METHOD FOR RETRIEVING A TUMOR CONTOUR OF AN IMAGE PROCESSING SYSTEM
BACKGROUND OF THE INVENTION 1.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 technique, 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 B%FE@%W@J %m&mﬁ%% Gl %@@Msonography can

provide real-time medical 15 imaﬁ%ﬂ%ﬁ)@gﬁ% ' I%? jﬁé applied in medical examination
and diagnosis of tumoral changes. , gxﬁ%%f %ﬁ‘ the ultrasonog-raphic image in
detail, the pro ’g.’ 8 : | Nlcﬁta d by doctors. Thus, ultrasonography can

advantageousty-reduce y.-20 In ultrasonography, an imaging contour of a

v oftt ¥
tumor is a pringi@%jg%&ﬁgrmg{ﬁgposis of benignancy and malignancy. If the imaging contour of a
tumor obtained from ultrasonog,raphy can approximate the real appearance of the tumor, it is

beneficial 40 promote the.ageisanyial theisxamination of wmesyaidhednitialstagesmslinical
researches, professional doctors often
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

10 Owing to the non-invasive image-information technique,
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 -
15 imaging with high resolution, it 1s 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.

20 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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provide the diagnosis of a tumor through description or checklist after the ultrasonographic images are
output and checked. However, referring to the same image of the tumor, diagnostic variation between
different diagnoses of different doctors still occur. 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 %5%:%2(3 d tumor. Conventionally, the researchers delineate an imaged tumor to

t

deteimine the REME 81 RSB QBERIAEASIIHEIA Rt Fo adtsRIfdN of the
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aided by a computer is that mos € people who know t ation of the ima dptumor can depict

similar or even,the game eertaw of thgtygror. In other words, people are not required to carefully
delineate a tumor but only 20 approximately depict the boundary of the tumor with naked eyes. Then,

the computer can provigle-gfigreeahbotdan: Bhifie-tupToBmplaesithime defiaentigscamputer-aided
diagnosis is invariably highlighted in the research of medical image processing. For example, in 1987,

Michael Kass siaglirgstiardf Snake aigrtiieydivpd)idiead dnitifk-adundsi yuvas deteisadded first and
then an optimal boundary was found out sequentially by algorithm Therefore, Snake algorithm now
becomes one by theornuikerowigradtadysaire oreplicdidmagel moeé ssinhc Sivake Ragovidhim, also called
active contoughrgeg;gg&lﬁl;ir{g n{gl 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 determine the contour of the tumor. However, the definition of the image,
the recognition of the researchers for the boundary of the tuxﬁér, and the
operational condition of the researchers all incur the variation of the
determination of the contour of the tumor, and then undesirably affect the
15 examination or identification of the tumor.
One of the advantages for diagnosing the contour of a tumor aided
bj a computer 1s that most of the people who know the location 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
2(  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, Michae] Kass et al. set

forth Snake algorithm, in which an initial boundary was determined first
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5 becomes the most widely used algorithm in the research of medical image processing. In Snake
algorithm, the principal step is to find out delineation of a region with the minimal constraint of the
outside region to the delineated region and the minimal influence of the inside image to the delineated
region. Owing to the minimal constraint and influence, the 10 delineated region appears as movement
of a snake, and performs expansion and contraction. Snake algorithm can automatically search
data in neighboring regions, locally consider data in each region, and retrieve data according to a

feature by surrounding a region based on spatial consecution. The 15 advantage illustrated above is
the reason whiSr%Ed AJHRAMAS BNEEHY "RefvEUsHEIH MeahsatiatyaRy tHis suitable to

retrieve data frgm a line ent, a boundary, and a contour, to.dynamically track, and to
three-dimensicHi EBimsaHus: AIRCTSPE A0 OGS R CAR ol 1S RE BT contour o the
interesting imalge eScﬂ%k .Iarllgorithm can. propose 20 a final contour by recursive calculation. As shown

in FIG. 1, the contour of the ?ﬁfg?l%eisglre‘%ﬁeved by the conventional Snake algorithm. When

Snake algorithm is apglied.in, mﬂ&e Ia?s\gnga@g&paap@ygdcad%ﬁp 'ﬁklgdﬂﬁ&{g@g@having high
the

contrast difference between outside and inside neighborhoods o oundary, an acceptable result

can be Otﬂtai”@%dﬁ%ﬁﬁ@nﬁﬁwﬂé’lﬁ%g@ Litepifas an {RdistinglbowRdaR: RA hiRasehoicity, or

even has no hypoechoicity such that the applied Snake algorithm needs to be modified to depict the

contour clearlyreneiadly, ibrialek algoitnng dpppechédinvastidate thadensdelteaiieurvature, and 5
local gradient energy of each point in the regions (nxn mask) surrounding an predetermined point.

However, if thefremioes surretthdithy the predetermatednpoitt dne indisiitet rdecsedochiresult of the
regions surrounding the predetermined point is poor in Snake algorithm. If most regions surrounding
the main predéedtniinied peiienaradhdstineniSrkafleengeritintcainiotpropage seddstable results.
On the other hand, if calculating regions surrounding the predeteimined paint is expanded, Snake
algorithm conSlfHBeAEAg e8I RatifGTiRe dhdSinprivdeCansaaABH Felufader Bye-scaled

indistinct images Furthermore, the calculation of Snake.algorjthm requires a depicted contour of an
intial 15 HigioR SIERLER e oHameREr&: GRCERRPT i PO 1 hiSHaBENS DRRAHRd and the

image is indistin%t, Sn%ke algorithm cannot output an outstanding result in the ultrasonographic
. . and con ac‘acl'» g ) : )
imaging of a tumor. Tn"conclusion, the conventional delineation of a tumor needs to be carefully made

by hands of medical piqigssignale: i contrast: SHAeR 2lartimgguites ALiniig) approximate

contour of a clear predetermined region instead of delineation by hand, and a sub3equent

calculation perarpadhp GNPFRRERIAG0AARELI L8 GONERNGAN SIPKSAICrHhm DRyt etess, if the input
initial contour depicted by hand is required to very close to the actual contour of the predetermined
region, itis a feature by surrounding a region based on spatial consecution. The
15 advantage illustrated above is the reason why Snake algorithm 1s called an
“active contour method”. Snake algorithm is suitable to retrieve data from a
line segment, a boundary, and a contour, to dynamically track, and to
three-dimensionally comparison. As long as the initially delineated region
is near to the contour of the interesting image, Snake algorithm can propose
20  afinal contour by recursive caiculation. As shown in FIG 1, the contour of
the airplane is retrieved by the conventional Snake aigorithm.
When Snake algorithm 1s applied in ar 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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time-consuming delineation is inevitable. On the other hand, if the input initial contour is quite different
from the contour of the predetermined region, the calculation of the approaching is time-consuming
since Snake algorithm falls into no boundary calculation at the same time. Hence, Snake algorithm is
not suitable to be applied in an image which is not clear. SUMMARY OF THE INVENTION
Embodiments of the present invention seek to provide a method for retrieving a tumor contour of an
image processing system that includes a memory storing a grayscale image and a processor. A
method of retrieving a tumor contour implemented in an image processing system that includes a
memory storin§® el cHiomgEe s eiciias e ippbesavitedisiad provsisroaccording to
an embodiment of the present invention comprises: receiving an input tumor contour of the grayscale
image: defining SARFRBPESRtotH S‘rﬁ%(ly}a??éb‘?o}f‘.}%‘?ﬁ‘glmﬁpéii%?r%?éﬁ@@@é’éﬁ%rﬁ%a&ethe grayscale
image, wherein the input tumor contour is.in the tumor contour annular, region, and each of the plurality
of reference seaé%o%ﬁgrils%e&n%%séotr%tﬁmg}@%%tgjufigﬂﬁaI%‘?'ecé?%wléﬁ&]ﬁ degglbq{ﬁijﬁ'ty of measured
ence segments; and

points; retreving, A0 EQNRYL SyaGESiOn pAinton.eaeh.of te Rl glisference,

linking all the tumor coritour suggestion points on allof the reference segments, for forming the tumor

contour. s AgraifadabieERung BAUme SRICH IPRMALerin AR Y08 pIRGESRING system that

includes a memory storing a grayscale image, a display screen, an input a processor,

according to anathgritepdiment pbihe pragenidh¥entionrempiissss receiing@ndnRYE tumor contour
of the grayscale image; defining a tumor 5 contour annular region and a plurality of reference

segments of therelayseatedinagenwhereinitietinpyf tthaoseatourdsult the ttmorregidaur annular
region, and each of the plurality of reference segments is across the tumor contour annular region and
includes a plursilityoshdisgsive grsdrtgnsinedionnyg &Smodulatdthtknaigoritbur.sdfgession point on
each of the plurality of reference segments; and linking all the modulated tumor contour suggestion
points on all offGfaRTerererRAGS dhts PAgHToRAGaTE Bd INeaEs tansoEH REAGE, Wineksin the
modulate tum(ﬁéq tour suggestion point on each of 10 th? plurality of reference segments is

obtained By th&'fefiid SRUDOL nBFRTIIS NG TRERIARIE drdlRe HBadhfePBihtd8R%h Feference

segment retrieve a moving variance retrieving method, the value of all the measyred points on the
reference segr‘ﬁaégﬂ’I e%efg%%‘?cé‘ﬁ%%éﬂ%\}%a rﬁ’éﬁ%%%%’él IR BR afthgRia d points on

e e SERETLS B e g R (gl ol ppresi
unsatisfactory results for large-scaled indistinct images. Furthermore, the
calculation of Snake algorithm requires a depicted contour of an initial

15 region given by the researchers. Once the initial region is improperly
determined and the image is indistinct, Snake algorithm 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

20 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 1o the actual contour of the predetermined region, it is
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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; determining modulating criteria for each of the
aforementioned retrieving 20 methods; calculating a weighting parameter for each the measured

points opdhe referancesegmentey muptipiying peaducisorespasdingle eacheaf the aforementioned
retrieving methods together, wherein each of the products is obtained by multiple the normalized value

y
of thetBasared hoit Foi-the MARBENGT thedid o iHe" Fbatifatig FterAorthE toHEsfdnding

retrieying method wespectively-agdsatrieving thesgeardinaie ff the tymer easiewasiggestiar point on
the reference segment by calculatin%the ave;%%e coordinate, from the sum of the r%lgoduct obtained by

multiftyiRg 16 REYRiMde G EER ofthefea gﬂﬁbﬁﬁg‘onfrﬁ%]rgferéﬁ&@ seffhert Witk frie

corresponding weighting parametesdespestively; nambercinsmiiemaevige vatdanceirstriaving
method, each of the plurality of reference segments includes a plurality of local segments and each of

d

the plEkEiitfERBCAPsemaRE iiaHdeS aurafig St Moving nofizBis:; e‘glc%aolf the plurality of local
segmeianonsists of-gre ofrthert@ @lurality of measured points, at least one measured point before
and at Teast one measured point after the one of the pluralit t01‘ rrgleaglére]((i p(%igts, a}:nodv%%%h oé the
plurality of maViRPAGIESHS cofdists 8FonBoF 15&" blurality Bt mMeasured points in the corresponding
local spgirest andat least-are-meqsuredcpaintraftestitecone af fhezplurality 9& measwured poids; and
the 15 value of al| the mea urﬁ]d goints on mtge refeEegIJ.g::(LansegQentr%resrgg&eve% By the mgying variance
retrievitg H&thd @&mdr%?nél e steapsr%ef: caligulzftlng a g?adlenlgvar?énce of the grayscale image in the
pluraliy-ottesabsegments and an average gradient variance of the grayscale image in the plurality of
moving horizops calculating,the rato,of the gradien yaiance e 20 gupuseale Juage,indhe
plurality of local segments 10 thé average gradient variance of the grayscale image in the plurality of

movingraerizongranc eetrieging sye treasutBtspointicortespending toisaaiaximgnaaliv%ds the tumor

contoyl Suagesion P yneren ia}_g%feggras;aggeeging methad, A, center.of gravity gfdhe Jinput
Ity O

tumorComour s retri'é%aélg%hd a plura ontrast reference segments is defined, each of the
 pluralibrotecnirast refierencd segments axteptbhdhmneecepfer BRtheRFF&VS o of HEE6#E3ponding

referenge segments, te3pectiusly; and the yalue of all he measuEd PAS BRINe 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 1s 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 all of the reference segments, for
forming the tumor contour.

A method of retrieving a tumor contour implemented in an
image processing system that includes a memory storing a
grayscale image, a display screen, an input device and a
processor, according to another embodiment of the present
invention comprises: receiving an input tumor contour of the
grayscale image; defining a tumor

5



5 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 in the plurality of 10 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 poig&%reﬂﬂmg}g gi égﬂcgr{gtréeiﬂ%%ﬁgﬁg?ﬁ %%e‘f@h%% og %hrfh@egﬁ%g 8@%%%ured points on

the reference segment are retrievéd in sequen ance retrievin comprising the

steps of: whendhgre are B0, BIMQIEoBi0Yh SYaEESHoR HOIIRRRIOTe oD% ane:oL digspjurality of

measured points on the first teference segment as a first point, or when there is one tumor contour

suggestion poigshetaresdakingailagttustenconieali R:s4gaastien RoiRtonaiealifiempiurality of
reference segments as the first point; taking one of the plurality of measured points on the next

reference segmenbvasensecondrdintraridretriéving tdesnepsitdpoiireadhedextireierence
segment, having the minimum distance between the first point and the second point as the tumor
contour suggestivrepuigt amtbdwlesgdréferenceopdingy sugghstiein poine gradiach BWVIAA difference
retrieving method, the value of all the measured points on the reference segment are retrieved in
sequence by tdugpkidie s EWIVIR R fiffe FeBBIC It c¥Sy HidtEl ebmibesimy Suiséestepnst: when there
are no tumor contour suggestion points before, taking one of plurality of measured points on the first

reference segriBRtoxs AUEHEFEINENRIR S CRIththEe TelsRenemisEESBu i SUERjE S BBInt before,
taking all of th%[%e@ioua:umor contour suggestion points as the reference list; providing an EWMA
weighting foiniuta; 3 Yﬂmartﬁg%%‘iﬁhting 10 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
potns or the tumor coNB L ChbLot M s s S e SRR of e

reference ist apl the ardients Qgayscalelmags qt sashiaking Pyl AbMERSWEpoints on the

next reference
normalizing the value of all the measured points on the reference segment

retrieved by a moving variance retrieving method, the value of all the
fneasured points on the reference segmenf retrieved by a confrast refrieving
method, the value of all the measured points on the reference segment
15 retrieved by a distance retrieving method, the value of all the measured
points on the reference segment retrieved by a gradient EWMA difference
refrieving 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;
determining modulating criteria for eaéh of the aforementioned retrieving
20 methods; calculating a weighting parameter for each the measured points on
the reference segment, by multipiying product corresponding to each of the
aforementioned retrieving methods together, wherein each of the.products
1s obtained by multiple the normalized value of the measured point for the

number of times equal to the modulating criteria of the corresponding

6



15 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 minimum difference between the gradient of grayscale image 20 thereof and the EWMA
value thereof, 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

by th le retrievi thod ising the st f: when th t t
suggestion poliEBEIONE FE O EoMIUY SCBESIOR PBIECIRGOHS 61 GHE MUPSity of measured

points on the fistfeferafics seqment a3 a,{st ol a0d.one.of theplaraliy of measyed points on the
second reference segmentas a second point; or when there I§'one tumor 5 contour suggestion point

before the last Lunat CORIRKTSHIIRHRNRO RIS FNING ADE U QT EoRION %?&‘&Qﬁﬁ pint before the

last tumor contour stiggestion point.as the first point, and defming the last tumor coritour suggestion
point as the segendeRittadefinngRoREORMIaIRGDR NS frstipoiatiathe sscppdrQiat as a first
vector, and vectors going from the second 10 point to each of the plurality of measured points on a
next referéncetsegmeémmdipkatiiyiotseeanthvaesiorespataialing 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 padiatsionithéise cood mextasfmien ce segmentbshng! theaehdadothtof the second
vector 15 correspondina to the angle having maximum cosine value, as the rumor contour suggestion
point on the sadbrd e afregéeeenes segments Incingdesraintiyabityapbiyiea) segmettodddr retrieving a
tumor contour of an imgge processing a/;tem of the present invention, a doctor can rapidly and

accurately ideSaRPiR dBRGURBRIR LR olorrh sFaTReRle IREyeeBasiBBE2HtYsHcERmELREmor contour
can be formed on.the grayscale image based on.the calculation of one, of the five kinds of the
retrieving me&‘tﬁiﬁ.@ gar‘r‘%\}?rfgnt%%r@ %tl‘?z\xﬁfj%éﬁ%}a?% TIPS tr‘i”é\?ir@rﬁJ hod, the
distance retrievi 1ethod, the gradient EWMA difference retrievin thod, and the angle retrieving
method, 8e ti gu?sapr% t?%d%la %ﬂ%ﬁo %lfntﬁéatu%%srt %%‘ﬁ%ﬁ?‘%‘ﬁ%ei?ﬁggg%ﬁ) ge%}s(?n%p eyf"ssrt][em can be

minimized, an (e SITNGHTY G e K SOBEMS CAIARAEA NI e Bl equiaut ol e tumor i

maximized. In a met f retrieving a tumor contour implémente an image processing system

that includes acmemanh3toing r@%ﬁﬁ@ﬁz@r@%@ﬁéﬁﬁ%@%n@%w}gﬁﬁﬁf%@‘ a processor,
according to another embodiment of the present invention, each of the plurality of reference segments
includes a pluralityset-édcgisiagmantthangeensh e dhecpuadityseblaeak seamentsdnglusies a plurality of
moving horizons, wherein each of the plurality of local segments consists of one of the plurality of
measured pointsmtieaspone mitasthedpoinf beforduanidtat déastaneredepsumad podntlafter the one of
the plurality of measured points. Besides, each of the plurality of moving horizons consists of one of
the plurality of vabizsefed [ointe e sheedaprassopiditite loviar sngeneasmaeial arferitienedrisasured point
after the one of the plurality of measured points. ~ Moreover, the tumor contour suggestion point can
' be retrieved by % mVHES FERBES BRFESTIREHRAMRICOmBALTRERS steps of: calewlaing a gradient

variance of the grayscale image in plurality of Jocal segments and an gverage gradient variance of
the grayscale-i?r%‘&éﬁlﬁnfh\éaﬁ‘lﬁ?ﬁﬁﬁ &g g?i‘f&ﬁg?&alg%?éf%gﬁ i@ GRSt variance of

the grayscale image in the plurality. of local segments to the average gradient variance of the grayscale
image in the pIGID OF SR QTS S et e S S s SOt B EB g to he

maximu 121,354 (e 001U SHARESTOL PPN, o¢ b MElliRd OLISHIEXING A fymor contour

implemented in an inTage processing syste es a memory storing a grayscale image, a

display sotpen g inaut device aneha prasgRsosraeeardinge,aa emprdimentef dhgipigsent invention,

a center of gravity of the input tumor contour is retrieved and a plurality of contrast reference segments

is defined. Besideisiracbfohineniysalily ahagetiastiretprentasedmemnismexiandsotionuthie center of the
gravity to of the corresponding reference segments, respectively. Moreover, the tumor contour
suggestion poirttoanipg mhirieneskbyed ponttastmesmnidgiumnethtot cnayirising thestepsef: calculating
gradients of the grayscale image in the plurality of reference segments and an average gradient of the
grayscale imadetibtheopiondlisp ggesHiragereference 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 iR pRARIHOFeBRAHIGERYSME 81583 B1SCHIFT RAEEATHY thbthfeasured point
corresponding to the maximum difference as the tumor contour suggestion point.



In a method of retrieving a tumor contour implemented in an image processing system that includes a
memory storing a grayscale image, a display screen, an input device and a processor, according to an
embodiment of the present invention, 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 one of the
plurality of meXePFed"BBiRts G gné{tr%?é%ﬁ?ea&%r%eﬂiuﬁﬁlg%e%%r?dnﬁ%ﬁ?ﬁ 5?%51? i&ving the
measured poinf. g, g nex|aiReencs, seqent bRwing (e minimum disiance. between, the first point
and the second point as the tumor’contour stggéestion point on the next referencé point. Ina

thod of retrigy t i i i i t t includ
method of retrigyjpg R HEAr FRNIQKEIMBIeREIBd 2D, IHAGR.PE _gge%ﬁ%ggﬁgg eoyhatincludes a

memory storing a grayscale image, a display screen; an input devi ocessor, according to

another embodispaniat theeaeninvenioneta LENGT GNP SUAGESIIONBRIRL 6ANE retrieved in
sequence by a gradient EWMA difference retrieving method comprising the steps of: when there are
no tumor contauf:suggestenmeintsheforeriaking ee ohelucatityet measevasbpainmen the first
reference segment as a reference list; or when there is one tumor contour suggestion point before,
taking all of the prevousgdhrostepataflicalggestigrepains asothe eaferencd dist providihg an EWMA
weighting formula; determining the weighting factor of the EWMA weighting formula and receiving the
EWMA value gfithelisiepérieéonsnby seageadients oiprneegle gradenst eadheaitrisradasured points
or the tumor contour suggestion paints in the reference list; using the EWMA value of the reference list
and the gradiePRa8F gy s @iall opERINERH TBIGTAMG o P ATERRRIE d JPoMs dREHE Aext reference

segment as the, ut varigbles of the EWMA weighting formula; defining the output.of the EWMA
weighting form &%‘g%ﬁ@%}ﬁ}ﬁﬁe{}a%%%f@ P tHE pRIMATRYOF eEurs HHHYH next

reference segment; and taking the one_of plurality of easur oints on the next reference segment,
aving i T bt (e A G DT L AT GPAEH s 6 B value

thereof, as the g ¢, SUIORSIO ROTOLAN NENSX EIRIR0AE SEATN od BP0 o

retrieving a tumor contour implemented in an image pfocessing system that includes a memory storing
a grayscale imgg@egrdistiay s maniinnut davise,andA BOGERRY Reeatding:inansmbodiment of
the present invention, the tumor contour suggestion point can be retrieved in sequence by an angle
retrieving methagreomprising 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 aswatinstipoint,thaddesternfthetplavality efstessuthd paints ofi tie seeond reference
segment as a second point; or when there is one tumor contour suggestion point before the last tumor
contour stiygeSHSHPGIAPHETIEIAY the tafamnesriegmsnggestiomrisuit befequtnedasy thmor contour
suggestion point as the first point, and defining the last tumor contour suggestion point as the second
point; defining Sl¥@BEH FHHY IHEFEEIIPBRTE IR St o 2R BFHREVRRBREN vectors going
from the second point to each of the plurality of measured points on a next reference segment as a
plurality of secSﬂ%tQEEtgflg;ggﬁ?&ﬁaﬂﬂ Eﬁi%@%e %SOBIBtI‘?E ﬁfﬁ%@ﬁ?ﬁérﬁ ByaRE st vector and

the plurality of SS;S{%Q% Het%té)rﬁt res e%ivgiyéeandptn kia@g t e gne of&plurali of y easured é)oints on the
second next reference segment, Belng ¢ end point 5ftne SR8t VECIST tor %rﬁolﬁdﬁ)ﬁ’g to the angle
having maxim [ , ;ont gestion. pai c t reference
et o A A ccome more
apparentfgom s%géemwnr%diﬁﬁ;&%ﬁ@%ﬁfm@%mﬁ t@ken iorenpiunglionwithhg Agegmpanying
drawings. BRIE BESCRIPTION OF THE DRAWINGS FIG. 1 is combination of schematic views
of the process foinetteding cantofiiaef plptdiesodeeerding topdimkseonl gt refefel{ze2 is a system
configuration diagram according to a preferred example of the present invention. FIG.3isa _
schematic diagregméot stsoaviseg enid pomcomauratieterenipg neethertaeab g tonatipeefesred example of
the present invention. FIG. 4 is a flowchart of the method for retrieving a tumor contour of an
image processiAfpEsRtenmaperdintals 15 etitstamBudim ertat ehebprasent theehtisrpoint FIG. 5is a
flowchart displaying the moving variance retrieving method for retrieving the tumor contour suggestion
point.  FIG2BAs BesEREAMAHOABWADHIR WG tRETHNAT SgeRsIeThRd e A FhRdASFZoNs
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 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.




FIG. 9 is a flowchart displaying the contrast retrieving method for retrieving the tumor contour
suggestion point. FIG. 10 is a flowchart displaying the distance retrieving method for retrieving the
tumor contour suggestion point. FIG. 11 is a flowchart displaying the gradient EWMA difference
retrieving method for retrieving the tumor contour suggestion point. FIG. 12 is a flowchart
displaying the angle retrieving method for retrieving the tumor contour suggestion point. FIG. 13
is a flowchart of the method for retrieving a tumor contour 10 of an image processing system according
to the second eg}gl%dir%en&iggthe present invention. DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENT Pledse rafer to FIGs. 2 and 3. FIG. 2 shows a system configuration diagram for

illustrating a method f%ﬁ&tgﬁvﬁgtﬁetU%%%@%‘?W%iﬁ?@ﬁ%@%@ﬁ%@ﬁ?.n&g%%f%ﬁmtﬂgcording toa

preferred example of the present inve a schematic diagram owing a method for

retrieving a tumQnEOBoAN fAE ANMARKISBRAS IO RYstenrageerding o, a peeferred example of the

present invention. As shown in FIG. 2, the image processing system 1 includes a 20 memory 11, a

processor 12, a«dispiry $6rees 3 dind b Winus defiee-1de T%i@ﬁﬁ@ﬁéﬂ&ﬁﬂoﬁﬁfﬁs@ﬁ@mpmcessed
image 111 and a predeteimined line segment 112. Herein, the unprocessed image 111 means an

ultrasoundbimatie withsub beirigepr deass ed:by dhemetheshfourestigyingi artusadig dpsdstreaccording to
the present invention, and can be input through the input device 14. Furthermore, FIG. 3 shows a

tumor region 28ikhe procdssedaliagy vaerbaredpuintsronghatestispfesencrempi®nt asPlease refer
to FIG. 4, which is a flowchart of the method for retrieving a tumor contour of an image processing
system accordipisranee 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
10 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
15 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 piurality 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
20  thereof and the EWMA value thereof, 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

9



5 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; 10 Step SB: 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

includes a pluraliﬁ of measurggIPoints;t S%el}g %Cl: r trievirég a tup&or contouruslfg estign point on

each of the plucr% 9%f FefTENte sgé)r%len S; and a teuﬁlg : I?nl%nd‘lralﬁﬁ%?ﬁmoor Shtour suggestion
points on all Of&gﬁﬁﬁg 5

SRS EA SIS JARIONMAR Y UMOESANBHT U Sy lp SUERGR. an inpu tumor

contour 2 consisting ural input 20 contour points 21 is input on an unprocessed image 111. A user

or a doctor can,igput,thennutUman CaRPWn2 By fiodghlydpthesthan ase gishnhandidrawing the

tumor contour. Herein, the input tumor contour 2 represented by LI' consists of input contour points 21,

in which the nuabseidofdhednpsisepniedt Rointse2bisirppiasestegivnnherd, B, ok k& N). In
addition, the jth input contour point 21 of the ith input tumor contour 2 is represented by Plii = ( X Plii Y

PI N Pii25, jle@ntour nnidde Stibse goantipeivStepeSR sbatmatwantorontage estivapoagion and 5 a
plurality of reference segments of the grayscale image are defined. Besides, the input tumor contour is
in the tumor cottburrentildnregiormindrescteosion potalithyasbreférensst segroeamiodcross the
tumor contour annular region and includes a plurality of measured points. For instance, a gravity
center 3 of theShgErYiRRoPEBHIGr RS FulieatntHapsdndeim Bravilie 166 RIBRS oFQREORR input tumor

contour ( i.e. the gravity, center 3 of all P1O is represented by B,, as shown in theTI?irPula (1-2).
suggestion pomt as the second point; defining’a vector going irom the first

point to the second point as a first vector, and vectors going from the second
10 point to each of the plurality of measured points on a next refersnce
segment as a plurality of second vectors; calculating the cosine values of the
angles inciuded by the first vector and the piurality 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
15  corresponding to the angle having maximum cosine value, as the tumor
contour suggestion point on the second next reference segment.
Accordingly, by applying the method for refrieving 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,
20 since the tumor contour can be formed on the grayscale image based on the
calculation of one of the five kinds of the refrieving method, 1.e. the moving
variance retrieving method, the contrast retrieving method, the distance
retrieving method, the gradient EWMA difference retrieving method, and

the angle refrieving method, the time spent in calculation of the tumor

16



B=..(1-1) 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

ines 4glen,5B) 4n delal e eieregce seoment glis delemingd ffom aaehof e isierence lines 4
by de ining t e.predetelmlned iIne’segment 112 at the directions towards and away from the gravity
centes Bl kIS col thBenFHRORtCIR PR 1R BESE poiT TRE PréfetelinE@he'segment

112 determines the-length pithe refergnce 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

predetermin&é life BeghreAt 2£2 KeGEE< BFadius WaRTy £SPEaHE phy&canfstaRte frdnfthe input

contou, paint 21, The predeteimined lige segment 112 issepresentediynbire Ny dRiPiiiig a line that
links the gravity center 3 and the jth input contour point 21 of the ith input tumor 10 contour 2. The jth
input B5ASE pemt 21M39Red a3 a BefBlraHd tRET §Fhcle Rith a'Spdcfic rARilETRe. Y 2

predetermined ine segmentd134r) can bedaraed Thegirde andrhe ling Binjarospatenpoints, an

outer crosspoint Ol = ( X Olii , OliJE and an inner crosspoint ljj ( x,. The jth reference segme t41
corredpBiRiid &the RCRpRELSEBAtoBr Bt 2 E bf fF‘Ig iﬁ%ﬁﬁﬁ%ﬁ%r{%ﬁ%‘fﬁ%s HEME SN,
contajping thesmeasurse poiis 22-efomkish thexnumberis aiE Thedthoelerende ine segmeal 42 is the

line B Il. Herein, au, h E N and a0_ 2r+1._ , .
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. Besides, each of the plurality of moving
horizons consists of one of the'plurality of measured pecints in
the corresponding local segment and at least one measured point
after the one of the plurality of measured points.

Moreover, the tumor c¢ontour suggestion point can Dbe
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 Jradient
variance of the grayscale image in the plurality of moving
horizons; calculating the ratic of the gradient wvariance 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
guggestion point.

Tn a method of retrieving a tumor contour implemented in an

image processing

13



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 formed (Step SD). Example! In this example, the step SC of the method for

B 108 PN MR I ) Gea dnaion g, » aisyscale
image and a processor according to the first embodiment of the 10 Bresent invention, te tumor
contodd spggastienpaat oreeachnehithe ghurality ofrefereriptsegnialits cas bereiiged byarmoving

variangg IS methog, £ showao FiG. 3, thednoving vaianee e ieyingynethod £omtises the
steps of calculating a gradient variance of the grayscale image in thé 15 plurality of local
segmeénsuEnd antveragergradienthariardersfaie Yrayscaleimage s tHecplurality 6Pmbymghorizons;

calculafing {he ratioQf dhe gradient variange of the.arayscale image inxtheypluraiity,ofloga) sggments to

the average gradient variance of the grayscale image in the plurality of moving horizons; and

20retrfsviig SREMeBS HRIEPSIAt cEREBISHIINg ¢ HRNAAXIMERTatibR thebiRF coRfourttRygestion

point. gra q{9over,tig, .the g@ove-wtipn%ggg@pm%ge retrigving spethod, eg&@nggm@ plurality
of reférence segments includes a plurality of local segments and each of the plurality of local
segmé&rERACEAES aYplurality of moving horizons, wherein each of the plurality of local segments

consists of opgof the plurality,ef meagiyed peits.tleastoggsaeasined peinhbeforand atleast one
measured point after the one of the plurality of measured points. Besides, each of the plurality of

movinkes FoRZ6iS doVisidts 5PBREDT the bty 6f18e AGiro® PoiRtEIR%AE LoFedgondiiGIBEal

segmejpt.and-atleastonenpeasyred naimaftes the angsof the plusalityof measyeed paintsthe In this
example, moving variance is applied to observe the value variance of the entire region ausgéi by the
irtire

value RAHERE- FrbURE a TRFF Tt Segisitortie dftite AEgiIORY MWy VEFRNEE ApplR
presegtigyertion:is arprdmannndex obfeatures s Threagk siaving variafce-applied de thesfirss example,
the tumor contour suggestion point can be directly obtained from the reference segmegt 4%1 bé/
algoriffPrLSNitA réfePencells FIGS S Gha™ %ach rSt&IEHeR seﬁgeent ST REREINS15 £ blurdlity of
measufeshpatase22 s aphiality: ofdbeal segmentstandstpluralityaimmeving:arizons. laztkie present
local segments

example, theﬁplural m asurgd paint 1é‘nea_n lural in?ge i%g([g%oinisn. E%%réof tq%gIU{%lt S

consists of BHE oﬁﬁ@%ﬁﬁgl médsured poifts 22 the Tormer one of more measured points 22, and the

latter ereoF Ore Measueatpoinie@Refrach obnd retrieving the measured point
corresponding to the maximum difference as the tTumor contour
suggestion point.

In a method of retrieving a tumor contour implemented in an
image processing system that includes a memory storing a
grayscale image, a display screen, an input device and a2
processor, according to an embodiment of the present invention,
the tumor contcur suggestion point can be retrieved in segquence
by a distance retrieving method comprising the steps c¢£f£: when
there are no tumor contour suggestion points before, taking one
of the plurality of wmeasured 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



20 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 in the former/latter segment with respect to Al/ijk- on the reference segment 41 (i.e.

Olilipols o SNESEOMEILQNAYING2 Xped ) Bage pixgdaintafe caljed adagal segreai Snce each

point on the reference’segment 41 has a local segment, the number of measured points on the
refereveensagment 4% issegialdo BraibE thelBeal SR FHRIYS. TR gafin g Bfcidg Romsorst indfe case

that the 2 number of Afiik in the localsegment plus the datter poits is. singesthedogal sggment

contains (2 x p+1) image pixel points, there are (2 x p+1-(g-1) = 2xp-q+2) horizons. Herein, each
horizdreontaiHiag o BRigepixenpointd s cARPAFhowRg RbrizéS. HEWRVeF WRe mefeaf e fetrieving
a tumg{lggg@%gﬂg%ﬁt'&g@ hpeint 41 L accowing ta,Examplent of the present invention is carried out

as follows. First, the gradient variances of the grayscale images in the plural local segments and the
average gradenevariireedf dfe griyséatinfages itHehIGA RV g R SR B Fedpedlely

calculated, J hepythesatios of the gradient vadancespfthe gsayssaledaages in theoplura) local
segments 15 to the average gradient variance of the grayscale images in the plural moving horizons

are reShaYRRN BalciilBtsE Subseqitiilly e nF&aREd pofft 22 P rEsporaitg 6 théMaxifum ratio

is retrigvedasa umorcaneur supgestion paiptAdt. indheeaseehthe immgedixel valesdathe kth
local segment on the 20 reference segment 41 ( Grully ) being Gijk;‘iE\’/ theéradient variance qof the

grayséaiESmaRn thelBcat SBGMeROR rehresEMEd By Rk (REKLVarsiGuR S Gkbl “5EN ). Since
the logal segrpertcantainng she dermeraand lattevpoints fithrespect teeAmi anaynbe heyohddhe range
of the reference segment 41 (i.e. Oliillij ), extended auxjliary points, before and after the O{i(%nal
referefCBREGRTEN 415 Efould BEY¥orm&d so é{@t%nobs%?\‘/eé‘y e GraliertVaranie bt the grayscale
images.fadlpaints incbereeal segmest. IncdetathgnithrreferehceploufFEG. 16,5 there isea solmedatic view

to show the local segments and the moving horizons accqrding to Example 1 of the present invention.
The saﬁéféts%it‘ﬁ%o%r#r%o%% fiRgs %%gﬁrn%gseuresqe 885%@:22&(% the rre%eern%récseege}n%ﬁ{t 41,%nd the
squarea stthtdashed linesmeantheextentestauxdiary peintsrin pdditionbthieoed  squarkframe is AIR

Sre 30 hg Moo AL P E G R theSAea ot k £ To ka3 e o6 Scgraont.

correspabdirgriosthé setongmeasdiedpeint Givdie referghte sggrhentiedritaingd 2e4m19)Ebints,

and@%g;Z;gQéH YH hPQé 1% of the EWMA weighting formula and receiving
the EWMA wvalue 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 mwmeasured 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 EBEWMA 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



In__the case of the image pixel values in the gth moving horizon on 15the local segment being
Gljk-.p+g-l,ijk-p+g, ji -ptg+g-1,ijk-p+g+g-25 the gradient variance of the grayscale image in the
moving horizon is represented by R1VIiik5 (RMiik, = varp[Giik_p+g-1 ,-ik..p+g_Eg-21). The average

gradignt variance pf the grayscale mages n the moving, Radzans is fepiesenied i RIMylg gas shown
in then%zllujla{(ﬁiﬁZ). 21xp-q2 R1€4ijkg g=1 202xp-g2 (1-2%&% Herein, g, g§ElS . In order to all%w a local
segmenetehdve avslor fote FdHAg hBRzoNs, d-RRpECHorecver, theSmolREYariaf@&BPAY0, on the

measyes ine 43,{t)ds defiged eadne,alio oLk dedradigntyariance of the grayscale image in

f[he local'segment corresponding to A14) to RM- ok (the average gradient variance of the grayscale
images in thermeving HofidoE ofAE TdEH SegnenD RSFe SSTed By MVRLGELRERA ifthéfbrmula

G’B)Q%X@é: processing system that includes a wmemory storing a
grayscale image, a display screen, an input device and a
processor, according to an embodiment of the present invention,
the tumor contour suggestion point can be retrieved in sequence
by an 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 ag a first point,
and one of the plurality of measured points on the second
reference segment ag 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 plurélity of measured points on
a next reference segment as a plurality of second vectors;
calculating the cosine wvalues 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.
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(1-3) 1O0Herein, the larger the value of MVijk 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 (MV;ik =;
pc). Hereafter, the application of moving variance in the present invention will be illustrated. Please
refer to Table ) and FIG./, Japls, L 15 shaws,ibe gradients of the grayscalg images and mying
variances of points on the reference segment according to Example 1 of the present invention, in
whichithrequerammeters plarkeanesatess arbarazpedively. Htaie 1l aelschifatmbee® of each
measyre i IS s in jrst colum %g{ ient Gijk:qfithe S !  gach
measﬁ’ree%%g:ﬁt%él:ls sﬂggﬁ Zoﬁﬁﬁﬁgse%nde(%lumn?grﬁ%ﬂvﬁlgﬁeac%ﬁ%egﬁ%e%ﬂggﬁggg %s shown
in thedtriredicsigmn. FIG. 7 is a line chart displaying the gradients of the grayscale images and
corresRonding, moMing-¥arianees ofal pointy ptbe reference segment according to Example 1 of the

pres . in; thetine Tfor the gradienits of the grayscale images and the line H for the
moving variarftes cah ih8icaRMinEREIEAGHs Gladisie Bt hidy SEaR Myt s PIBdRES v &TSUS foving

varianges,due to. surrounding-varancerp 1 a Meanudile  with seferensestod 18 Sotharads a gradient
cross-sectional view of grayscale images of the tumor from the_gravity center of the tumor to the outer

crosspoint on¥A& reférerice sRgridit Hkrir R0 e fiel 2 B hSWEHFERaRERRTSHIRE grafsciile

images, fie:linel showsdhe averagegraeient:of the.grayscale.images of the reference segment 41,
and the line c shows the average gradient of the grayscale images of the reference line segment 42.

FIG. 8 indicaté< that thel&vetagt’ Of tHePEETECalE Tm&QEL 0P Fef&HERTE sEGMENntal is
smallerhandhatef thpdseierenee ting segmend 42:0wing & love-echogeniepibg. IEIG.thehe three
locations where the gradient variances of the grayscale images are larger on the reference segment
41 ar@EFSEE FINtRETBM OF the moving variances, the 10th point according to the circle 1 is the
largest, the 13th@oint is largerthanthe:8th paint.aad the hath goint is e sevailest. 20Additionally,
regarding the gradient cross-sectional view of.%rayscale images of the tumor, fronﬁlhee g lvité/ center of

the tuffF i He dUter RbsdPBiTonkRE Farerants sEgment 4 5(FIG 8) itcat be found tha the values
from therda paint to Hie 206 poistsanetshowreintd cancave line, which is lower than the average

gradient of th_e %r yscale i_?[nageg offtfgw(rﬁ{grence Aifg ieﬁ%{rg%nt. ngeconcg\y%ir!e cares 1‘?@85 to the
Iow-echogenlg although the gracrllent Vatiance ojft e grayscale

g of the Uftrasbund image. ﬂ:oreove )
imagesdnthecitale 2 tdige, thieomowiag vassrnceyactbelingundhe ciete2islowaothantthose
according t%the circles 1 and 3 due to the 5 gradients of the surrounding images. Based on moving
varian%%s, e best suggestion point on the reference segment is the 10th point than the 11th point,
the 8th point aritithe d 7thspaintschematic view for showing the local segments

and the moving horizons accoxding to Example 1 of the present
invention.

FIG. 7 iz 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 is & gradient cross-sgectional view of grayscale
images of the tumor from the gravity center of the tumor to the

outer crogspoint on the reference segment.
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FIG. 9 is a flowchart displaying the contrast retrieving method for
retrieving the tumor contour suggestion point.

FIG. 10 is a flowchart displaying the distance retrieving method for
retrieving the tumor contour suggestion point.

FIG. 11 is a flowchart displaying the gradient EWMA difference
retrieving method for retrieving the tumor contour suggestion point.

FIG. 12 is a flowchart displaying the angle retrieving method for
retrieving the tumor contour suggestion point,

FIG 13 is a flowchart of the method for retrievihg a tumor contour
of an image processing system according to the second embodiment of the
present invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

Please refer to FIGs. 2 and 3. FIG. 2 shows a system configuration
diagram for illustrating a method for retrieving a tumor contour for an
image processing system according to a preferred exampie of the present
invention. FIG. 3 is a schematic diagram for showing a method for
refrieving a tumor contour for an image processing system according to a
preferred example of the present invention.

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 iine
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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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
5 first embodiment of the present mvention. 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;
10 Step SB: defining a tumor contour annuiar 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 régican and mcludes a plurality
of measured points;
15 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 poiats on all of
the reference segments, for forming the tumor contour.
First, in Step SA, an mput tumor contour 2 consisting of plural input
20 contour points 21is input on an unprocessed image 111. A user or a doctor
can mput the input tumor contour 2 by roughly rather than accurately
hand-drawing the tumor contour. Herein, the input tumor contour 2
represented by L1; consists of input contour points 21, in which the number

of the input contour points 21 isrepresented by n; (i= 1,2, ... ,n; L n

17
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€ N). In addition, the jth input contour point 21 of the 7th input tamor
contour 2 is represented by PI;; =( X PL; yPIij- y(LLE={PL; . P, ...,
PIij} ,j:1,2, are oy Il ,jE N)

Subsequently, in Step SB, both a tumor contour annular region and

5 a plurality of reference segments of the grayscale image are defined.
Besides, the input tumor contour is in the fumor contour annular region, and

each of the plurality of reference segments 15 across the tumor contour
annular region and includes a plurality of measured points. For mstance, a
gravity center 3 of the input tumor contour 2 is retrieved. Herein, the gravity

10 center 3 of the 7th input tumor contour ( i.e. the gravity center 3 of all Ply) is

represented by By, as shown in the formula (1-1).

S oy w— -

n; 19
ZXPI ; 2 YPI
=1 j=1 ‘

B;= L 1

_ 4L Joan

Next, the gravity center 3 and each input contour point 21 are linked

individually through an extended line, and thereby plural reference lines 4

[
L

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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60 65 6769 MVil 11.60418 13.1099 7.0023816.10648 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 grayscaie 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 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;  dxfsilanAGavagianshesapdERBe I ETgrETePRBIST thevarayssarsiFageein the plurality

of reference segments and an average gradjent of the 10 grayscale image in the plurality of contrast
reference segiBHEsCaREUr poeaﬁ%bm%w&&a&@%ﬁaﬁ&w@ S4B Rhkirum difference

ethod, & contBy S QPRGN o HRATRACE (05 CF EOPHot PO oEh s BRI Br e e

processing time and accuracy.

h

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

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

A—ere——

segment 112 is represented by r (r € N). B{Ply is a line that links the

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

with 2 specific radius (i.e. the predetermined line segment 112, r) can be

——

formed. The circle and the line BiPIgj cross at two points, an outer
crosspoint Ol = (XOIij , YOIij ) and an inner crosspoint Il =

( X IL; yﬂié }. The jth reference segment 41 corresponding to the jth input

15 contour point 21 of the ith mput tumor contour 2 is the line Olﬁﬂi} ,

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

reference line segment 42 is the line B, Hij . Herein, ay, hy € W and aij_S_

2r+1.
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15 contrast reference segments is defmed. 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 present invention, the contrast principle is applied to assign the
location of a tumor from an ultrasound image through 20 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 Iow-echogenlcil %ﬁ&%ﬁ%ﬁ?glﬁg@ Ir%%%%cﬁlé%t%%g e%%%_g%o'ﬁq@ﬂm%t&%n del{reeéo compression

and infiltration betwe sar mor. There € contrast principle refers

to that the deq%%%loéa\gﬁlig%kglg%rg%g&%twpen each point in a range and the desired region is
pliedin'the pré&s s

observed. Contrast ap ent invention is a primary index of features. Through the

contrast method 5 applieg}in the $e&eRd %W&M%M@é@%ﬁ@é@ﬂﬂﬁ%&ﬁ%%@ﬂ%toUf

suggestion point can be direétly obtainéd from the reference segment 41 by algorithm With reference

to FIGs. 3 and9y eaeherpierpesesegmentmaaiatiosa plnalitsahsiederedppints 22, and each of

the plural reference lines 4 10 contains a reference line segment 42. The reference line segment 42 is
from the gravity center 3 to the end 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 in¥arstiopigicarried out as follows. First, the gradients of the grayscale images of the

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
10 present invention, the tumor contour suggestion point on each of the
plurality of reference segments can be retrieved by a moving variance
refrieving method. As shown in FIG 5, the moving variance retrieving
method comprises the steps of:
calculating a gradient variance of the grayscale image in the
15 plurality of local segments and an average gradient variapce 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
20 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 mcludes a

20



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 4 are 20 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, H |i.) is represented by.6,j, , as shown in th =1 ,
g (_plura 12y o? pmovmg ho%nzéns,- wherein eacg of tﬁe 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. Besides, each of the plurality of moving
5  horizons consists of one of the plurality of measuréd points 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
variénce of the entire region caused by the value variance around a partial
10 segment of the entire region. Moving variance applied in the present
mvention 1s a primary index of features. Through moving variance applied
mn the first example, the tumor contour suggestion point can be directly
obtained from the reference segment 41 by algorithm.
With reference to F1Gs. 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 image pixel points. FEach 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
20  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 in the former/iatter

segment with respect to 4/ on the reference segment 41 (i.e, OLIL; ) is p,
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ift h (2-1) In addition, the contrast of the point Aiiilkon the reference segment 41 ( CEL/HU ) 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 ( -Billy) corresponding to such
point, represented by Ciik (Cuk ). The larger Cijk 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 invention will be explained through data. Please refer to Table 2. Table 2 shows the gradients

of the grayscale images and contrast of B(g(ints 1cx)n the reference segment accordinglto Example 2 of
the present indehtRsgment contaming (2Xp+1) mage pixe! poits is called a local

segment. Smce 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
5 number of A/ in the local segment plus the latter points is g, since the
local segment contains (2 Xp+1) image pixel points, there are (2 %
ptl-(g-1) = 2xp~q+2) horizons. Herein, each horizon containing g
image pixel points is calied a moving horizon.
However, the method for retrieving a tumor contour suggestion
10 pomt 411 according to Example 1 of the present invention is carried out as.
follows. First, the gradient variances of the grayscale images in the plural
iocal segments and the average gradient variance of the grayscale images in
the plural movi_ng horizons are respectively calculated. Then, the ratios of
the gradient variances of the grayscale images in the plural local segments
15 1o 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

20  reference segment 41 (O 11, ) being Gijieps Gijiepis -+ -» Gijierp-10 Gicrps
the gradient variance of the grayscaie image in the local segment is
represented by RLijk (RLi_jk = Val’p[ngk-p . Gijk-l-p] , P E N ) Since the

local segment containing the former and latter points with respect to Al
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which the average gradient of the grayseale 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 ( 0.1u Hy) is
shown in the first column, the gradient Gip( of the grayscale image of each measured point 22 is
shown in the second column, and Cuk of each measured point 22 is shown in the third column The
average gradient of the grayscale image s in the reference line u segment 42(B1 11 ) in Table 2 is
77.4. Accordingly, through Table 2, it can be known that the 11th- point is the largest, the 12th

point is larger than the 13th point and the 16th _point js the smallest, in the \Willi of contrast. Please
refer to FIG. 7%8e %r%ﬁﬁﬁ &?2?%%‘?08 hﬂ%erf‘;t'}f?rﬁgﬁ;ﬁ iﬁ%@%ﬂ%léqz g\\'lgse%{ﬁlotﬁe)rargest gradient
of the grayscale im and.the gradient yariance qof the scale images in the circle 2 is large, the
gradient of the@)é#glyl/%s%%lgvi f&%@%ﬁ ?Hlet%ir%?eoﬁsm@%saerefg{%% %r\}%lr%%le g%g%ﬁrelﬁ? of ﬁ%eéizrtayscale
images in the igfergnce ine:30 seoment Fhaehietie. snirst Ahlbe-inant nhe.giecle 2 is lower

than those at the’ 11th point'in the red circle 1 and the I6th point in the circle 3. Bdsed on contrast, the

best suggestiqppoint @ iheJRIRIENER-380MeREALIS. thedklil PRk thanrthe d &iFpainy, the 13th point
and the 16th point. 77

5 there is a schematic view to show the local segments and the moving
horizons according to Example 1 of the present invention. The squares with
continuous lines mean measured points 22 on the reference segment 41, and
the squares with dashed lines mean the extended auxiliary pomts. In
addition, the red square frame is Al point, the red rectangular frame is a

10 local segment corresponding to Aljj point, and the brackets are moving
horizons. As shown in FIG. 6, in the case of k=2, p=4 and g = 3, the local
segment corresponding to the second measured point on the reference
segment contains (2%4+1 = 9) points, and (4-3+2 = 7) moving horizons.

In the case of the image pixel values in the gth moving horizon on

15 the local segment being Gijipre-i> Gik-pros -+ +» Oiieprare-1s Gijiprgrgas the
gradient variance of the grayscale image in the moving horizon 1s
represented by RMjje (RMije = varp|Gijeprgr » Gijieprergal ) The

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

represented by RM ik » as shown in the formula (1-2).

20 o 2Xp—q+
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Herein, g, g € NN In order to allow a local segment to have two or
more moving horizons, g= 2Xp-1.

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

(O] gf[I 5 ) is defined as the ratio of RLjy (the gradient variance of the

grayscale image in the local segment corresponding to Al to RMijk

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

formula (1-3).

MV, = ik
ijk — M
| 1jk

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 = RLig).

Hereafter, the application of moving variance In the present
mvention 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 & of each measured point 22 is shown in the first column,
the gradient Gijk 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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third colurﬁn. 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 I
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. §, there is a gradient
cross-sectional view of grayscale mmages of the tumor frofn 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 line 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. 8 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 FI1G. 7, the three
locations where the gradient variances of the grayscale images are larger on
the reference segment 41 are circied. In the term of the moving variances,
the 10™ point according to the circle 1 is the largest, the 11" 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 in a concave line,

which is lower than the average gradient of the grayscale images of the
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14 15 Gok 50 52 56 65 62 1Cii 27.4 25.421.412.415.4, k16 17 18 19

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

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

sugeestion point on the reference segment is the 10% point than the 11%
£ p £m P

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

16 Example 2

k 1 2 3 4 5
ik 77 _ 79 78 79 94
MV | 4.996216 | 5431265 5.725353 4359829 | 5.065877
k ) 7 8 g 10
Giix 93 93 88 78 64
MV | 8.586214 | 11.91848 13.55545 12.56645 1743012
k 11 12 | 13 14 15
Gk 50 52 56 65 62
MV o 14.688913 10.87886 © 6.907269 | 4.268695 | 4.830066 ]
k 16 17 18 19
MV | 11.60418 13.1099 7.002381 6.10648 ;
Table 1

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

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

grayscale image and a processor according to the first embodmment of the
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60 65 67 69 17.412.4 10.4 8.4 Table 2 Example 3 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 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 the firsttrefer ncetge ment ?s a first oirgt, or whetn there i%onf ;[__Hmor contour
suggestion pﬁ{:%%%rg}ven ion, the tumor contour suggestion point on each of the

plurality of reference segments can be retrieved by a confrast retrieving
method. As shown in FIG 9, the contrast retrieving method comprises the

steps of:

(94

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
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 refrieving method, a
center of gravity of the input tumor contour is retrieved and a plurality of
15  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
20 npaked eyes. Based on the center of the tumor, the tumor boundary can be
discriminated through the grédient 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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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 5 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 1 suggestion poigthghselecte rom the former reference segment

41, the distandESHEH 7 RS HHERSUrERERTRt JBfe SRBASH the later

reference segmrelrlléﬁ e%ref%oqgi%?a(?%g e eh 8%‘:9%5%6%?@%0]‘ tggeag%%%seailglj (i%sa that {;[hetdistance from
the later sugggshonppoin o'the former suéé)estlon pon% SHOUIT Be-Shorter thah that of bther measured
points to the fofmer, SUYARSLAN ROLL J D& Ol %‘&%Hﬁ%&"b%ﬁ&&%ﬁ@% {BYSRYRO 3 AR guxiliary index
of features. In g){%er vgor%g a%olu‘?er sug%]%st%n point requires to be dllcatefcili, and then the algorithm

is performed toetfigys aJatepswggestion.dat Reintaelected fiam the laterrafereRegsegment 41.

20With reference to FIGs. 3 and 10, at first, based on the method of moving variance described in
Example F, at dgpsiedria itiial-seadestionileint 414 {ssadrevaddiomning cantoor cbhenuthe initial
suggestion point 411 is used as a reference point, and a point retrieved from the reference line 4 and
nearest to the snifipd sicggpsiianpoibe 41t wtithodtained drodinger refistance sezosed 45 Bysubsequent
suggestion point. Other suggestion points are retrieved from other reference segments in the
abovementionakgenithmer Besides, the distant of the point Alijk on the reference segment 41 (0111,,,)
is defined as the physical distance (Dijk) from the measurec%\;point 5 22 to the initial suggestion point

411. The relation of th¥ HB&¢EHEMI BararBebPs (e 60IRTSEIR STEMARTHl FERRARS-1. D=

Ni(XPS-. (foimula 3-1) Since the measured pqint 22 on the first reference_segment 41 has no foiflier
10 reference o B8 Iﬁ’c?@ﬁﬁ?ﬁ?%%%%z A B‘-’%é’élr %é’i?’fﬁ THEESMfy BF thé point to be

the desir?BIe Sclé%qg?goe{]rg}?ei?et: 4clﬁalliﬂcrseease§ﬁt 4 T pfgﬁ%lf?Wi?l dﬁggrggti%p E%(Q%ulg tge effect of the
distance applied’in the presenf(l mvenﬁon%? Actial data With feferenceto the 1o Iowmén'l' able 3, Table

3 shows the conyeisjonramibe imag copiiinaiR Ot eRel IO, e IPILRAEE sogment of the

present example t istance, where the coordinates of the initfal suggestion point in the image is

(237,193). In %}ﬁﬂ@t fena’ Tahiedelds the nuabsrofGarhmeasyrat e 22 8hiQl the reference

segment-11 . The sécond and third rows show the
suggestion point 411 according to Exampie 2 of the present invention 1s

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
reférence line segment of the corresponding reference line 4 are
20 respectively calculated. Ther, the measured point 22 corresponding to the
maximum difference is retrieved as a fumor contour suggestion point 411.

Herein, the average gradient of the grayscale images in the

reference line segment 42 (Bf- 11 i } 1s represented by Ggﬂ , as shown in the
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coordinate ( XAL) kAley+lk ) of each measure point 22. Furthenlore, 20 the fourth row shows the
corresponding Dij-Fik of each measured point 22. In Table 3, the corresponding suggestion point is the
initial suggestion point 33 B H (237,193) on the reference lineiij ' 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 5 features is that the result of retrieving the former suggestion point dramatically affects the
correspondin%q_i&tl{ili}[(:@gf each point on the later reference segment and the result of retrieving the
later suggestion point. or)'example, when the values of MVijk and Ciik are used, although two
suggestion points locating on distinct sites and having difference distances 10 are probably retrieved
respectively from the neighboring two referencehs@gments, Dijk is supposed to affect the neighboring
two reference segments and then two suggesﬂ?oin@close to each other are retrieved. k12345

227 ijl
G — [=1

[
v h, (2-1)

............

In addition, the contrast of the point Aljy on the reference segment

41 (OI,11, ) is defmed as the difference between the gradient of the

5 grayscale image of such point and the average gradient (Gé,-; ) of the

grayscale images on the reference line segment 42 ( B;: 1 ; ) corresponding

fo such point, represented by Gy (Cijyc = iG ik~ Gijl. l ). The larger Cyjy is,

- the higher the possibility of the point being the tumor contour suggestion
point 411 is.

10 Hereafter, the application of the contrast principle in the present
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 (Of; 1] ) is shown in the first column, the
gradient Gyj, of the grayscale image of each measured point 22 is shown in

the second. column, and Cijk of each measured point 22 is shown in the third
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228 229 230 231 YAIU+JK 196 195 195195194 0.440 9.220 8.2467.28016.083 k678 9

column. The average gradient of the grayscale image s in the reference line

segment 42 ( B L1 y in Table 2 is 774,

Accordingly, through Table 2, it can be known that the 11™ point is

the largest, the 12™ point is larger than the 13% point and the 16" point is the

U

smallest, in the term of contrast. Please refer to FIG. 7 together with Table 2.
Although the 5™ point in the circle 2 presents the largest gradient of the
grayscale image and the gradient variance of the grayscale images in the
circle 2 is large, the gradient of the grayscale image 1n the circle 2 is closer
to the average gradient of the grayscale images in the reference line
10 segment. Thereby, the contrast at the 5" 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 contrast, 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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10 k 232 233234 235 236 YAI,J+1,, 194 194 193193 193 DiHk 5'099 4.123 3.0002.000 1.000 Table 3

k 1 2 3 4 5
Gipe 77 79 78 79 94
Ciie 0.4 1.6 0.6 1.6 16.6

k 6 7 8 9 10
Gie 03 93 88 78 64

k 11 12 13 14 15
Giik 50 52 56 65 62
Ciik | 274 254 214 , 124 154

k 16 17 . 18 19
Gy 60 65 67 69
Ciix 17.4 124 10.4 8.4

Table 2

Exampie 3

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

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 fumor contour suggestion peint 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 the first reference segment as a

first point, or when there is one tumor contour suggestion point before,
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Example 4 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 5 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 tumor contour suggestion. points before, taking one of plurality of measured

int the first ref t f list, hen there
* Suggeston polfHstote kHEPE GPILE PerViBES Lol oot SCBQEston BUIRL B the reference
list: 15providi ahtin f la: determini 0 MA weight
(ol and recING (e LA VALGE o e CraHE o 3 (o LIS of G S mage of each
of the measurgd;paints HIheumerLaRIoUSHEYESIIN RIS Jaithe sgference list; 20using the EWMA

value of the reference list and the gradients of grayscale image of each of the plurality of measured

points on the next refesgRseisednantas ke Wt A iaklesaf R EYMa saightingviernula; defining
the output of the EWMA weighting formula as the EWMA value of each of the plurality of measured

points on fhe nextmefeneincedsegmerteanden thiaking theronendf ploradityod meiaswechpoints on the
next reference segment, having the minimum difference between the gradient of grayscale image
thereof and thexEniAnalusstheresipapthettomircostoue Bsuggestioh point on the next reference
segment. In this example, the gradient exponentially weighted moving average difference (gradient
EWMA difference) belvebistisaajrajsedieifitiance isatbed e thaimebhsieasBAIEWMA is a

statistic of a moving_avera%e with memory, and is weighed based on the impartance of the
wherein the distance between two suggestion poimnts respectively selecte

from two reference segments 41 are considered. In detail, after a former

10 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

15 points to the fomnef suggestion point. The distance used in the present
vention is an auxiliary index of features. In other words, a former
suggestion point requires to be indicafedb and then the algorithm 1s
performed to retrieve a later suggestion data point selected from the later
reference segment 41.

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

4 and nearest to the initial suggestion point 41! with a minimum linear
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10 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 15 grayscale images of the
former and later suggestion points should be less than that between the grayscale images of other
measured points and the former suggestion point. The gradient EWMA difference between the

grayscale images also belon%s an augéliar index of features. In ?é er words, a fowler suggestion point -

requires to be t&aSart¥ A& P RHEEE PeREEY BASHEVRES IR BAYéstion data
vint selected f he lat f t41], i f - 1, h of th
Feference seafie TR R oLt S e e e Al ot retreving

a suggestion point 411 I e conlau: % feschsthas folls, Fist hased agvlag method of moving

variance described in Example 1, at least one in suggestion point 411 Is retrieved from the contour.

Then, the gradient of hecrapiseales magas, ofheimensyred poisRAiand e A at least one

initial suggestion 6oiﬁt‘411 are respectively calculated. Su séquently, the differences between the
gradient of thexgraystsleimelgasebitiesmessuret] poifis 27anchtbé hy\Wssvehasdemsiedne initial
suggestion point 411 are calculated. The minimal difference is chosen, and the corresponding
measured poimta?2nis:tetsieveithasma s tigy éstiow pinoatlil Oér suggestion points are retrieved from
other 10 reference segments in the abovementioned manner. Basically, the EWMA of the point Aliik
on the reference segment 41 Oa@ defined as the Weigjg-inteépolated value (Zuk), which is obtained

I [

from the gradient of th@gra;gs%r Apage of thelmeas redpaipt 22 andThe})EYYMA of the foimer
suggestion point. The WMA Of the 15 réference szégment 04/le., dbtained frof the aforesaid method
for retrieving the foi tiler sug@estio%%?]i&t Is represented by Zui. The relation of the abovementioned
variants is shown as the fol 6@ rinula 4-1. Giik(14\) 41,4 , O<kr-H. 1(formula 4-1) Since
the measured point on the first refere se Ro.for I [ alculation,

g ce r?]%eél}easu.llz%g }Ci,%ﬂ'lgtw.m SI?O{%Y%E%%?Q? e_?régc tgéé&gﬂ% F%&g 1?(9 I%H’I’BEHC

Zok is equal to’Z6"a e ustrates e welighting adjustment of the

EWMA V\TB aﬁ?g%etp&ic@p}%&%@%lofcmgﬂ;ﬂgﬂ?a}l %‘tg' éxy i‘rbhgr%t%' %m decreases, the

possibility of the point to be the desirable suggestion point 411 increases.

The following description explains the effect of the distance apphied
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 example to the distance,
where the coordinates of the initial suggestion point in the image 1s (237,

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

ol I

F+1TT el

on the reference segment . The second and third rows show the

. xAIink ‘yﬂfj-ﬁk :
coordinate ( -, ' ) of each measure point 22. Furthermore,

20 the fourth row shows the corresponding Dy of each measured point 22.

In Table 3, the corresponding suggestion point is the initial suggestion point
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G+(1-A) [A Gu,_-A)Zij Gij +A (1-A)Gu +A (1-A)2Girz, ...+A (1A1-)G12+ (1-AyG1, f-2 2(1- 2)2
Gi(ji_z) + (2-f Gill In the formula, as A increases, it 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=j=4,if ?,=
0.9, Ziztic can 10 be shown as Zig": =0.9Gi4k+0.09Gi3+0.009Gi2+0.001Gii. This indicates Ziztic is
greatly affected by G14k. By contrast, if X = 0.1, Z14k can be shown as Z14k
=0.1Gi4k+0.09Gi3+0.081Gi2+0.729Gii. It can_be seen that Gi2, GB, and Gi4k similarly affect Zi4k.
Moreover, the gradient EWMA difference of th_gﬂys_cale images 15 means that the gradient EW1VIA

difference of tbgpoi@g Bisin e eference segment 4g 4 Q/lid Rnddis gefipggi@s the difference
(Eiji() between the’gradient of the grayscale image and the EWMA (Zijk) of the point Aiijk. E ijk G ijk Z .

As Few; decregsesqihe-PoasiRifityiol poi%ﬁ@ Poiido baihe,drsitable.suapestion prinkipcreases. Since
the measured 20 point on the first reference segment has no former reference point for calculation, j is

2 or more. Thednlavingdescs pidmexplanatidel sfiectefihe 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 Awotieersimsdromitlietbeodifinaies ofabachpaintintherimagigronihe

5 features is that the result of retrieving the former suggestion pomnt
dramatically affects the corresponding distance of each point on the later
reference segment and the result of retrieving the later suggestion point.
For example, when the values of MVyy and Cyy are used, although two
suggestion points locating on distinct sites and having difference distances

10 are probably retrieved respectively from the neighboring two reierence

segments, Dij is supposed to affect the neighboring two reference

segments and then two suggestion points close to each other are retrieved.
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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 is the number of
each measured point on the reference segmentl1-fri '1+1 . The second row shows the 10 gradient
(G,j_Eik) of the grayscale image of each measure point. The third row shows the corresponding Eii+ik
of each measure point. In Table 4, the zu of the suggestion point is the EWMA (47) of the suggestion
point on the reference line B1 " obtained by the moving variance. As listed in Table 4,  the points 15,
17, and 18 show the minimum gradient EWMA difference of 15 the grayscale images, and the

following are-the-peaints12-and-19-inr-erder—k12-3-4-5-Gu+ik+7/8% .
3 4 5
x 227 228 229 230 231
ALy : '
196 195 193 195 194
Y al
Diieqic 10.440 6.220 8.246 7.280 6.083
k 6 7 & { 10
232 233 234 235 236
X a1,
i+ik
164 194 193 193 193
ijz}‘-:—lk
D 5.096 4,123 3.000 2.000 1.000
k 11 12 13 14 13
237 238 239 240 241
X a1,
fi+1k
192 192 192 191 191
yAI{in
Dywg | 1.000 1414 | 2236 3.606 4472
k 16 17 18 19
X 242 243 244 245
AI{‘HU{
191 190 190 190
yAIzj-Hk
Dy 5.385 6.708 7.616 | 8.544

Table 3
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Exampie 4

Iﬁ this exammple, the step SC of the method for refrieving 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
piuraiity 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:

when there are no tumor contour suggestion pomts 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
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
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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.

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 baséd 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 detall, 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 oéher measured points and the
former suggestion point. The gradient EWMA difference between the
grayscale images also belongs an auxiliary index of features. In other
words, a former suggestion point requires to be indicated, and then the
algorithm is performed to refrieve a later suggestion data point selected
from the later reference segment 41.

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

retrieving a suggestion point 411 from the contour 1s described as follows.
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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 gradient of the grayscale images of the measured points 22 and the
EWMA of at least one initial suggestion point 411 are respectively
calculated. Subsequently, the differences between the gradient of the
grayscale images of the measured points 22 and 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 (O] gﬂ i } is defined as the weight-interpolated value (Zyy), which is

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

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

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

Ziw =N Gp+(1-N Y Zpy , 005 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 importaﬁce of the historical data.

Zijk =A sz’k"}r”(l')\ )Zij’-l
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62 65 65 67 if+lk 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 the
steps of: when there are no tumor contour suggestion point before a last tumor contour suggestion

point, defining one qof the pl ral'tyl)(if m suregI p in§ on ie first reference segment as a first point,
and one of the pIuT”g}it Wrzéé%u Ap?ﬁtS% Iﬂ?é ?@bﬁ 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 cohtour suggestion point before the last tumor contour suggestion point as the first

point. and =)\ Gijk+)\ (1_)\ )GU’—]+)\ (1_.)\ )ZGU’~2+"'+)\ (1-)\ )U"I)Gi?,-?-
(1-A Y Gy

i(j-z

/2 .
AGy + 2 A=Y Gy, +(1- )G,
= z=}

In the formula, as A increases, it 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 exampie, when j=7 =4, 1fA=0.9, Zyy can

10 be shown as Zig = 0.9Gig+0.09G;5+0.009G+0.001Gy,. This
indicates Z is greatly affected by G4, By contrast, if A = 0.1, Zyy can
be shown as Zig = 0.1Gj10.09G;+0.081Gp+0.729G;;. 1t can be
seen that Gy, Gis, and Gy similarly affect Zig.

Moreover, the gradient EWMA difference of the grayscale images

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

of.11

reference segment 41 (U 7 ), and it is defined as the difference (Eij)

between the gradient of the grayscale image and the EWMA (Zjj) of the

7
point Al Ejjic = !Gijk — Zijk%

. As By 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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5 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; .
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 point on the second next reference segment.
In this examplE2tFidlakgHe i U2 B¥e main consideration wherein the relative position of the
neighboring three suggestj oints is considered. Since the contour of the fum gs a
continuous curved tra?vg,%@%@H”#%%&Bﬂ&%edﬁﬁf%ﬁc@& Sﬁt%ﬁég%%e%éé‘?ﬂ%mmt 20 Aliik on
the reference 4 d hird su lonpoint, should be as small ible. In other
words, using vaéigtggg%? ﬁﬁ%%%a#é&gﬁ%%&%gigeg%% él?%c]l%(?é%%ﬁa?g Tb]i(\:’lt‘\%\{/e(Ieiglr(l) %1%98 \%e%(?{'(l)arg going from
the first to secang suggegtiop-paittisand thesergaingifigmithisseconddhirdgygdestion points
should be smaller than the cosine of the included angle between the vectors going from the first to
second suggestiaR4Qints argihgre &939iﬁmthﬁ%%@ﬂ%@ﬁii%@qfﬁh%é}hsrm@@ured point. As
the included angle decreases, the cosine thereof (cose ) increases. Besides, 5 due to cose in
quadrants | angfstés posiivedhe rontisuityadiguiredwivile dofitecaf the thaaranstdie minor
curvature between the neighboring two suggestion points can be expressed. The angle used in the
present inventioreanndbxiliapgént exasiiéattires: dmdtivelr Wovts, of themaitiviswegistion points are
required, and then the algorithm is perfoi tiled to retrieve a third 10 suggestion data point selected from
the next referépi@istigientn the\ii Fesrencel (G $. i3 dhimpnbechiotanb raraseiiee 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. First, @‘f?e'd*"rﬂhe method of moving variance described in

4

Example 1, firgiolhtangl secoptbriggestionaaints 411 are retfipyeddaim toensighborhg two reference
segments 41 of the reference line 4 Then, the vector going from the first to second suggestion points,

and that gi?ing flré)gneh egecon cs)%.ug&estrign Eglintito atgéao eas redegginés on tthe eégrglﬁo ing reference
segment'41 a Calclrated’ré ectwel% AR Tirst &hd LecBia VEEHTS B8 ub gu t , the cosines

of the included gpalg Retveer i fishand eoondyeelais AeRchiated ihmang regasines of the

included angle, the maximal cosine’is choSen; arid the corresponding measured point 22 on the

neighboring meagitie dggseamenbisuieiieved aenvt RUIYSFIRRANE St dthsiugagRiion points are

retrieved from other reference segments in the

reference line B4y obtained by the moving variance. As listed in Table 4,

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

15  the grayscale images, and the following are the points 12 and 19 in order.

40



abovementioned manner. Basically, the cosine of the angle of the point AL* on the reference segment
41 ( 010liu) is defined as the cosine (Auk) of the included angle beeenSPPS- 1 and PS.. and twthe-
vectors ofij -2ul- The relationship of 5 the abovementioned parameters is shown as the following
formula 5-1. Agk = (founula 5 - 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, J is 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 15 5,

Table 5 sh

A LS "'I’\Q r\nn\loron’\n 'Fv‘nm

tha

aordin

o,

Hmaan

alrin tha anala

af-aach-be

it on the

reference 5>ea|1ﬁent.

urctaciTpunit

of the sugge§iianp

on the refereE

on Tne catdialos (n B ot o T sugubeyon Aaint B9 18 OR7 183] And that
oint is TZ36,193). In tB& first row of Téble 5, k is thd Rumber of ed¢h measured point
i(]:g segmer@_(gf,,,//,, . The§_onnd and thirg 28 5.6
k 6 7 8 9 10
Gie1p 94 93 87 88 78
Eiig 6 5.8 4.6 4.8 2.8
k 11 12 13 14 15
Gir1p 53 50 52 61 65
L Ep 2.2 2.8 2.4 0.6 0.2
k 16 17 18 19 |
Gl 62 65 65 67
i Eﬁ+1k 04 02 0.2 0.,6
Table 4
-Example 5

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

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

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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rows show the coordinate (X +2k2k )(in the image) of each measure point. The fourth row shows the
corresponding Airy2k of each measure point. In Table 5, the corresponding suggestion point PS., on
the reference line B H7 obtained by the moving variance is the coordinate 5 (237,193), and the
corresponding suggestion point PST on the reference line Bi "eh' 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 js that the coordinate (in th imagge) belongs
discrete integd¥ JRE2SEIEAPIIH SoMR ﬁ?ﬁ?ﬁ‘{)ﬁéﬁ%’r%é?&ﬁ?g@ &ysteirRas RfdRYy Srrounding

azimuthal points (3600 azimuthal angles) but one point jn an integer oor%g]ae ystem has only eight
Cumounding pOTAE (SUAT RethorET SRNEH i edE MO B T e ea

WO reference segments are too

close. th 15 sz ok anle.s UpRgRC R Imied by llenees gl laiatsg,and thus te

vector of the inc a subsequently outpu ecomes acce 345xAfa'o0
2k 227 before the last tumor contour suggestion point as the first point, and

th

defining the last turnor 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;
10 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
15 point on the second next refer_ence segment.
in this example, the angle is 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

20 Al on the reference segment 41 (OI AL ) 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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suggestion points shouid be smaller than the cosine of the included angle
between the vectors going from the first to second suggestion points and
those going from the second suggestion point to the measured point. As the
included angle decreases, the cosine thereof (c0s8 ) increases. Besides,

due to cos8 in quadrants I and IV is positive, the continuity required by the
contour of the tumor and the minor curvature between the neighboring two
suggestion points can be expressed. The angle used in the present invention
is an auxiliary index of features. In other words, a former two suggestion
points are required, and then the algorithm is performed to refrieve a third
suggestion data point selected from the next reference segment.

With reference to FIGs. 3 and 12, 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.
First, based on the method of moving variance described in Example 1, first
and second suggestion points 411 are retrieved from the neighboring two
reference segments 41 of the reference line 4. Then, the vector going from
the first to second suggestion poinis, and that going from the second
suggestion point to the measured points on the neighboring reference
segment 41 are calculated respectively as the first and second vectors.
Subsequently, the cosines of the inciuded 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 18 retrieved as a suggestion point 412.

Other suggestion points are retrieved from other reference segments in the
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k6789 10 2k 232 233 234 235 236 YA4,f2k 193 192 192192 192

abovementioned manner.

Basically, the cosine of the angle of the point ALy on the reference

segment 41 (OI 1l ) is defined as the cosine (A;) of the included angle

PS; PSy PS; AL

between the vectors of -1 apd ik The relationship of

5 the abovementioned parameters is shown as the following formulia 5-1.

A=
(xpggj_ —XP&._E)(XAQ,{ ‘XPL-.. 1)‘“}“@10&] , yRS:j »,)O/AIU;, ,VPL,_,_ )
' - 2
\/(be’ S T PSys y +(yP% Ves,. \/ Aty TS, ) ‘*() )

voreoo(formula 5- 1)

As the A;-j;{ increases, the possibility of the point to be the desirabie
10 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
15 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; is (237,193), and that of the suggestion point
PSii+q is (236,193). In the first row of Table 5, £ is the number of each

measured point on the reference segment O/, /., . The second and third
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rows show the coordinate (xAI 542k s y Alyi01 Yin the image) of each

measure point. The fourth row shows the corresponding Ay of sach

measure point. In Table 5, the corresponding suggestion point PS;; on the

. b I ) : . : .
reference line  * ¥ obtained by the moving variance is the coordinate

(237,193}, and the corresponding suggestion point PSEH on the reference

line B,i 4 i7+1 obtained by the moving variance is the coordinate (236,193).

As histed 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 {'alue 1s an auxiliary index of
features is 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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191 191 191 190 190 2 -0.447 -0.707 -0.832 -0.800 -0.857

k16 1718
k 1 2 3 4 5
x 227 228 229 230 231
AJ{}-%-Z}C
¥y 194 194 194 193 193
Al
Ao 0.994 0.992 (.990 1.600 1.000
k 6 7 8 9 10
x 232 233 234 235 236
ALy
¥ 193 192 192 192 192
Al
Ao 1.000 0.949 0.894 0.707 0.000
k 11 12 13 14 i3
X 237 238 239 240 241
Alyg |
191 191 191 190 190
ij;;H—Zic
Ajirax -0.447 -0.707 -0.832 -0.800 -0.857
k 16 17 18 19
X 242 2473 244 245
Alyiop
190 189 189 189
Vo
Asiok -(.894 -(.868& -0.894 -(1.914
Table 5

Please refer to FIG. 13, which 1s a flowchart of the method for
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retrieving a tumnor 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 imput 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 mmor 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 vaiue 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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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 5 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 tumor_ contour js.in the tumor contour nnéfrl]a%r}{@ jon, and ea L%Jgf he plurality of reference 10
segments is acros¥ e Wnﬁmegﬁﬂ%lgﬁaﬁ ElL 1éea()ﬁcl Iﬂ%eofr}ﬁﬁﬂgﬁ d points;

Step SC: retrieving, a modulated tumor contour suggesti Doint on each of the plurality .of reference
ceqments, and SIE S8 TR SITERS SeaRiHetE L or ot SIREo O BIPCTREH il of the

reference segr-lgl%@af‘% @J@Q&tb%ﬁr&ogulated 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 Gil,, nermalizingheiveluefallihadineasured naintsqathe 20qHeference
segment retrieved by a moving variance retrieving method, the value of all the measured points on the

reference segmentretieed dyartontasheeidainganatatd g thexalyaiatalhenmeasdred points on
e each the measured points on the reference segment, by multiplying product
corresponding to each of the aforementionéd retrieving methods together,
wherein each of the products is obtained by multiple the normalized value
of the measured point for the mumber of times equal to the modulating
10 criteria of the correspending 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
15  weighting parameter, respectively.
However, in the moving variance retrieving method applied in Step
Cl1, 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 h.:)cal'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; and the
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reference segment retrieved by a distance retrieving method, the value of all the measured points on
the reference segment retrieved by a gradient 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 5 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,

herei h of th ts is obtained b Itiple th lized val f th d point f
the number of FHEC L 15 EATRALIAENG 1L THEAS O HE <OreiBROh A TRLROp ethod,

iber of s Equarto the ot . gmethod,
erorence segEATEY G e e TRl e by
multiplying the, coqringteataach phibemeasicerRoints o PefeiiaIcR sRABERAIL the

corresponding I5weighting parameter. fespectively. However, in the moving variance retrieving

method applieshtn ieRhRachakthepliably Sf feferance srameBS inehiderspkyrality of local

segments and each of the plurality of local segments includes a plurality of moving horizons; each of
the pluralify ofesdhgetmeniacoosisigafgnelnf 2 ibespluiality-etivaasurgdmeints, dideast one
measured point before and at least one measured point after the one of the plurality of measured
points, and eagtepddthle pluaghtyrofhmiimgigrizd heccd rsistsanitone tidte plagaligyaafienéasured points
in the corresponding local segment and at least one measured point after the one of the plurality of
measured poiivesiateethé the grayscale image in the plurality of moving horizons; and
retrieving the measured point corresponding to the maximum raﬁo as the
tumor contour suggestion point.
10 On the other hand, in the contrast variance retrieving method
applied in Step Cl, a center of gravity of the input tumor contour is
retrieved and a plurality of contrast reference segments is defméd, each of
the plurality of contrast reference segments extends from the center of the
gravity to of the corresponding reference segments, respectively; and the
15 wvalue 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
20 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 distance retrieving method applied in Step C1, the value of all
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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 5
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. 100n the other hand, in %’ﬁg contrast variance retrieving method applied in Step C 1,
a center of grzfgﬁ%?%ﬁ%rﬁspﬁ?’tmﬁSPc%ﬁtB f?%ﬁi%ﬂ%ﬂaﬁeﬁmﬂﬁ?gﬁ%&ﬁﬂ‘éﬁ?éf@’ence segments

is defined, eacg%of thte I;i)luralié)é| of.contrag;'i rgference se r&lean%]st exte%ds romgjﬁlhe center of the gravity
to of the corre %g%ﬁnag 13158 %‘én%%grﬂ%a‘ ?s, ?8%%%%%v ; inttthe 15 Va8 14T (e MBasured points

on the reference, sSORGALBCELIEAE DYhe conliest sy D e Gpd ompsing (e steps of

calculating gra e grayScale image in the plurality of referénce segments an average

gradient of thegraviscale inageinrbeipurality.ab capirast [efere nee: seomestsvcalqulating the

differences between the gradients of the grayscale 20'image in the plurality of reference segments and
an average gradigm afrifie genecaleisnaae o the plusslityofiapRnitast igferemes segments; and
retrieving the measured point corresponding to the maximum difference as the tumor contour
suggestion pointggrdherdisiamcerretrieifighmethodl applieceifeSter Geghenvalue dfalirthe measured
points on the reference segment are retrieved in sequence by the distance retrieving method
comprising thestepstafinghenctiodrihanpiweiimol twrasmesupgiedtion ghintebiefoferdaging one of the
plurality of measured points on the first reference segment as a first point, or when there 5 is one
rumor contours§&gEHiBh HeRFOPErRRaIAY iR vinadheonrAEERS HesRoApBIStIKbNe of the
plurality of reference segments as. the first point; taking one of the plurality of measured points on the

next reference’ %@éﬁ’i’éﬁt REMERLORY an?ﬁﬁ&’-%mmnai%mgwlb&nﬁ SHSthBHBkt reference

segment

avin pmigimum di§t ncefggtweenrthe first point 19 gng the seconq oint as the tumor
oo S R D e R Rk S ativing

method appliepeijargﬁ%% Olimthe value of all the measured points on the reference segment are
retrieved in sequence by the gradient EWMA difference retrieving method 15 comprising the steps of:

when there are no tUOREOBIGSHITRVED AARSREPLR113N0ADE O RbEANY of gpgasured points

on the first reference segment as a reference list; or when there’is one tumor contour suggestion
Cl1, the value of all the measured points on the reference segment are

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 ali 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 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
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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 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 e EWMA va lura sured points on the
next referencé%%?ﬁé ts%gfaetﬁkﬁfg el%ﬂg' Xﬁﬁﬁlpgﬁf (gl%ﬁ?eg fﬁg Hilfreference 5
segment, hawg%géhe mj [ef[nuut kffefe%ﬂgeE en, th radlfnt oflgragl%ﬁ EW EE of and the

he

EWMA value thereor MoF COMtour SUggest the Aext reference segmment At last, in

the angle retrieying mesad apalistin PSR Slile ef/&k!f% ol e mensurerRolatspfhe reference

segment are retrieved in 10 Sequente by the angle retrieving method comprising the stéps of: when

there are no tyRErERRHMOUHSUGACSHON PRI DBIOMR-2 JaRt dUPMRRGOBEOH SHEge SRR ARt defining one
of the plurality of measured points on the first reference segment as a first point, and one of the

plurality of megssiashpoisisantesecondy efdfense segmeninasa seahing poiptapsouhen there is 15
one tumor contour suggestion point before the last tumor contour
image thereof and the EWMA wvalue thereof, as the tumor contour
suggestion point on the next reference segment.
‘At last, in the angle retrieving method applied in Step C1, the value
of all the measured points on the reference segment are retrieved in
10 sequence by the angle retrieving method comprising the steps of: when
there are no tumeor contour suggestion point before a last tumor contour
suggestion i)oint, 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
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 pomnt 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 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 piurality 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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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 secend: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 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 beiné(l;g&%qe%end point of the second ve%}zr cQresp nding to the angle

having maximtf* &6 ugf §§etﬁl ?‘é%c?&%ﬁaﬁg%t?gﬁ%girﬁa 3

thé sécond next reference

segment. Since épd%%b%%\%ﬁgrg Q}ti'ﬂjagg %*‘éiggéo f rlﬁg%%\gwég%g%ﬁgﬁtpeen described in

Examples 1 tocg,n anation of these SO trieving method is omitted herein.

The abovementioned f£ps ithe JEtheds; INJEBIRYING B HHIHALCRNIGHEMRMIMagRBroCessIng

system of the present invention can be perfoi ined by computer progfams. The software written for the

methods for refigMing & HRQEEHNIAUT 6f 3n imadetkiecessiarsRian Oftibe: Fresant Y invention can
be stored in any recording media capable of being recognized or read by a microprocessing unit, or in

any articless andsgievigesinshising theitesbrdingrmedium. The articles are not limited, and can be hard
discs, flexible discs, compact discs, ZIP, MO, IC chips, random-access memory (RAM), or any articles
including the recording meeghe kerowmtion ohe kil cd 1Bdrmisthads Asithemestingls formerieving a tumor
contour of an image processing system is completely disclosed herein, one skill known the computer
language can SPRIENELari 0 NBSKrEOSERIEL: SNEBLIRPURS PrEsrRMEIVABESINIABIY Dte detall
referring to the software and computer programs related to the methods for retrﬁlr\éigg ta tumor contour
of an image 2O PSRy SrEtEH 8T PIOBE%eN{ G SAHSYAS ML HRR AP ARFABFERDIS 10Rthough the

present invention has been explained in relation.to its preferred embogimené,é%is to be %mderstood

that many othéF BHagibte hiBHAL 1S Wnd v AR AidRE cRITHE ad e Without kit

A |rneg€?rom the scope
of the 'n\ﬁ%]tlo?n%gnv%%lggg B %@{QE %‘1 any recording media capable of being recognized

or read by a microprocessing unit, or in any articles and devices including
the recording medium. The articles are not limited, and can be hard discs,
fiexible discs, compact discs, ZIP, MO, IC chips, random-access memory
(RAM), or any articles including the recording media known by one skilled
15  in the art. As the methods for retrieving a tumor contour of an image
processing system is completely disclosed herein, one skill known the
computer language can understand how to write software and computer
programs. Accordingly, the detail referring to the software and computer
programs related to the methods for retrieving a tumor contour of an image

20  processing system of the present invention is not described herein.
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 hereinafier claimed.
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What is claimed is: 1. A method of retrieving a tumor contour implemented in an image processing
system that includes a memory storing a grayscale image, a display screen, an input device and a
processor 5 performing method steps, comprising: receiving an input tumor contour of the grayscale
image; deffing atispgr.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 includes a plurality of measured
points; retrieviagthotunforerntog s sugge siatvpoinpmesel of theiphyaiypeisib gienentetsegments;
and linking gl Wmarconiaw sydeesiion.painte aAl Le IGSIRNCR. S0 mANIS, faripming the
tumor contour, wherein éach o th plurality of reterencé segments | cludes a plurality of local
segrentd GfdBREHSTeb SRR RIIGEarssFitens Rt Tewa RPN chastims Kdmaets; wherein
each of therplimalituablosatsegments eonsisisiof paltbe Pl efmeasurest peitsat least one
measured point qqeforetﬁlnd at I§ast onetmeasur%g {{15 oint tafter the one of the}iyﬁ)lure}llligf%‘ measured
points, and &ach of the p‘iulflgﬁfyﬂo Or%g?/ﬁln()guﬁgrilzlon% CONSiStS Of one of the i%’rg | ye%(f neasured points
in the corpbspndifng focalesagmrait iand et ldastopechgaswadlpoirtiafterdielote ebthalglurality of
measured PRiniS-andMRerinithe JUMRLLRNOHKBUAgesHAR RRIRT ISyreliigvedhy g meawng variance
retrieving method comprising the steps of: calculating a gradient variance of the grayscale image in the
plurkiity JFfErare s ERgHee SHangrr LV dyB G ratiBnt Tassade fanl Qf’a%églg?ﬁﬁ%%@r?ﬁethe plurality
of movingdwrinonsocéloulaginie thenrationobthevgradie ntararitieepbfrtthiey grhysestecémagecinsthe plurality
of local SeAMmENs, s Aver ade dladient vauangs of e gﬂﬁ){ﬁﬁﬁlﬁ AgedLe PRl gf moving

horizons; and retrieving the measured point corresponding to thé maximum-ratio as the tumor contour
suggestighipdifit 2 SRVARS OGO P HITEVRIGRaCifTOP CBRIB B 19fsleifrapfRd AentiFineAgBptbcessing
system that RGOS MARIAKY SIREGtA QERYEE AR KRG Gromnbl iIsfhay seeekandRpulaavige and a
progessor erforming. method steps, gomprising: fecelving annut tymor doniour of the grayscale
image; d |r11|ng & tumor contour annutar region an plilufaﬁrtly of reference segments o0 the grayscale
image, whergnttsensipatofurmopttstolirabtinahwmeeed comour dimidaryyidng ardleaenaf the 30

plurality ofxefelenrersenenis jeiackass e td Man comtaunantlan regiRmhandincudes aplurality of
measured points; retrieving a modulated tumor contour. suggestion point on each of the plurality of

reference SBYTENR SHEERHARG ATt TREYETIE  RIMSISCERIBYF SEGGRLEIRBENE BRTPS! the
referenqet]%gﬂ_ar;erﬁﬁ, felcibrining medmmdwawdetwmorecmﬂwmlnegeimm& mpodulgted ﬂupabr contour
SUggeStion NI %@%&Qﬁ@é@@ Rlrality O T&IeTRNGE SE9BRIIR.0 Q@tﬂ@%ﬂ}’aﬂ?ﬁ ofollQwing steps:

normalizing the value of all the measured points on the reference segment retrieved by a moving
variance POfifVRGaTalBE, Hie Uiaé F sledienhiesareaisbintanhakd raes bries Bigiiretrieved by
a contrastgeirieyingmetiedthayatie of alibemeasused poinis of theheiarencesegniapt retrieved
by a distanee felrieyingmethod the xalus of.all (e measied S palnis,an e feference seoment
retrieved by a gré&?en EWW\ &lfflélrehce rgtrlevmg netho ; and the value ofafl the measured points
on the refeminsessggpsientrrsttieved by an angle retrieving method into value between 0 and 1;
determining Anpdiating riteriadar each ebihrmaipramentianadicetigving-netheds; aalculating a
weighting parameter for each.the measured points gn the reference segment, by multiplying product
corresportit b CHER G Hie o =FGr R (RS T SRACH g BT ARREGERHET SRhe RS EAEh of the
products is:ditaing chbiran uitiplectheprisirmpalizedivalueigfthemeasored pdint forthelnumiger of times
equal to themogyIaling eHieia Al coraeBRnd B AeN NGB, HESREGH YR ARG Elrieving the

coordinate of the tumor contour suggestion point on the reference segment by calculating the average
coordinatBR4EEnT FERLTRF SRRIEHRGE GER SBt A dNsy HRGITIVIAY e teorsiideet @%féh%gme
measuregldblppiiitRribe stpferan iesagmentunith dhewo Hespaneing welghiing: parmeter,
respedtively; wherein o the moving varianes. fetrievino method. each of the, plurality,of peference
segments miauc?es a E)?urality of local segments and eac of the %%ura?ltypoﬁ‘océll segments includes a
plurality oflwieNing s ek seasntef ablpldralit) Brioedr segriems CoHsIs s ek e Plurality of

measuredpgints Aeast ens.measyes-heintikeiorerrd atleashabe-maastredait2Rafter the

one of the Iuralitg/ of measured %.oints, ar}g %@ch (?f t?,% pl%lra%itly of moviné% h.ori7Fons 8.»??%?8 of one of
the pluralﬂ%%&% R S5 TRE P Th & TR Sp BRI OE S S8 G SAA At 188t BRE Meallred point
after the one of the plurality of measured points; and the 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 iidge in the plurality of 25 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; wherein in
the contrast retrieving method, a center of gravity of the



30 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

referencg 3ggment:ane Rireyed PYHhe canuasirettieying rpethad:cCONRAISIRG - steRs:efi calculating
gradients of the grayscale image in the plurality of reference segments and an average gradient of the

grayscaldsiage By th& PIianirarCortreatte it Uegmidnel hitsmg1iie B eCRS between
the gradieaffimseqédhegg.mywaﬂe/&emhge ¢nrinestpluraiviy ofireiede ricevsing m%adtﬁ:gnda_:awadem’@e gradient. of
the graysgalg imags in ihe pluralify.ef sontiastielerancs. seamentsha0g Jetieving the, measured point

corresponding to the maximum differencCe as the tumor contour 5 suggestion point; wherein in the
distahce Petifé Vg erietrserethrevan e orandthe hraadtrel poltd OR ther retereiea sdiithetitare
retrieved i Seqieescgl hydhe distansa dethie virgmethadsegmprising:the bieps oklwhencthare are no
tumor contour suggestion naints befpre, faking ong of the plyralty ofmeasured paipts,on,he firs
referencénseegmeln as afirs pomP, or W‘%en there’is one tumor contour suggestion point before, taking
a last turarreoemoomesutstresstiom peintden wivalaith e MOepiiatitpoireterdpceasbghremesascthe first

point; takipnghQnerofikhe,pltkality QfMERASWEdRAMSAR E'Sl%dﬁ%%(téﬁ%ﬁ&ﬁﬁni‘%%n@ﬁﬁha%ﬁ ggcond point;

and retrieving the measured point on the next reference se mentbgh‘ﬁvin e,minrhmum diftance

t
bethRen HETHERIBIFT SHIFYHE DEEsHS (98feLs thE S @%ﬁ%sar Gt S HERIPEH SR HR hext
referenceipoiotpnieeialve thetyradient&VyMA diffehe noenbetridvingemetirddothie veddeloiall the
measured, ROINts N, G LEICFaNEE SEAT &5%&%?&‘3%489 I, 559Ue0GS Y the gradientRWMA

difference retrieving method comprising the steps of: when'there are no tumor contour suggestion
points befFET GGG GHEZET SR OF Hie sdEradsbrsBPthe irltiasdtefesrady Reentica reference
list; or wheshihRserisosre it meECanNiBinsiggestithRaiptihefaediakingrahaf tetpendsustumor
con}%ur su&g{esgir?qtﬁeo;n S as the rrtla'l]:ﬂe1 ence lj g; ng\ési;dion an \%\J}I%A wel htiggrforéguéc " %Ft,ermining the
weig tingp Actor of the E%ﬁl\/fﬁgwelgrmng ormula and re emr%g the A'value o t‘ﬁeyfeference list
by the gradiesats of Geapsriie Tmage: ot earhvbipibaheshrethsoiibsabbtg wiferceosammsuggestion
points in thaeferepes.list disinatheEWM Anvaldenafthe refarance disgtand.the-gradiantssof grayscale
image of each of the plurality of meaSLﬁeO(%hE)oint on th(feﬁnlext reference segmen as the.input variables

of the EWNBRefhERy B8 miA HefiRth o theSRBTEBF fe ERTENTRR ARG PR 2L tHE 25 EWMA
value of ghwhlof tiferphunaditypaibimeasense dpointsondipeinext vefersindd segmentsandgdalkimg the one of
plurglity ofymeaswird pointsignihe, Pexdiefarensa Seament havingithea:mipimwm diferenge between

the gradient of grayscale image thereof and the EWMA value thereof, as the tumor contour suggestion
point on tHETEXCFORsehits RUFHHH WHSHER RRiBtR %A EratROvHBERSH SBE ARt VAR PRIl the
measured:poinssardhpirefetente segment anar3ityeifievashiadspauenesibyidhelangleaiettieving
method comprising the steps of. when there are na tumeor contour s ion, hoi fo last tumor
Contour P B B O PO PRNES
segment egraTfirsRpbirftcanel ciicBathe pRIrdIRYt ORHBesOFdlE gETHie b IIecsadondlretiteAte segment
as g secanshPRIBLAN Wheth i ISR HIMPR QO g aesHonRe iR hefne e Jasioiraor contour
e . T oo Sy 0geSion PR belone. (e os) lymay ot

suggesti it 8 tHE I8t Polirt and G&fiitg the TASt timdr E6RtouF ShiggeStion Point as the second
point; defintalsegrectorogbimy fragn ghedifinstvpinteoihe seosmicpoingcds Sfitwéittor madngectors going
from the segond pointinieash Gk ReRIHEA!EY:Af easitRehPINEORAiRRK Ieferenas sgament as a

plurality of second 5 vectors; calculating the cosine values of the angles included by the first vector
and the plARATHy BESELIRPHBESYESTRE H B ERF A ERIGHE S RCBINE: OF (IR SFYIEaLU¥d points on
the 3@conftipnexinieferance segrend, heinglihelignd pointaf theseecsagnsestar editespacdidg to the
angle hayjng AU COsne ¥alle, A3 NEdMOnSANIaNSSUAORSIonpain! oa e secegilnext
reference segment. 103, A metho o\f retrieving a tumor contour implemented In @n image processing
system tHAFIPEIRIBL S FREPSTcEeRNYy B yraliseatenh e Ardishray se raeisa Rytlt 48HEe and a
processordpadaribearthed stepsdcomprisingiteceiRgian MPLdWBRPSIRtou:ofthe grayscale

[ 3 LB!H.ralit of reference s Sgarpgnts of the grayscale

image; defining a tumor contour annular region and
g [1 nlgt S Otfotﬁe rayscaic 1L in {}]le 11 TEICrence seomen dVECY

image, wAgFETR THeSRPUT RO COMBUr 19 TAThe tUITIOF CORtOUF ARRUIAF region, and each 6f the 15
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 suggéétion points on all of the reference segments, for
fainting the tumor contour, wherein 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 20 reference
segments extends from the center of the gravity to of the corresponding reference segments,
respectively; and wherein 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 of contrast
rafarence canmente: caletilatina the differeancec hetween the Aaradiente nf the Aaraverale 25 imane in



includes a memory storing a grayscale image, a display screen, an input device and a processor 30
perfooning method steps, comprising: receiving 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 (e JRRUL MO CABIAUEISID I LUK RONIP UL AROUIRRFEQO R ARd S ACh-Alihe Riyrality of

reference segments is across the tumor contour annular region and includes a plurality of measured
points; reti&UIEea RERBICOR SIS FE<hD S BHIFE AESE b ih BRI BreratsrehBBYyments; and
linking alkthe:tumengoptauasugaesiiaypeinimeral elthargfsrencensagrneatsdordarming the tumor
contour, w er?rin the fumor confljour. u%%estiog. ﬁ)o'{nt f'ls retrieved "5r.1ﬂse%uenc§1 b}{la distance retrieving
and refrievin, £ Incasured T COITESPONAL © the maxinum diierence as the tumeor {)HFOUI‘ .
method comprising the steps of: W en there are %_o tumor contour suggestion points before, taking one
of thé plurelitssefmpead Uy poi mgi@rﬂﬂi@m§?§}¢ém@#ﬁ§h0§eéluméﬁﬂagfémi the pm_m,lr@é WHes there is
one tumqy,GaRte:SKIdesHOn PRINhEIAI s taKIRAR IRShIMMEO IR S14aa88H0RRYIALAR one of the

plurality of reference segments as the first point; taking one of the plurality of measured points on the
oxt refolBHEES S ARt A6 SdB B YU e TERLLAER BEARE SotRe B Feference

segmentpha\dagy_lﬂniemmfmu nheliStsineéioetweegmthne _:ﬁiﬁrsat Pointanid Qhe&fh@'cmp@inmeasm tumor
contour sygaestion 1aginian hieREXLISIETense RAINE S Ieedal{SiisYing adumof,contour

implemented in an'image processing system that includes a memory storing a grayscale image, a
dispfly sefeaHiA] TRistRIgR Vemsttea Brduesdirh BRIy YHEeINiEnY Berprd R feeiving an
input tumae eertauf-ahthesgrayscalerimage! definingdartuieomgahtomeanrud aoisgiontandea: plurality of
reference segments of t rayscale. 15 im wherein the input tumar contour is.in the tumor
contour ST R B oo
annular régisHnanEoREICEESESHRIY At ORI eE PoHEsPrEi avifg B BueEEsRBur ¥ddGestion point
on each gftheiurality ol efespacesegmentsiiand Hrking albdhestinas canlaue svgaastign points on

all of the reference segments, f rformingw contour, wherein the tumor contour suggestion
pointis rétHEs lﬁﬁeﬁ%eslga gntcl?g AT mn’%ig%ﬁ}i%ﬁﬁ%trnéer%n r%%?%)\ﬁﬁﬁm Bt tc‘%‘)?ﬁﬁ’nsgsing the

steps of: whehcthibrecare mottumorooomowe stitjige stonsreints, dfoesgnakindponeyoff pharstitsd of
measured pAINts, QRethesf iE%%eﬁ%ﬁ%éeéé‘g?néﬁ%%%?e?eﬁcreeff‘s@%‘?%ﬂéﬁ awhenibefg.is engdimor contour

suggestion point before, taking all of the pervious tumor contour suggestion_points as the reference
list; provishBg P WA ReEEhiAtorAtuR; BeteRminiRg RV EIGHEn G ISRESH B B EViMAweighting
25 formulaferadceeita)\prgihiecEWNRMAlueighthe fetentncktiah byrhagradidnis oigoayscade image of
eachof ey ieesuler RO YIS,Af, e WAL CORIOHYAATRFION ARSI NG RIGACG IEt 5ing the
EWMA value of the Teference list and the g a]?:llents of grayscale image of each of the plurality of
measuredIpBMtson itmEnekerefcretie dnsetisd RO RS U0 AABYS BREFEIENRGIASVBIBSting
formula; eefining the eupukoE ek WNMAWsightingniarmulacssie.BMIVIA yalue0f iB@each of the
pluralty of measyred painis on the next isference seoment, and.(aking the.one of plualityof
measure 6 iNts 6 the rext referenc Segment, having the minmum differéfice between the gradient
of grayscéie Fidgé theimoharidrie & ielnogaite avereof, g thé'tdroragnteafeugdestichepoint on the

nexs sefergRge segment-LnAMmethag-afirelieying.*dynarlcanieninniamanied.an image
processing system that includes a memory storing a grayscale image, a display screen, an input

device artki®rbiEeLed P etyaiing hBtABtsdidns e SR pRSIAG e BTG Sremptit (i8R dBhtour of the
grayscaleﬂﬁi_iagﬂ; dﬁﬁmmxggaﬁmmmbatgnaﬁ'mnm ufag:@gci_a)]n anaga ploralitynof fﬁdﬁms@ments of the
gfaysca'%h%eégég?@,@%h&&sm MNP YL SRS CORAUESHD HAE: LTS, EORLRHE ANNIAL[eGiof, and each of
the plurality of reference segments is across the tumor contour annular region and includes a plurality
of measutegpairtevingmesiing-altanidreshtalirBe GoesHsh POiRe o dBeHF e pIGRIIRY dffeference
segrientse@Rcklinking ahtbefuRanerRNtetEsHE gRtINpaIRisION R Witherr efeseice.segments, for
forming the tumor contour, wherein tbhef tum?r ggntour sy estion point is r%tr%eved 10 i? sequence by
fumor contour § réstioxlgrfjomt e %e 4 last tumor ¢on sur%ges on poiat, ae mu%ﬁ one of the ' . .
an angle rerf‘rlevmg metirsa’eo prising the steps of: when ther& are no turhor coritour suggestion point
before a lestaiinol eerstoed BRigge@stibe ipeimidafsirgon of ahaspiwaligpdintedsbeedpoitits on the

first refergpee.seommentas iRt RRiG and-ane afdhenphyality-ehmeasuradprinte Lo themsecond
reference segment as a second point; or when there is one tumor contour s #gestitag {;g%nt before the
€

last tumo P ER BT L GHERTERRRSTA, PAEHR NG BT ATE Mo e Sy e s BUiR ‘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 &% 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 20 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.



METHOD FOR RETRIEVING A TUMOR CONTOUR OF AN IMAGE PROCESSING SYSTEM
ABSTRACT OF TIIE DISCLOSURE 5The present invention related to a method for retrieving a tumor
contour of an image processing system that includes a memory storing a grayscale image and a

Processol, GOMRASHAN: e EHING AR INRULMMRLEABIME Al JIS ALAYRAAS.IMRgE:HHRING A tumor
contour annular region and a plurality of reference segments of the grayscale image, wherein the 10

input tunfSTEBR RS RTE FORHOY SOHDTP BRI’ BYTGHOMHRP BAK BT Hee SRSHi&)'BE f&fBtence
seg_mgnt&Bfa@f(ps&the themereanior asn_muﬂar Fegian aﬂdvmm?&@ pturality efcmelastiredopoints;
retrieving. & Jumoy, conen, suagesion naini.on each, PLAE. RIUall.6f 1816 Bnog Reamentz; and linking
all the tumor contour sugé’estlon pomtspon all of the reference segments, for 15 folluing the tumor

contdur. EstoRdRiyiaBybpRarigetHeusiethdd stdheiprudenbindention caldondhearraliaRf and
accuratel:identifiithe capteUlR;a.HMRHR A IFRYSEAUINRPSL Measdred 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.

10 3. A method of retrieving a tumor contour implemented in an image processing system that
mcludes a memory storing a grayscale image, a display screen, an input device and a processor
performing method steps, comprising: receix}ing an mput 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 fumor contour annitlar region, and each of the

15 phorality 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 all of the reference
segments, for forming the tumor contour, wherein 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

20 reference segments extends from the center of the gravity to of the corresponding reference
segments, respectively; and wherein 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 of
conirast reference segments; calculating the differences between the gradients of the grayscale

25  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.

4. A method of retrieving a tumor contour implemented in an image processing system that
includes a memory storing a grayscale image, a display screen, an input device and a processor

30  performing method steps, comprising: receiving 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 ammular region and includes a plurality

of measured points; retrieving a tumor contour suggestion point on each of the plurality of
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reference segments; and linking all the tumor contour suggestion points on all of the reference
segments, for forming the tumor contour, wherein the tumor contour suggestion point is retrieved
i 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 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.

5. A method of retrieving a tumor contour impiemented in an image processing system that
includes a memory storing a grayscale image, a display screen, an input device and a processor
performing method steps, comprising: receiving 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 includes a plurality
of measured points; retrieving a fumor contour suggestion 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, wherein 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 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 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.
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6. A method of retrieving a tumor contour implemented in an image processing system that
includes a memory storing a grayscale image, a display screen, an input device and a processor
performing method steps, comprising: receiving an input tumor contour of the grayscale image;
defining a tamor contour annular region and a plurality of reference segments of the grayscale
image, wherein the input turmor contour is in the tumor contour annular region, and each of the
plufa}ity of reference segments is across the tumor contour annular region and inciudes 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 all of the reference
segments, for forming the tumor contour, wherein the tumor contour suggestion point is retrieved
in sequence by an angle retrieving method comprising the steps of: when there are no tumor
confour 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 peoint before the last fumor contour suggestion point as the first pomnt, 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 veetors going from the second point to
cach 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 fumor contour suggesiion point on the second next

reference segment.
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