gradients of the grayscale
image 1n the plurality of reference segments and an average gradient of the
grayscale image in the plurality of contrast reference segments; and
retrieving the measured point corresponding to the maximum difference as
the tumor contour suggestion point.

In the distance retrieving method applied in Step CI, the value of all
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Yilc2k 190 189 189 189 Ali2k -0.894 -0.868 -0.894 -0.914 Table 5
Please refer to FIG. 13, which is a flowchart of the method for retrieving a
tumor contour of an image processing system according to the second
embodiment of the present invention. The method for retrieving a tumor
contour for an image processing system that includes a memory storing a
grayscale image and a processor according to the second embodiment of
the present invention comprises: Step SA: receiving an input tumor
chtmrasiitied grapscale theagésrencStep®Bntiefinieg®mvarhor seqmieuce by
annular region and a plurality of reference segments of the grayscale
iyl sioneteta evinguRhrst combusiBantisestantopbontstr Bisaelare no

region, and each of the plurality of reference | )
tugmor contour suggest?on po¥m‘s before, taking one of the plurality of

measured pomts on the first reference segment as a first point, or when there
is one tumor contour suggestion point before, taking a last tumor contour
suggestion point on one of the plurality of reference segments as the first
point; taking one of the plurality of measured points on the next reference
segment as a second point; and retrieving the measured point on the next
reference segment, having the minimum distance between the first point
and the second point as the tumor contour suggestion point on the next
reference point.

In the gradient EWMA difference retrieving method applied in Step
C1, the value of all the measured points on the reference segment are
retrieved in sequence by the gradient EWMA difference retrieving method
comprising the steps of: when there are no tumor contour suggestion points
before, taking one of plurality of measured points on the first reference
segment as a reference list; or when there is one tumor contour suggestion
point before, taking all of the pervious tumor contour suggestion points as
the reference list; providing an EWMA weighting formula; determining the
weighting factor of the EWMA weighting formula and receiving the
EWMA value of the reference list by the gradients of grayscale image of
each of the measured points or the tumor contour suggestion points in the
reference list; using the EWMA value of the reference list and the gradients

of grayscale image of each of the plurality of measured points on the next
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10 segments is across the tumor contour annular region and includes a
plurality of measured points; Step SC: retrieving a modulated tumor
contour suggestion point on each of the plurality of reference segments;
and Step SD: linking all the modulated tumor contour suggestion points 15
on all of the reference segments, for forming the modulated tumor
contour. Besides, in step SC, the modulated tumor contour suggestion
point on each of the plurality of reference segments is obtained by the
fodpwing stepsn&tensGHe nppnalainenibe yatke ofwilihereeasimedPeis;
on the 20 reference segment retrieved by a moving variance retrieving
ndethocgtiiecvalupuofallttireENe RS red phints o the: lefer ehed el trentue
retrieved by a contrast retrieving method, the value of all the measured
poiritschrothth eeféveality selgmentistipeetibpa distapsknfgfenigsegment;
method, the value of all the measured points on the reference segment
raffe @y thgranreRt BRI URFERREIFEHOARYEIHBE, 2fd fsdayanse

of all the measured points on the, reference segment retrieved by an anglie
e

rSREEURy R Tt AT DR (S HB Erf £ St R 2T S i gy =
S e R A DRI MARHANC e iR s o

ing parameter for each the meastred points on the

r ei?[gﬁqg iplyi sponding to each of the
agfqé%rgr%gﬁ)ﬁﬁo e retﬁ%gn%r%%%%gﬁ(ggé%é%%ﬁerem each of the products
is obtaingd hymtinledhe nosralized vrlue afdhsimeaswied painiiortlge
number of times equal to the modulating 10 criteria of the corresponding

refriqyinghanethaduresppelivelyo@nthe refofepde3séptieningrtheapnaidaia
of the tumor contour suggestion point on the reference segment by
cedquiating itethverag ke caordinate, iiethatiecsummofiie frodigpolo@ivedn
by multiplying the coordinate of each of the measured points on the
réfererie SugibemenabRiiceHEspBHIIingP1BWetdhting paraitater, contour
respectively. However, in the movin&é%/ariance retrieving method applied in

SHeREeTERCRURthES i BE rafeton BhualivefsTsariied Fpiniany dre

l%ﬁ‘asllt reference segment as a first point, and one of the plurality of measured
points on the second reference segment as a second point; or when there is
one tumor contour suggestion point before the last tumor contour
suggestion point, defining the tumor contour suggestion point before the
last tumor contour suggestion point as the first point, and defining the last
tumor contour suggestion point as the second point; defining a vector going
from the first point to the second point as a first vector, and vectors going
from the second point to each of the plurality of measured points on a next
reference segment as a plurality of second vectors; calculating the cosine
values of the angles included by the first vector and the plurality of second
vectors, respectively; and taking the one of plurality of measured points on

the second next reference segment, being the end point of the second vector
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segments and each of the plurality of local segments includes a plurality of
moving horizons; each of the plurality of local segments consists of one of
20 the plurality of measured points, at least one measured point before
and at least one measured point after the one of the plurality of measured
points, and each of the plurality of moving horizons consists of one of the
plurality of measured points in the corresponding local segment and at
least one measured point after the one of the plurality of measured points;
anshid oraliig: cloatkiheméasures peinisionithedeferencduee gmeht anenor
retrieved by the moving variance retrieving method comprising the steps
of wtioutasthgges gradienttandhceafhe geayscilecintagegmths. plurality of
local segments and an average gradient variance of the grayscale image

in the plias Grmborer RerzeRnsdcalkings sy tserarmsmsdighbinsi been
variance of the grayscale image.in the plurality of logal segments_to th
ARHHREGridieRPTHHEN e Bf h@larswefﬂé m@a@m% ﬂﬁ@%ﬁm& of

moving.horizons;éfmd retrievin%the measured point corresponding to the

e IIRE PR ES e G IS5 suggestion point. 100n the other

hand. | i ur L L |
conter o T S e IO b o
CORraat relesaNGa R0 'ﬁﬂéegg%n?%%“ oktheakualineheentrast be

reference segments extends from the center of the gravity to of the

cgéf@@ﬁﬁ@@ iBg cefafrnee nogmeniSTIRsRSGtMEY vanddn et Shvakveried &l for
the

measured points on the reference segment are retrieved by the
cantiesiretiavingmeathudicafi prising thepsteps sih g alpstatinglgtizdipraseof
the grayscale image in the plurality of reference segments and an average
gadiohvofae by ajesaldrirmay edpotseng unaitiz shoehteset befogrsegnized
segments; calculating the differences between the gradients of the

PEYERAIEY0 THAHRPH BSESHIS 3R oFr ElciBH & delgmantsdedcan Wdvabes
gradient of the grayscale jmage .in the plurality of contrast reference, ..
SR RE TSR g AAE FRES éﬁ%ﬁﬁ%ﬁsgp% filBtard discs,
xirg m.difference as%tge tu f1s ug u%%estion %irrg]t_.aln %hg HEmOT
CACEAIS AL RGN SplAd N Sl C T The VATOR B the memory
MRAMIELPARI AL IO IRIRIERERE MBS IRIHRVEROR R eUAIC B e

ance retrieving met mprising the steps of: when there are no

tumatcaptounsuggestion peints betaieyiaking ersRf toadiwralitysef image
measured points on the first reference segment as a first point, or when

themrddmoneyisiaiar gootnupriggestior gpeidt befone, takingkdllashiummorthe
contour suggestion point on one of the plurality of reference segments as

therfistipoitiniaking oar ahihe phundlitpof ewsiteedqioivisomthe ormytiter
reference segment as a second point; and retrieving the measured point
opreigmanext réfreriie gogiherd ckriviriaRenaifniensaisratice e v W
first point 10 and the second point as the tumor contour suggestign point

oRr s R skt d e dlsome o fd Yy SRRERY IR RIA IR FARERITRT g age
meliod applied n Sten Cl e valie of all e Mmeamued ppintzen e
Although the present invention has been explained in relation to its
preferred embodiment, it is to be understood that many other possible
modifications and variations can be made without departing from the scope

of the invention as hereinafter claimed.
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retrieved in sequence by the gradient EWMA difference retrieving method
15 comprising the steps of: when there are no tumor contour suggestion
points before, taking one of plurality of measured points on the first
reference segment as a reference list; or when there is one tumor contour
suggestion point before, taking all of the pervious tumor contour
suggestion points as the reference list; providing an EWMA weighting
formula, determining the 20 weighting factor of the EWMA weighting
folinula and receiving the/EATATYAHUE AT MERESence list by the
gradients of grayscale image of each of the measured points or the tumor
contour sudgestibogdintsdtritharngferencer listntsimgpthenEWAZA peloessing
the reference list and the gradients of grayscale image of each of the
pHYEAEE) Bidhaududsd pORRBIORMIEONEE & elsavetesEnngsritist 4HE Q8PEROr,
variables_of the EWMA weighting formula; defining the output of the
BWIRRUREGhting formula as the EWMA value of each of the plurality of
measurec%cpoints on the next referenie S%ﬁnt; and taking the one of
g

plurality B4 A BBl S BT R #hiving the
ini diff bet th dient le i t
the EWIA S Aot AL o e e R TR

NEXRIIEOF BB 1@%@3&49%&%'@1&%@%@8&6&9@%‘Ehe

Step Cl, the valu€ of all the measured points on the reference segment

afgnkel iRt 1Qiraenegiby thesangle Kt ing miethorhCcanpisitence
the steps of when there are no tumor contour suggestion point before a

lasinmar contesssshggastmnepatoldafnihg one @f thel phalaldysef plurality
measured points on the first reference segment as a first point, and one of
tlod plesalitgdbmetsured

retrieving a tumor contour Suggest_ion point on each of the plurality
of reference segments; and

linking all the tumor contour suggestion points on all of the
reference segments, for forming the tumor contour.

2. The method as claimed in claim 1, wherein each of the plurality of
reference segments includes a Iﬁlurality of local segments and each of the
plurality of local segments includes a plurality of moving horizons;

wherein each of the plurality of local segments consists of one of the
plurality of measured points, at least one measured point before and at least
one measured point after the one of the plurality of measured points, and
each of the plurality of moving horizons consists of one of the plurality of
measured points in the corresponding local segment and at least one

measured point after the one of the plurality of measured points; and

wherein the tumor contour suggestion point is retrieved by a moving
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points on the second reference segment as a second point; or when there
is 15 one tumor contour suggestion point before the last tumor contour
suggestion point, defining the tumor contour suggestion point before the
last tumor contour suggestion point as the first point, and defining the last
tumor contour suggestion point as the second point; defining a vector
going from the first point to the second point as a first vector, and vectors
going 20 from the second point to each of the plurality of measured points
Ofadi N4 refatrneas srRIMRNt @S Brfitalile etgecond vectors; calculating
the cosine values of the angles included by the first vector and the
plurality cflsetamcvectgradiespectivetycand tdidngthesoale ofrphgrlity ahe
measured points on the second next reference segment, being the end
pointalfitheofeborid \isgioredsrraspondirty toage @natbamdyivayiarsémuimthe
cosine value, as the tumor contour suggestion point on the second next
refenetatedapaent the RHEAHO ABRMENAEIEHEYS kinds of retrieving

method hayve pbeen described in Examples 1 to.5, the detailed explanation
of thisse SR GRS TSGR} e A e BhiDe Eppacale mage

SBoyeIEIonEd SioRs I he meihods for Ieeying amorTiout o630,

Smg system o e present inven e periorme

COMPELARGRTE JIDB AEANETE MR e ethads for reieving 2

r contour of an image processing system of the present 10 invention

can be sfergeiiihanudenerdingdnssia capalissplibeins reroanizad ahread

by a microprocessing unit, or in any articles and devices including the

resardingnve divmolheuggisiésaiial limited, and can be hard discs,
flexible discs, compact discs, ZIP, MO, IC chips, random-access memory

(RAM), @, dine antithes! inckldinge the deording: Redizckeiovarcbytenel sidledy
15 in the art. As the methods for retrieving a tumor contour of an image
peddbesing s ureaT kondams etesianEd e nepbinalbheoflaPREGNT eherence
computer language can understand how to write software and computer

pPBEPAFHES ACESHaRECHE GéticdRING O therBbivara laFRIEB Mkt
programs related to the methads for retrieving a tumor contoyr of a
RAGEDD RSB0 Ateih B BrBSat KSR MY MU Begrence
herein. AItho%%)Q e present invention has been explained in relation

0

31.
{61 r%?lé &rred embodiren , it is to be understood that many other

sl SR Bl B e
contrast retrieving method comprising the steps of:
calculating gradients of the grayscale image in the plurality of
reference segments and an average gradient of the grayscale image in the
plurality of contrast reference segmenits;
calculating the differences between the gradients of the grayscale
image in the plurality of reference segments and an average gradient of the
grayscale image in the plurality of contrast reference segments; and

retrieving the measured point corresponding to the maximum

difference as the tumor contour suggestion point.
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WHAT IS CLAIMED IS: 1. A method for retrieving a tumor contour of
an image processing system that includes a memory storing a grayscale
image and a processor, comprising: 5receiving an input tumor contour of -
the grayscale image; defining a tumor contour annular region and a
plurality of reference segments of the grayscale image, wherein the input
tumor contour is in the tumor contour annular region, and each of the
plurality of reference segments is across the tumor contour annular region
and incluglesia-Rlwaity 49 %W%%Q%ﬁ@of clAGHieYing 3 WROin the
contour suggestion point on each of the plurality of reference segments
angmor Wekngalkihetiha eritouissuggesiah poiigamed ofthe distance
reference segments, for forming the tumor contour. 152. The method as

claimediinpataétndd whensisiegdhosthespirality of reference segments
includes a plurality of local segments and each of the plurality of local

segmentsirriudsseadsiurlitpBioh GEnpHo AReEsstion \phissi rbe s ofalhiag

plurallty of local segments consists of one of the Iurallty of measured
pswzso P&ié%ﬁ@fagl%‘ﬂl RYBIS G SISOt B R SPERST 2
int after the one of t%ﬁlurall of measured points, and.each of tr:% ore.

F%ﬁ@%‘i%% HBriZ5he torf? %t&“é‘i‘%&%’f &%&W18Pnﬁ’é’é’§&

h
I e R T o
YR GoNIQY ?é@‘%ﬂe‘ﬂ@% ?ge&rleved by a moving variance

retrieving method comprising the steps of: calculating a gradient

variance@kihe BrRYSERR PIaasil UTiusalibl ¢YdpaslceamentaaettAthce

average gradient variance of the grayscale image in the plurality of
m@gnghosizanscbadlpulatingidhe ratio of the gradient variance of the
grayscale image in the plurality of local segments to the average gradient
variance et igrasisc aledmaged pothiequl thaliny of reicving  ctigorst dml g
retrieving the measured gomt corresponding to the maximum ratio as the

tubR PEsHSUDsUgi s Agvieen1 b, i pestiomd Jhaneradth Reamas dhe

2, wherein a center of gravity ,
tumor contour suggestion point on the next reference point.

5. The method as claimed in any one of claims 1 to 4, wherem the
tumor contour suggestion point is retrieved in sequence by a gradient
EWMA difference retrieving method comprising the steps of:

when there are no tumor contour suggestion points before, taking
one of plurality of measured points on the first reference segment as a
reference list; or when there is one tumor contour suggestion point before,
taking all of the pervious tumor contour suggestion points as the reference
list;

providing an EWMA weighting formula;

determining the weighting factor of the EWMA weighting formula

and receiving the EWMA value of the reference list by the gradients of
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of the input tumor contour is retrieved and a plurality of contrast reference
segments is defmed, each of the plurality of contrast reference segments
extends from the center of the gravity to of the corresponding reference
segments, respectively; and 15wherein the tumor contour suggestion

point is retrieved by a contrast retrieving method comprising the steps of
calculating gradients of the grayscale image in the plurality of reference
segments and an average gradient of the grayscale image in the plurality
obEORAR refRkenGs segmestsihOaniaulatiag sbmeifisremeesbebveamiber
gradients of the grayscale image in the plurality of reference segments
anekassaier agengsddidnt nfftrergraliscale image in the plurality of contrast
reference segments; and retrieving the measured point corresponding
to the masimgthdifféddce usltsealinior timeucsdggestibripogmdientsdof
The method as claimed in any one of claims 1 to 3, wherein the tumor
cerBtraagieatow bsrrlisokthevrlyialBygnt meapyradireanie e tifes pgxt

method comprising the steps of: when the?%eéare no tumor gontour

SYGEH SRR arde BRI 8T o Ao Gy or Wraaktinsdtpamida:
on the first reference segme s afirst point, ar whep there is one
contour SO O bR B Gy e SHHBE AROUr A

| t rali e S ' int;
D o T R B S Ll R Bence
sg%ﬁ@gtagrﬁlsecond point; and  retrieving the measured point on the
next reference segment, having the minimum distance between the first
point and-kie sesenshpeiNbRFINe tuMeksanied Heuggestia prikt Atdhaice
next reference point. 5. The method as claimed in any one of claims
IsephenhdreinitheliEmtimoneo diciar sncgbstionspaing isadidaved grayvscale

. sequence by a gradient EWMA difference retrieving method comprising

theggispdlugreol whéntherE Wildo wahor dbsteof.suggdstionpuintsontour
before, taking one of plurality of measured points on the first reference
SEYEEERI AR RYBYeRBrds RexTiefERah 8FETR B He tumor contour

suggestign point before, 20 taking all of the pervious tumor contour |
suggestibn HOTRSLR s SRR FoRTHrUIBIRG SHEWME welgERg™ the

MU oo Aeteng e weightng facior of the EWMAWCIGNING .1
formt?l% anH recelvu%&ef GOEV\W value of the referenc ﬁsf%y e &

%@&l@@{ﬁg}ng{ﬁggcgdﬁlrﬁg%%qﬁg% of fhe measured points or the tumor

contour stiggestion poi e reference list;
when there are no tumor contour suggestion point before a last

tumor contour suggestion point, defining one of the plurality of measured
points on the first reference segment as a first point, and one of the plurality
of measured points on the second reference segment as a second point; or
when there is one tumor contour suggestion point before the last tumor
contour suggestion point, defining the fumor contour suggestion point
before the last tumor contour suggestion point as the first point, and
defining the last tumor contour suggestion point as the second point;

defining a vector going from the first point to the second point as a
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using the EWMA value of the reference list and the gradients of grayscale
image of each of the plurality of measured points on the next 5 reference
segment as the input variables of the EWMA weighting formula;

defining the output of the EWMA weighting formula as the EWMA value of
each of the plurality of measured points on the next reference segment;
and taking the one of plurality of measured points on the next reference

10 segment, having the minimum difference between the gradient of
ofayscaladmagé thetenf gmadhednV\iMsvadue! theireat asdhe fueasiurality
contour suggestion point on the next reference segment. 6. The
nodthoek sisrethipoaatinosng onetofedtaimse] seememarein theralmorofasend
suggestion point is retrieved in sequence by an angle 15 retrieving
nY&#ecomprising the steps of when there are no tumor contour

suggestion paint befare a last tumor contour suggestion point, defining
one of tHE{sIARRZHIRERIRE BT Bh the R st e i E a1

fi [ d the plurality, of d pai h d
R S s usd i o socond
contour ?ﬁg%%séﬁ’é‘ &%”&Pﬁﬂ@f@ﬁ A?%%%%ﬁ&%‘{gss&%ﬁé%%@&%nﬁem

defining or contour'suggestion point last tumor contour
sHggRsiiandegintas g drsheaint soRds] %@s@?}%ﬂ@%&fﬁ?%@ﬁ%@?gnding
suggestion point as the second point; defining a vector going from the firs
pRinbéagsheonE PRiRiRsA dEstneeidicandiectarsoongd@ruthestion
second point to each of the plurality of measured points on a next
refsirenae thegreemnideexplefatityof sepordivectors; calculating the
cosine values of the angles included by the first 5vector and the plurality
of second. vestsidiaédpectividyingd tumeikisrnthsromieass iphagditgregessing
measured points on the second next reference segment, being the end
pBTEtER RS SHXGHESFR BICERFESTBHER G & BYS CRhg REF 3G ik AERRSOL,

cosine value, as the tumor contour suggestion point on the second next
r&f8reftE Segment. 107. A method for retrieving a tumor contour of an

image processing system.that includes a ory storing a grayscale
imag prgcervm an input Qunor. con?our .g%etﬂ]e Y sca'gg m%%é{
image and a pro€essor, comprising. receiving af |%ut umor €ontour of

the gfayﬁéﬁf}lg&;%aagﬁirﬂﬁpBB}ﬂ&lMHHﬁFa‘P@%{Bﬁgﬁﬂ'ﬂr&fﬁ@ﬁﬁflﬁﬁl%ference

plurality of reference 15 segments of the grayscale image, wherein the

IR LSRN ISR B EHAROGRBIOH GRHALT QiR entteach: oh the

plurality of reference segments’is across the tumor contour annular region
angrioelugescuplaraliiiaof eiasyuraddaintdi of the reideing amesiaies:
tumor contour suggestion point on each of 20 the plurality of reference
seggnentss ancdross fhkingral thertnodeatetelhtuemotantburcsudeesidurality
points on all of the reference segments, for forming the modulated tumor
cohmapsured points;

retrieving a modulated tumor contour suggestion point on each of
the plurality of reference segments; and

linking all the modulated tumor contour suggestion points on all of
the reference segments, for forming the modulated tﬁmor contour;

wherein the modulated tumor contour suggestion point on each of

the plurality of reference segments is obtained by the following steps:
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wherein the modulated tumor contour suggestion point on each of the
plurality of reference segments is obtained by the following steps:
normalizing the value of all the measured points on the reference segment
retrieved by a moving variance retrieving method, the value of all the
measured points on the reference segment retrieved by a contrast
retrieving method, the value of all the measured points on the reference 5
segment retrieved by a distance retrieving method, the value of all the
measurechpailis @i the: referense Seamenlaiineddng aindrnidfddile
difference retrieving method, and the value of all the measured points on
thegefatenae segirientratieugokyianangie katiigyingthiathdo ntduvadifenll
between 0 and 1; 10determining modulating criteria for each of the
aforementionddpetrieving tethederencecatgiatinig @wmieigttify paramustest
for each the measured points on the reference segment, by multiplying
preisotes R Puhintge Y alen Of #le thforapTsHiieh PRI cVINg tneafsagce

together, wherei h of th ducts 15 is obtali b Iltiple t
g el o o e e A ke e e e
Tt T

S | ' fere t lati v
B S L RS0 e
cRgidinate Qb eACh O HigVEasHed PR O ANSSEIICRRIIRRIMAD! Yillke
the corresponding weighting parameter, respectively; wherein in the
NRyingevariange retrieving method, each of the plurality of reference
segments includes a plurality of local segments and each of the plurality
of local skgenents ngclndek: b phg atitytefi anbvingdobrivdngiceatbrefitdrgtioned
plurality of local segments consists of one of the plurality of measured
puifisvangeastirdsmeasured point before and at least one measured
point after the one of the plurality of measured points, and 5 each of the

plurality stisidelaedrvossiipadespesder srehithamesturhegiat on
paints in the corresponding local segment and at least ong measured
i e T e A
the. measured peints.on.the reference segment are retrieved the
e e D e e SR ) SR AP Broducts

&g @&Lﬁﬂéwfﬂﬁﬁ@@wﬁw@ﬁég@%&% he AMARIN Y int for the

segments and an average gradient variance of the grayscale image in the

PHAIY% 05 MaKiRg %ﬂé@rtéi theCaleuliufg she satigobthengradieBiponding
variance of the grayscale image in the plurality of local segments to the

ameragery ackenbd.ovapantedl ihadrayscale image in the plurality of
moving horizons;
retrieving the coordinate of the tumor contour suggestion point on
the reference segment by calculating the average coordinate, from the sum
of the product obtained by multiplying the coordinate of each of the
measured points on the reference segment with the corresponding
weighting parameter, respectively;

wherein in the moving variance retrieving method, each of the

plurality of reference segments includes a plurality of local segments and
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and retrieving the measured point corresponding to the maximum ratio
as the tumor contour suggestion point; wherein in the contrast retrieving
method, a center of gravity of the 20 input tumor contour is retrieved and a
plurality of contrast reference segments is defined, each of the plurality of
contrast reference segments extends from the center of the gravity to of
the corresponding reference segments, respectively; and the value of all
the measured points on the reference segment are retrieved by the

CoMragiretieyingmethed |eempisingie alensdel o faleWating moving

gradients of the grayscale image in the plurality reference segments and
anoaveragecgthdiehtiol thrigraysedlddomor imibetplusakiyef cOoiasst the
reference segments; 5calculating the differences between the gradients of
timdugediys cdl eniensiges dhrthie plurality o forefenensersdgmanitbedntc amavé lages
gradient of the grayscale image in the plurality of contrast reference
segf@sasuwad point aﬁerréhmnﬁgqﬁéﬁm@astﬁiéw pYifnedvreep dnaiHg, tend

the maximum 10difference as the tumor contour suggestion point; .
visEReRt ihera et f rrE N ATETRBY Fﬂ‘%s\%ﬁfé% &%qﬁé%ﬁwsi&%a of

points on {he reference, segment are .etri(-,:{ved in sequence by the, distance

rERERVIE R Comsiig EREPSIRGE S 0RR SRS SRS et one
t  comph oy o

OB TR AP e BRI okd SRRSO AhEOS RUIHINEL. and he

tREIE S PR DR SRR ﬁ%ﬂ@%@?%%@é%é@?@&%}@%%@%d by

contour suggestion point on one of the plurality of reference segments as

thgefingloRaiat ﬁHﬁﬁ&%ﬁéﬂ%@M&ﬁd@dﬂ?ﬁiﬁ@gm@iMmﬁ\e next
20reference segment as a second point; an
calculating a gradient variance of the grayscale image in the
plurality of local segments and an average gradient variance of the
grayscale image in the plurality of moving horizons;
calculating the ratio of the gradient variance of the grayscale
image in the plurality of local segments to the average gradient
variance of the grayscale image in the plurality of moving horizons;
and
retrieving the measured point corresponding to the maxiﬁnum
ratio as the tumor contour suggestion point;
wherein in the contrast retrieving method, a center of gravity of the
input tumor contour is retrieved and a plurality of contrast reference
segments is defined, each of the plurality of contrast reference segments
extends from the center of the gravity to of the corresponding reference

segments, respectively; and the value of all the measured points on the

reference segment are retrieved by the contrast retrieving method
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retrieving the measured point on the next reference segment, having the
minimum distance between the first point and the second point as the
tumor contour suggestion point on the next reference point; wherein
in the gradient EWMA difference retrieving method, the value of all the
measured points on the reference segment are retrieved in sequence by
the gradient EWMA difference retrieving method comprising the steps of:
5when there are no tumor contour suggestion points before, taking one of

Phyality: ahmeasyigsk paints on the first reference segment as a reference
list; or when there is one tumor contour suggestion point before, taking all

of the pervious:Hisadsibeniaudsggestion peintsds theyeferaneslistality of
10providing an EWMA weighting formula;  determining the weighting
factor of thesfeniv Acgeightingnfbem ulecangereceiving diale/¢MAscaledrabge
the reference list by the gradients of grayscale image of each of the
measureth fbinpurkite eironicestsercseeestOMPYRits in the reference
list; 15using the EWMA value of the reference list and the gradients of
grayscale imagéiersp othise Miffeirarss nheigy Poinsradignisna the
reference segment as the 'an’%é/ar' s of the EWMA weighting formyla;

bl
defining #1&6{tHGt BRASE EWAR W ﬁ?ﬁ}% infGIS 58 e SSEERNTA Yu 8™
of each qf urality o sured points.on the.next reference segment;
O R R A R PR P ot
reference segment, gﬁgsgh&@inimum difference between the gradient
of grayscale image thereof and the EWMA value thereof, as the tumor
contour suggegtion PRIptRE heBedd efsrancerragmeiig to tMNBISRm
the angle retrieving method, the value of all the measure§ points on the
referencel seguiret arerettiauadcmsequange:bydhebiangle retrieving
method comprising the steps of:  when there are no tumor contour
suggestiovhpuoint beféhe adistainomoetcontimgr suethestiothpoimiudetifiing the
one of the plurality of measured points on the first reference segment as a
firsepoiedapeiwnobthee plaranse seagiaastipse pPolmes oh theespssg by the
reference 10 segment as a second point; or when there is one tumor
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second pRIRk i each of thePRBALY 6f MERSUBRRONISHR 3RS contour
reference segment as a plurality of second vectors; calculating the cosine
values oty anmlasgoahidestbietheifiist a last tumor contour suggestion
point on one of the plurality of reference segments as the first poing;
taking one of the plurality of measured points on the next
reference segment as a second point; and
retrieving the measured point on the next reference segment,
having the minimum distance between the first point and the second
point as the tumor contour suggestion point on the next reference
point;

60



20vector and the plurality of second vectors, respectively; and  taking
the one of plurality of measured points on the second next reference

. segment, being the end point of the second vector corresponding to the
angle having maximum cosine value, as the tumor contour suggestion
point on the second next reference

wherein in the gradient EWMA difference refrieving method, the
value of all the measured points on the reference segment are retrieved in
sequence by the gradient EWMA difference retrieving method comprising
the steps of:
when there are no tumor contour suggestion points before,
taking one of plurality of measured points on the first reference
segment as a reference list; or when there is one tumor contour
suggestion point before, taking all of the pervious tumor contour
suggestion points as the reference list;
providing an EWMA weighting formula;
determining the weighting factor of the EWMA weighting
formula and receiving the EWMA value of the reference list by the
gradients of grayscale image of each of the measured points or the
tumor contour suggestion points in the reference hist;
using the EWMA value of the reference list and the gradients
of grayscale image of each of the plurality of measured points on the
next reference segment as the input variables of the EWMA
weighting formula;
defining the output of the EWMA weighting formula as the
EWMA value of each of the plurality of measured points on the next
reference segment; and
taking the one of plurality of measured pomts on the next
reference segment, having the mimimum difference between the

gradient of grayscale image thereof and the EWMA value thereof,
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as the tumor contour suggestion point on the next reference
segment;
wherein in the angle retrieving method, the value of all the
measured points on the reference segment are retrieved in sequence by the
angle retrieving method comprising the steps of:

when there are no tumor contour suggestion point before a last
tumor contour suggestion point, defining one of the plurality of
measured points on the first reference segment as a first point, and
one of the plurality of measured points on the second reference
segment as a second point; or when there is one tumor contour
suggestion point before the last tumor contour suggestion point,
defining the tumor contour suggestion point before the last tumor
contour suggestion point as the first point, and defining the last
tumor contour suggestion point as the second point;

defining a vector going from the first point to the second point
as a first vector, and vectors going from the second point to each of
the plurality of measured points on a next reference segment as a
plurality of second vectors;

calculating the cosine values of the angles included by the first
vector and the plurality of second vectors, respectively; and

taking the one of plurality of measured points on the second
next reference segment, being the end point of the second vector
corresponding to the angle having maximum cosine value, as the

tumor contour suggestion point on the second next reference
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segment.
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