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 S|de effect and an important radl raphy for retrieving information from patients
applied in cllnlcal ﬁ?ﬂﬁeﬁ.ﬁér é\Aﬂm@R QR@%@Msonography can
provide real-time medlcal 15 ma%ﬂ%&%&g&% éﬁ jﬁé applied in medical examination
and diagnosis of tumoral change f % the ultrasonog-raphic image in
detail, the prolg’tf g )€ | Ncﬁta d by doctors. Thus, ultrasonography can
advantageousty-reduce y--20 In ultrasonography, an imaging contour of a

tumor is a prlng@%m 4&@%{1{%{10&5 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 %aﬁ%&r&ﬁy Al HeiexaEINREoR of 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

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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tumors at the initial stage. In clinical researches, professional doctors often 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 determia‘ife the site of an imaged tumor, i.e. to determine the caontour of the 10 imaged

tumor. ConveiBHHfy HRdiAZaATERFJEARRRIEaH #h AGEERRS & GORAHHINeARE Btour of the
A R RS S, PRl fgfpuncany of e
the contour of dig Lmak. AR e undesiahlaiieck e ds paminplien.aLidenlication of the tumor.

One of the advantages iagnosing the ¢ontour of a tumor aided by a comput at most of the

people who kngwihe logation ot the imaggd 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 20 approximately

depict thedpoundary of Haeefiamor withinakedieveseThen chiasempaiesLan pravide thegeal boundary
of the tumor by algorithm. Hence, the computer-aided diagnosis is invariably highlighted in the
research of meghidalgmageproeessingadodexdmplettin kb Misheeldfasmetabsedtbarth Snake
algorithm, in which an initial boundary was determined first
by a computer is gradually accomplished in clinical application. Basically,
the prerequisite of the examination or identification of tumors is to
determine the site of an imaged tumor, i.e. to determine the contour of the
10 imaged tumor. Conventionally, the researchers delineate an imaged tumor
to 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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and then an optimal boundary was found out sequentially by algorithm Therefore, Snake algorithm
now becomes one of the well-known methods in medical image processing. Snake algorithm, also
called "active contour method", currently 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 algoritfRGARCHLRSNARTEEN bendraay s degHbograyprRElIg-RNy B8ALHER data in each
region, and refyjeve data according to a feature, by surrounding a regi ggsed on spatjal consecution.
The 15 advantBF 1054t B0 TS IR DTS SRS e N iRl FEE AN BR 4% contour
method". Snal§e %%Q{étgr? IS séjit%l:))I%Stson,r)L trieve data from a line segment, a boundary, and a contour,
to dynamically]t]ra'c , and {0 thrde-diman onally comparison. As long as the initially delineated region

is near to the contourﬁgemg i&tg&gﬁﬂﬁg im@@%aﬁgﬂkea@@@@t@ﬂhﬁﬂﬁ m&_gsgoc

' ; inah gontour by
recursive calculation. As shown in FIG. 1, the contour of the airplane Is retrlevedaé;/ theg;conventlonal

Snake algoritiReomWViRmRARKeIAGONIND i5 2nRliad in %Hé'fh%gsrhﬁ\é%'%ﬂs@im%waw, especially

in an image having high contrast difference between outside and inside neighborhoods of the
boundary, an aecepieble. resdhsle aheoshitain etk Paweyel, dhe vmofiidage aiendagsan indistinct
boundary or hypoechoicity, or even has no hypoechoicity such that the applied Snake algorithm needs
to be modifiedad depigidhe wathtahie clmaniyn G enenathy Snake thigaritteidiés sggpbed tio itheestigate the
consecution, curvature, and 5 local gradient energy of each point in the regions (nxn mask)
surrounding afgteeetmgerpend. thewsveingltHaleghes elitvunamdetimpgsdetetisined point are
indistinct, the search result of the regions surrounding the predetermined point is poor in Snake
algorithm. If mé2HPEgIBAs SEIPBundiyBee Indhepretibtaan s paints e indlaghes Jhake 10

algorithm cannot propose acceptable results. On the o{erh nd, if calcylating regions surrounding the
pradeteitined BTSSR A ES AR SO A S A o L R SRSl provides
unsatisfactory a{gg%s {lgarclfar e-scaled indistinct images Furthermore, the calculation of Snake
algorithm requires alaeplc ed contour of an initial 15 region given by the researchers. Once the initial

region is improperly dgjergained angh e dmAgsisnAisiNG!. SAake garitim,capRELHIPUt an

outstanding result in the ultrasonographic imaging of a tumor. In conclusion, the” converitional

delineation of a&:lmQr needs teckgiearaiutly agenebrrds ol medicrl prefessionals: Ry contrast,
Snake 70 algorithm requires an initial approximate contour of a clear predetermined region instead of
delineation by hdsgnaadihetug subdeguenteaionlationd 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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performs the approaching of the real contour in Snake algorithm. Nevertheless, if the input initial
contour depicted by hand is required to very close to the actual contour of the predetermined region, it
is 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 Bf &RHRRE preREsSndhy SeEnetimage|ofies hanamimgistoeh ergaasele image and a
processor. A method of retrieving a tumoi conto%?iémplemented in an image processing system

that includes alRBRASSAPKHMNG Cy Ry Bes @ BisY B dhab b R a processor,

according to an.embodiment of the present.inyention comprises: receiving.an input tumor contour of
the grayscale ierlrlu%%rel, ef%?ﬁg'sat?u%%%% lt%ﬁ%/&ﬂn%?ﬂclle ncgﬂg)grpﬁ\gﬁ%]@' ot&g e segments of

the grayscale igiage, WOBIRIMING WRIAMONAQRIGLIS IR (hedunal ganionr aaayiar fegion, and each

of the plurality o ehce segments Is across the tamor contour annular regionand includes a

plurality ofmeasLiPARAIAIS: SBUEVING SMatiNOH: AAPILER) SaEALIEpluralty of

reference segments; and linking all the tumor contour suggestion points on rence
segments, for farmingdieriinen Coiedr.  Hoviaihogrofketripainena tuieseastesr iplemented in
an image processing system that includes a memory storing a grayscale image, a aisplay screen, an
input device andalpracessar, pondrding tindimihet, enhodivassit ofsthdtpreSetticnyesiier comprises:
receiving an input tumor contour of the grayscale image; defining a tumor 5 contour annular region
and a plurality $ifreferd e thegpredeteomtine graysdale imag sy Whekeiritgeritiput tdfhoosbntour is in the
tumor contour annular region, and each of the plurality of reference segments is across the tumor
contour annuldicEagisn sERePHdRdhe pRAENY SORICERIREE POWRIS, Breetnéiatigel.nfoditated tumor
contour suggestion point on each of the plurality of reference segments; and linking all the modulated
tumor cohtbur & BB FHUBEHRCrERIRREe S8gHentl ol ¥ining thE4R8duiated tumor

contour; wherein,the modulated tumor contour s%estio oint on.each of 10 theé)}]lgé lity of reference

segments is ok%t%iﬁl% __Uhree%%%viﬁ%%% - Tror ifi’ﬁ ! 8%@0?&1%9‘%8%@ oints on the
reference seorggnkLetHReTHiY 2 /touRd Y TBRge LataMRgg et dhe vale plalithe

unsatisfactory results for large-scaled indistinet 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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measured points on the reference segment retrieved by a contrast retrieving 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

retrieying methad, and thesvalue of all the measuredipaintson thekeferencersegmentrigtrieved by an
angle retrieving method into value between 0 and 1; determining modulating criteria for each of the

aforeirientionetitetidving 2b rReBATcaISuISHG & WaidHFSPErametst thPEadPieMEaSlred

points ga theeferepcs sggment Hydnultiplying produatnorespeming: i egshreiibe aferementioned
retrieving methods together, wherein each of the products is obtained py multiple tlg? normalized value
of thebHBBSGHRBPBIETBr tHfe RiMbe? M- life LRI 1 i migttiding® ﬁgria%?th 88ﬁ‘éréﬁgnding
retrievigg mathed respactivaly apdretrieving the corrdinate afithg dumargsniatmsuggestion point on
the reference segment by calculating, the average coordinate, from the sym of the product obtained by
multigtying He- Bobrdirite FPRAERDF e Aieaslirdtfpdiftaoh tie %?greﬁggas]égment with 5 the
correspangirgrweighting patemeterorespectively; wherein in the moving variance retrieving
methaod, each of the plurality of reference s%%ments includesta Blgragtgeqz Iogal se rggn%eand each of
the plurality offBREFelméfts Mtluddt®a Harafit 5f moving horizons: each of the plarality of Tocal
segmgatsreansisis:of ere of thei Hyplaralityebmeasuredypointst atdeast oreg measred poimcbefore
and at least one measured point after the one of the plurality of measured point d of the
plural®y BF fBvihgHoriZdts él&fnesslstsaof%%néotﬁ}fhesﬁlﬁ%ajlﬁi)? of mehsured Soi%ts J|'ri?1 ?%%cc%?gl;pénding
local seginentsand. at least one measured point after the one of the plurality of measured points; and
the

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
comprises: 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 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
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15 value of all the measured points on the reference segment are retrieved by the moving variance
retrieving method comprising the steps of: calculating a gradient variance of the grayscale image in the
plurality of local segments and an average gradient variance of the grayscale image in the plurality of
moving horizons; calculating the ratio of the gradient variance of the 20 g-rayscale 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 sugaeslign RO YErela It lhe.oniiast elieying: Mo A Cellgr ahgrayiy of the input

tumor contour Is retriev prarality of contrast reference segments | neda, each of the

plurality of conlrasieference seqments extepmsframihecanier ot thegrainde oiths,Forresponding

reference segmerits, respectively; and the value of all the measured points on the 5 reference
segment are rejievRd Ry 1be, coatashrelrieWniumneiRogoemprisiag ibesiapsofcfaisulating gradients

of the grayscale image in the plurality of reference segments and an average gradient of the grayscale
image in the plunaliy afraonirastudterencesegnanidudeicylpiinglive diffesanoesibesiveen the
gradients of the grayscale image in the plurality of 10 reference segments and an average gradient of
the grayscale imtigryvinghe phadiitytef contrastaefeosn ceugegatentspaind retriewiiy tetheeasured point
corresponding to the maximum difference as the tumor contour suggestion point; wherein in the
distance retriefhgaiBthod, tketaice ceamgisi saméakinkeap@htsion thedulatedcalmsyment are
retrieved in sequence by the distance retrieving method comprising the steps of: when there are no
tumor contour SEBERSHBISBSIHEIRASNES PIkih VB of ther BheraftEoreRis aben daptingsdm the first
reference segment as aéirst oint, or when there is one tumor contour suggestion point before, taking
a last tumor coMBUF 3 S iHFELT St on one of the plurality of reference segments as the first |
point; taking one of th%guralit){hof me Spa(%(a @gints on the next refet{i%%ce segmerétagﬁ, aésecond point;

L Toln O COntour suges O11 OF.
and retrieving the measure%ll point on the next reference segme%% ﬁavmg%l}a minimum-distance

between {fe firglPQMality of reference segments is obtained by the following steps:
| normalizing the value of all the measured points on the reference segment
retrieved by a moving variance retrieving method, the value of all the

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 togethe;‘, 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
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and the second point as the tumor contour suggestion point on the next reference point; wherein
in the gradient EW1VIA difference retrieving method, the value of all the measured points on the
reference segment are retrieved in sequence by the gradient EWMA difference retrieving method
comprising 5 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 ref list; .pravidi WMA weighting foiniula; determining the weighting 10 factor of th
EWMA woigh R0 TS Bt fec RELHE EVIRRA CAICK B e CYBPAME T e ot of

grayscale image,gf.6ach oL egyled POILS oL e oL cantapuagestion points n the

reference list; using valtie of the reterence TSt and the gra grayscale image of each

of the plurality of measured points %&%@W@%ﬂ%&&ﬁ%ﬁ&ﬁ&é&%%&@%@es of the

EWMA weighting formula; defining the output of the EWMA weighting formula as WMA value of

each of the plutalits6fdneaseRshBRBERMIBEARXE Iiaranse seaertranddaking: therpne of plurality
of measured points on the next reference segment, having the minimum difference between the

gradient of grayscalerisepaed?fdthesoftandrhemyydA-valueribereof, 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 thehefarenoetbegmentnay eveeteave drinrsegnenoethotheaachlefetiieving method
comprising the steps of: when there are no tumor contour suggestion point before a last tumor contour
suggestion poityudiising tmierentsespimramis onphedes e ivomtty ool et seastaincmdegment as a
first point, and one of the plurality of measured points on the second reference segment as a second

point; or when&h@teq§ Gie RIFBHE cBhtRmLUEEAEBI poiREEfore MEMRISHAR JReyHGuUr suggestion
point, defining.the, tumor contour suggestion point before the last.tumor contour suggestion point as
the first point, SREEHERifG qugfl?u BF%&PE&%&?@Z&%%&%%@ 8hé &g defining a
vector going from the first point to the second,point as a first vector,. and vectors going from the second
10 point 1 each BES S S B e (el B G A R S ey o

second vectorgn%a}ﬁgﬁﬂgg&%%%gﬁéﬁ%%%geﬁng 3@wggﬁﬁ%%ﬂg%gx%%r§yﬁgt%ﬁ@d the plurality

of second vectors, respectiv aking the one measu Ints on the second next

reference segragsy. S1oiRY YerSRE, R ¥ itke 156G ORHVESRIES SomssBeRENG IRANE asigle having

maximum cosine value, as the rumor contour suggestion point on the second next reference segment.
Accordingly, bynapplird theimaethodifer ¢etrieyingdiumetsoniathehanimage preessing system of
the present invention, a doctor can rapidly and accurately identify the contour of a tumor in a grayscale
image. Besidemy2Bsindepthattafiar tontowr cartheerforabt, ot theapayst aleimagmbaked on the
calculation of one of the five kinds of the retrieving method, i.e. the moving variance retrieving method,
the contrast rewidwingnadtibae nikesgiad meanstdaihg rasthwdctiegradicatcR wNpy etiffeyence

retrieving method, and the angle retrieving methad, the time spent in calcUIqtion of the tumor
' the moving variance retrieving method comprising the steps of: calculating

“a gradient variance of the grayscale image in the plurality of local segments
and an average gradient variance of the grayscale image in the plurality of
moving horizons; calculating the ratio of the gradient variance of the

20 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 pomt;

wherein in the contrast retrieving method, a center of gravity of the
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contour of the image processing system can be minimized, and the similarity of the tumor contour
compared with the actual contour of the tumor is maximized. In 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, 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, wherein each of the

plurality of local segments consists of one of the plurality of measured points, at least one measured
point before a8t 1€48 Gné M %‘%ﬁr@d%&ﬁ?ﬁe?ﬂé 8n8{3f5§1®/ pﬁfaﬁﬂpgf%e?(iﬁ?%‘zﬁoints. Besides,

each of the plurali Vi iZQNs,. COBSIsts f the plurality of measured points in the
correspondingﬁ%eﬁgﬁegﬁlﬂ%ﬂ%@%@%ﬁg émé@s%lgtﬁ &?i r{ft{gJ after h%g%%ﬁ%ngﬂﬁ%gnfpépaﬁty of .

measured poinigrendMREAVE DEHIME BN HIGS PR FAD ARRI YRA B2 mOVing

variance retrieving method comprising the steps of: Calculating a gradient varfance of the grayscale
image in the phualityat locabseaments,andae ayRIags HACIRRt Maranesl aldhagmyseale image in
the plurality of moving horizons; calculating the ratio of the gradient variance of the grayscale image in
the plurality of fefaksegmssimtmthenavereg-geddient vadanasmahihe giaisdale imageid the plurality
of moving horizons; and retrieving the measured point corresponding to the maximum ratio as the
tumor contour soggestiog fuinteps dh eaeihtdDEretiening A thenmn eortuinmgpdemented in an
image processing system that includes a memory storing a grayscale image, a display screen, an
input device afdEadrocesssicaererIAGTSRIE énbadirasatasfaipatiessmirtbergianysaatenter of gravity
of the input tumor contour is retrieved and a plurality of contrast reference segments is defined.

Besides, each 58388 JRurity Breshbatlrertimsse seiirame SasnesForraliselatnerBethe gravity to

of the correspo{g ng refer{Ence segerents, respectively. M(ifr?eover, the tumar contour_ suggestion

point can be ré By LEBREAS &%‘&ﬂf‘?@l Qi ESSHaJHRE S b L PRERIEIg gradients of
the graysgcale i in t urality of,reference segments and.an avera radient of the grayscale
TG o el S SRR, e

. . N ar average
image in th ality Of COMrast feference Segments ca g

aradients of the geaysea agen e AP ALEE Ese SEUNN B AN AN LA graciontof the

t
grayscale image in thé plurality of contrast refefence segments; and-retrieving easured point
corresponding dg-tagBaxinp e eiferanss amthertoor CONRIY SHISeSIRRRPM oo stiliha Method of
retrieving a tumor contour implemented in an image processing system that incluges a memory storing
a grayscale impggta 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 complisingnthe siepsiaftanberthessiae neethohr tentaainsugfedtiahgpoints before,
taking one of the plurality of measured points on the first reference segment as a first point, or when
there is ohe tuMERBTRORESHGFEs tlon IsbinelRForEmatnG S kEstivmdnesamUnsadyesion point on
one of the plurality of reference segments as the first point; taking one of the plurality of measured
points on the BFSTESTES WagGhas aCSRPHAME IR SR RitrwhirR e HERBArBENSSInt on the next
reference segment, ha\éggq the. minimum gis ancz%etween th% %?t point and the second point as the

tumor contour SORGEEHIEEoR B RAE FeREHRFErdACERBSTHE OF 1 PIHEHISY Bf FREASURTS a tumor
contour implemented in an irage processing system thatincludes a memory storing a grayscale
image, a displz?f/3 g%%segﬁ,%gﬁ r%%utrgée\:}]%%cé’nsg %K%ngzg’és%r%l lésgé%?g}ﬁgofo‘grﬁeo%@eé?n odiment of the

present inventigp, the &BBSELPO%%%ESWQQ‘E@B% pgg%g&n Bf&\{/ frieveddn seguence by a.gradient

EWMA difference retrieving method comprising the steps of: n there are no tumor contour

suggestiom poigits hefore, HRNIRNEHRS piuiRlitefmeasuradReiis eodthe-dishieicrence segment as a
reference list; or when there is one tumor contour suggestion point before, taking all of the previous
tumor contour sugge silkmpaints EStthepiataiancellistpordidingians WA weightingdermula;
determining the weighting factor of the EWMA weighting formula and receiving the EWMA value of the
reference list seghmegagiemtseobydaysoateandagsrof eaghtbé theeseest e poiat sher trectumor contour
suggestion points in the reference list; using the EWMA value of the reference list and the gradients of
grayscale imageferaueh sEmeplukaipaf e seuvedyointsion eheaexeraféhenbessaynignt as the input
variables of the EWMA weighting formula; defining the output of the EWMA weighting formula as the
EWMA value Gf¥aéheoftRETSIUPRRT GF nfdasHFer peiioBh tHESRMTRBRAES B ElMARETaNd taking the
one of plurality of measured points on the next refergnce 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 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 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 as a
firet noint and nne nf the nhiiralitns of Mmeaciired nointe nn the cerond refaeranrcre ceaomaent ac a ecernnd



FIG. 1 is combination of schematic views of the process for retrieving contour of airplanes according to
Snake algorithm. FIG. 2 is a system configuration diagram according to a preferred example of the
present invention. FIG. 3 is a schematic diagram for showing a tumor contour retrieving method
according to a preferred example of the present invention. FIG. 4 is a flowchart of the method for
retrieving a tumor contour of an image processing system according to the first embodiment of the
present invention. FIG. 5 is a flowchart displaying the moving variance retrieving method for
retrieving the tun%or contour %,uggestion point. FIG. 6 is a schematic view for showing the local

segments andlfﬁéﬂf%%(\;/?r%oh%ﬁzons according to Example 1 of the present invention. FIG. 7isa

line chart for showing wgﬁ%ﬁg@Eg%%igﬁyméﬁﬁ{%ﬂgg%ﬁ%%@%ir%%{r?g&i yariances of all

points on the reference segment according to e presentin G.8isa

gradient cross-pgieliopabiient chesayRsaisdmadss ot dhesmordram he gravitcentes of the tumor to

the outer crosspoint on the reference segment. FIG. 9 is a flowchart displaying the contrast
retrieving methadfentetbeuing thadiemar DORTAUSITHEERsHORRRIVIng m btk dLedmprigwehart
displaying the distance retrieving method for retrieving the tumor contour suggestion point. FIG. 11
is a flowchart displateipg tie giadieth\dvtAdifferencedsitievingmettitshforoigiievitgre tumor
contour suggestion point. FIG. 12 is a flowchart displaying the angle retrieving method for
retrieving the tiwkitrEontovir Blyghstion perrured paEi®: 43 beafitswcfarent ¢hre gnathodsfor retrieving a
tumor contour 10 of an image processing system according to the second embodiment of the present
invention. DETATEEFIESCR A TTEN SErFHEPREFER REDENBERIMEN Point iFiase refer to
FIGs. 2 and 3. F|G. 2]%&1%%/ a system configuration diagram for illustrating a method for retrieving a
tumor contour 8 i 5%8 BroCS YR S E AT o R B PpPaBT et dR& i B €Re present

invention. FIG. 3ti_s a schematic di for srﬁ?wing method, for retrievin%@ tumo[j
[

image processﬁ‘?g’s%?g Hecdd prete %ﬂ‘%é%‘f Cor IR TTREREHE erifa!

10 factor of the EWMA weighting formula and receiving the EWMA value of

contour for an

ung

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



As shown in FIG. 2, the image processing system 1 includes a 20 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
predeteimined line segment 112. Herein, the unprocessed image 111 means an ultrasound image
without being processed by the method for retrieving a tumor contour according to the present
invention, and can be input through the 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 flowchatrt of the method for r tg(eeyci)gg gtfjarglor contour of an ima%%e rocessing system

according to e B RFt %%%%8%%1%%&)%% € present mvten o The methodTor réﬁ?e\ﬁﬁlgnd tumor contour

for an image piogessina Ysiamyibatinclides s MEMAnCAYiA grasenle inage Anda processor

according to the odiment o présent invention comprises: Step SA: receiving an input

tumor contour gfdhe-grayscaleimans; 404 SiPc3Bh H8ininga WMAELAMOLLGRRYIA fRgion and a

plurality of referehce segments of the grayscale image, wheréin the input tumor contour is in the tumor

contour annulajeteaione firdrRackeghibatphdrality@inefergnecesesmants igacsassthedigmor contour
annular region and includes a plurality of measured points; 15Step SC: retrieving a tumor contour

suggestiors poishimowastcebtep|pality o fefetrcéasegmentscandur siStepsBin lddny all the rumor
contour suggestion points on all of the reference segments, for forming the tumor contour. First, in
Step SA, an ingafitunpticontour Toobsistig et Piomitaput B osntbedpvints@t fhiput on an
unprocessed image 111. A user or a doctor can input the input tumor contour 2 by roughly rather than
accurately hantH8eawing heliingér Beniot Pein b ARt Brecditb R P8 (HEsERRd by LI

consists of input contqur points 21, in which the number of the input con_tourﬁpoint&':,1 2% is represented
byn,=1,2,, rﬁqggestlon 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
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E N)_: In addition, the jth input contour point 21 of the ith input tumor contour 2 is represented by Plii = (
X PliY P.I XN Pii2 , |1, 2, ..., niN). 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

CONO&«'&#%MQG 5‘&'“%80%8351@“@4}%@&&&1@”%%&@%% phucality of reforence segments is
across the tumor contour annular region and includes a plurality of measured points. For instance, a
gravityigehter3 st thefinfgliauironresntoan Ras FetAOVEE Thsteifi the §fatit I0EéteF SBF B ith input

tumor_contaur (1.g,the grayity, caatar 3 of all PIO is represented by B,, as shown in the foimula (1-1).
B= ..(1-1) Next, the gravity center 3 and each input contour point 21 are linked_individually

through an eXterrlelieyana héreby PRFANR e REE RRe SRS WEfiAGw T BSefer8ndd segment
41 confaining its.CONEespon ingé’@@geq@nt%ggintgrl@lﬁgtéigvegtfro%myﬁ;of thephurarefaerence

lines 4 (Sfep SB). In detail, the reference segment 41 is determined from each of the reference lines 4
by defitiRigRa Preddi@afified e SEHFRRI125TRE direddns t6WHTds &R Aw8y T th*gravity

centey, 3 ithsrespect 9 thg HRWEoNtUr peins24eas a basisanirinThe predetermingd daesegment
112 deternines me Iengih of e feference seament A A dectl AMecte g Alossssgiige and
accurqgyention, eac P a Yy seqg
a plurality of local segments and each of the plurality of local
segments includes a plurality of moving horizons, wherein each
of the plurality of local segments consists of one of the
plurality of measured points, at least one measured point before
and at least one measured point after the one of the plurality
of measured points. 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



In other words, the input contour point 21 is taken as a basis point, and the predetermined line
segment 112 is used as a radius being a specific physical distance from the input contour point 21.
The predeteimined line segment 112 is represented by r (r e N). BiPiii is a line that links the gravity

center.3 and the jth.input t int 2 ith | 0 ~Lhe jth input
o5 S eEe SO o R oM e o o e s oo

then a circle with a specificradius e predetermined line
segménttlzy) earbedornsed. Tirudircfeand thexlive Binfjepesssaivo poimter 8a BaitFerésspoint Ol

= (X O, Ui nand ag nngs crosspointdl G The iefetence asgmety 41.couesponing fa.the jih
input T5contour point 21 of the'ith input tumor contour 2 is the line O1l1, containing the measured
pointsi2®etwHitinthie remaleris au SThafthréfsrencedind ségniehtd2ld the lié BIPMeremtau, h E

N andaQ 2etl.. sodhien. In Ser3G 4 dymorcontgrsuggestion point 441 is retrevad tigm each

reference segment 41: At final, by linking all the tumor contour suggestion points on all of the
referepea sEaffents 2REXGMOF coRRIIGS HHfus PHReA(Ste 5D}, EX&RpIEISTL fiTthi€ Exakipie, the

step %Qg@ih%;nethgg, for retrieving.@, tumq&@%&{%@age Procassingsyster thatineludes a
memary storing a grayscale image and a processor according to the first embodiment of the 10
preseRERVBATGH $R& tumor contour suggestion point on each of the plurality of reference segments

can be retrieygd by-perroving varianesEstrieving, method. AshoveiBFIGpsdthe mewng vadance

retrieving method comprises the steps of:
retrieved by a contrast retrieving method comprising the steps
of: calculating gradients of the grayscale 1image in the
plurality of reference segments and an average gradient of the
grayscale image in the plurality of contrast reference segments;
calculating the differences between the gradients of the
grayscale image in the plurality of reference segments and an
average gradient of the grayscale image in the plurality of
contrast reference segments; and retrieving the measured point
corresponding to the maximum difference as the 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 peints 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



calculating a gradient variance of the grayscale image in the 15 plurality of local segments and an
average gradient variance of the grayscale image in the plurality of moving horizons; calculating
the ratio of the gradient variance of the grayscale image in the plurality of local segments to the

average dradhery yananee,af i grayecaje fuage i the phualiteal maing-onzong AN Aetrieving
the measured point corresponding to the maximum ra io aslthe tumor contour suggestion point.
Moreswsmirthe above-Arptiofed midving varante ratevingIméthed iertidiafe PRiality of

reference sgamentsdacludes a plwality.of logal segmentsand sach of the plusality obJecaksggments

includes a plurality of moving horizons, wherein each of the plurality of local segments consists of one
of thetlaralify sEmedsaiatt pofits! atlBgst 65 RiEhsured Boint deforednd arkast ofeHeASured

point aftgrthe.one of fhe plurglity.efamgasuredpaints,Besides rach of the plurality of moving 5
horizons consists of one of thefflurality of measured points in the corresponding local segment and at

least one medsuPedBGRPEMSITthE VREIGTHAB PlRallty BP eSS FoiRtEr L SMrRthRCexdm BB, moving
variancg-igapplied te-qlserye the walug varigpee ofitheientice region gausad by theovalug vadance

around a partial 10 segment of the entire region. Moving variance applied in the present invention is a

primaBf HAe%F feattRRIThrodgh AR Variahce Sifplied i the iRt Exaripiel B ti#ist céhtour
suggestignoint:can he-dicsetiyraptained frigpvtheseferener segmast 4bby algesithrp\htbrreference
to FIGs. 3 and 5, each reference segment 41 contains 15 a plurality of measyred points,22, adplurality
of locAFSEhdRE and BSIdrHig of ARG For2BAS SR TAE re@@ﬁ%‘&aﬁ?ﬂeﬁ?ﬁe gﬁ%’ nieastred
points; MeagRjuahdragepixel peiptsi Lach oftheplusl fbeatsegreniscarisistsrof oneeafibe plural
measured points 22, the former one or more easure%l[points 22BEl and the latter one or more rmeasured
point<SI A GR0 HEpIuR FH&VinG horiz8hE BondiSE oF ond 't thé'Blural thidssured point 22 and
the latielere: of Moregneasyehpoints 22 inthengrrespondifg pllraldadal segnients:akhat4s] in the
case that the number of points in the fgémerllatter segment with r%sp%(e:tftgrAé/HK- on.the reference

segmBAAT {.e “Oiilfip'§ is bt he sEGmeht eomtaining (2 xp+ L image pixe points i taléd & Tocal

segmeiz Sincesaachipointren themreference: segmentdk bas arogal segnientdhe numbec ofg

e O ErITie-ottiRgL de sedakio Labgkie/eg! sRomens: Reoarn
reference list; providing an EWMA weighting formula; determining
the weighting factor 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



5 number of A/ijk in‘the local segment plus the latter points is g, since the local segment contains (2 x
p+1) image pixel points, there are (2 x p+1-(g-1) = 2xp-g+2) horizons. Herein, each horizon containing
g image pixel points is called a moving horizon. However, the method for retrieving a tumor contour

suggestiogméd% point 411 accarding fq Example 1 of t%g@gﬂynvg@tior&sa%g’quut asdellows.
|

First,n%ﬁé1 gradient variances of the grayscale images’in the plural local segments and the average
gradieteraiahceasidhe fheyscBi@nageslinghe pliearRadvingHorizbhs ard FEspectiféliealtilated.

Then,, %@EQ%&H gadient verances of the.rayscale images,in the plural local segments 15 to

the average gradient variance of the grayscale images in the plural moving horizons are respectively
calculated. Sbsequetithpdhe incebEEFoME 22 coHBSFOIRIY {3 the ITMRURTIFR F&G iSHeftfeved as a

tumor, ganfaur syggestion point 411 inthe gase of he-imagespixel valuasathe kiplecaksegment on
the 20 reference segment 41 ( Gru;l_i/) being Gijk..p, the gradient variance of the grayscale image in

the loBaPSEGRSR is FBFERentcd b RERR ANk SGERFIBUK P iikpIPHE NIEBiice theT5talZegment
containing the-formeg and Jajtar points with tagnsst ieAm Bay bieheyoaddhe rangeitheseference

segment 41 (i.e. Oliillij ), extended auxiliary points, before and after the_ original reference segment 41,

shoulie fEHREE 6 236 WhsENadRE GtateMHanEEBf thE gFSiscaft gt of S POINE in the

local ggomant. indetail, withreference taftGol, Sdbareris @ sehematic view ie show:thedesal
segments and the moving horizons according to Example 1 of the ggaent inveniion.tThe squares with

contirfBRBINBE T hedStired PoifE 52 BnAREF&fErEh R Egment 297 &nd the“Stuares with dashed

lines meapdhe extendad-auxtiaryReiris, In addition rihe redsquare frame isAlR-paibt, theaéd
rectangular frame is a 10 local segment correspanding to Aliik point an% the t%rlarclé%ts are rEr%oving
horiz 2 RS HRPITTIS. BinthE chsB DY K255 &% Snd GI75 The T6cat segment Eotésdonding to
the segemnd measuesd peint ondhereferegce segmesd contains (Rxidit=s 9) @ointshand £43+2% 7)
moving horizons. In the case of the imaggcpriléil values in the %tge@ovtj’g}% h(e)rizon an %5'[@8;1%8%3'

segmeRtBaiRg SikSETT Tk-p30, i Proract, fieptgiq-35 the gradient variance of the grayscale

image-isribeupovingiherzoniistepresented bypbREVIKS (RMek, =hagy[Giik wrorl |-ikquHegpUEY-21).

The 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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average gradient variance of the grayscale images in the moving horizons is represented by RIVuk ,
as shown in the foiula (1-2). 2xp-q2 R1\4ijkg g=1 202xp-q2 (1-2) Herein, g, g E N. In order to
allow a local segment to have two or more moving horizons, q 2 xp-1 Moreover, the moving variance

of AL0, on thefieasures g ARMILLIS defined.as das atig oh Rho (e rddienauianze offae
grayscale image In the

: ( e local segment corresponding to A14) to RM- ok (the average gradient variance
of theigragsdaleimagdslinkire amsyireoiGrizens of 8- loéalse g frieht) Erebkesertad B¢ WAt keds shown

intheé@@@@fﬁ&f@nﬁ”@ﬂ%ﬁ (e3ken  in conjunction with the accompanying

drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is combinatioh of schematic views of the process for
retrieving contour of airplanes according to Snake algorithm.

FIG. 2 is a system configuration diagram according to a
preferred example of the present invention.

FIG. 3 1is a schematic diagram for showing a tumor contour
retrieving method according to a preferred example of the
present invention.

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

FIG. 5 isg a flowchart displaying the moving variance
retrieving method for retrieving the tumor contour suggestion
point.

FIG. 6 is a schematic 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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10Herein, 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 1 and FIG. 7. Table 1 15 shows the gradients of the grayscale images and moving variances of
points on the reference segment according to Example 1 of the present invention, in which the
parameters p and q are set as 5 and 2, respectively. In Table 1, the serial number k of each measured
point 22 is shown in ti?étéir t column, trhe radient Gijk of the grayscale image of ea &measured point
22 is shown 20 in the'seto d%%@%‘ﬁ,c ﬁ% @f@ﬂ%&%@hﬂﬁﬁ?ﬂ%&d’%ﬁ‘ﬁg f?%‘fﬁ&% % the third
column. FIG. Z‘e'éia line %k]léa t gﬁ%@laxlrﬂ% tp%]%rggg 1nts of.the grayscale images and corresponding

. , 11 POITIL. .
moving variances or'4F points on the reteren seé)mgn according to Example 1 of the present

nvention. Herein, thegiee 1ptdhergiadients f0Uhe ala¥RealRiBRAGs @A e ddgt he moving

variances can indicate that various gradients of graysScale images produce Various moving variances
due to surroundipg.vaiianeaumoMemuhilg:siibiisferense to FIG. 8, there is a gradient
cross-sectional view of grayscale images of the tumor from the gravity center of the tumor to the outer
crosspoing on the refefegce segmefibwiehiein dléhiheitinethss hondsahe Hivasientsi fitthagrayscale
images, the line b shows the average gradient of the grayscale images of the reference segment 41,
and the line ¢ showsitizenastrad) éogrediertiobthie grayscalenimag esagettonafershee line segment 42.
FIG. 8 indicates that the average gradient of the grayscale images of the reference segment 41 is
smaller than that of tHel§5 ii&eiﬁeﬁc%QWé@é@ﬁﬁéPﬂm/\ﬁh@ 10N TEERBYERICHMBOtIPIG. 7, the three
locations where the gradient variances of the grayscale images are larger on the reference segment
41 are circled TR S FURCRERANE W aTHESE8E Cfh8%BEh point according to the circle 1 is the

largest, the 11th point g Jarger. than the 8th paint, and the, 1.7th point is the smallest. 20Additionally,
reg?arding the gra%ien sgibgcﬁ %‘F’\?&ngm OI?T%&&?%FM&%MBWS&O{P%S@WW centyer of
the tumor to the.quter crosspoint on the referen € F1G.8), 1 that the values
from the {7(§h pgi%%]f‘cf ’i‘%%g%é%g"ﬁ%?ﬁ%%%es% gl\%n% f:nggr%g%%e %&%%%%%r%%ﬁg%%%ﬁé%ﬁ%average
gradient of thip%ggﬁ{: edmages of the 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 giciend|is larpas Jrermeviog erfameerapRerHing feEthergirele) Bisdewer than those
according to the circles 1 and 3 due to the 5 gradients of the surrounding images. Based on moving
variances, the best sugjgestiesfppit BIibelrafetendd Segntoiis theyith point ghantibe 11th point,

the 8th point and the 17th point. k 1
diagram for illustrating a method for retrieving a tumor contour for an

15 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

20 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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10

I3

20

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

Please refer to FIG. 4, which is a flowchart of the method for
retrieving a tumor contour of an image processing system according to the
first embodiment of the present 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;

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;

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
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



k 67 8910 Gil 9393 88 78 64 MViik 8.58621411.91848 13.55545 12.59645 17.43012 k 11 1213

€ 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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14 15 k 50 5256 65 62 MViik 14.88913 10.878866.907269 4.268695 4.830066 k 16 17 1819

directions towards and away from the gravity center 3 with respect to the
input contour point 21 as a basis point. The predetermined line segment 112
determines the length of the reference segment 41 and directly affects the

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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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 av e rag'ent the grayscale image in the plurality, of contrast reference
segments; calculm%’tﬁg #ﬁgr C@stgé}%e%o %ﬁgrg%%%ﬁ X0 Qﬁgléﬁa%{sé%rg%eggeé in the plurality
of reference s%%r&eé]atgha c%qun%\éegggl%&{?gilent of the 10 grayscale image in the plurality of contrast
reference segments; an '

At final, by linking all the tumor contour suggestion points on all of

the reference segments, the tumor contour is thus formed (Step SD).

Fxampiel
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



retrieving the measured point corresponding to the maximum difference as the tumor contour
suggestion point. Moreover, in the above-mentioned contrast retrieving method, a center of gravity
of the input tumor contour is retrieved and a plurality of 15 contrast reference 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 variaRc&’ Eﬁeﬁ&?&%@n@&g@%mﬁh@%gh@ﬁg‘hﬁ té?ﬁopmrﬂfgyprﬁgagﬂ%aﬂ)oundary and

the region arougdﬁgetg%urﬁgasr (l)r% %%git(i)(%ncﬁg ﬂ!ﬁrlol -e%(ljgo enic ri in.tr%e ultltfaso(imd image caused
by spongy infIAFRMAton due to compression ARG THHTraton betneanRa t 3 gha 8ues around the

t . Th , Inei f f yisi | h
Dot 2 g A T s o e LSRNVl ContraLs ApBIaR et Bragant ention s &

ire r ontrast app e present invention is a

primary index of featyress Hheauah dhesanirast method 2-applieginihe sa500d example of the present

invention, the tumor ¢ontour suggestion point can be directly obtained from the reference segment 41
by algorithm Wik zeferepsesiok168. shand 9 thachiietdiencersegent=4l somaingma plurality of

measured points 22, and each of the plural reference lines 4 10 contains a reference line segment 42.
The referenceclime=spomien 4d4dsi frepnthet guavity bentenZtataeed pbithe dfteréncersegment 41
closer to the
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
in 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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gravity center 3. However, the method for retrieving the tumor contour suggestion point 411 according
to Example 2 of the present invention is carried out as follows. First, the gradients of the grayscale
images of the 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 2 corresggonding to the maximum difference is retrieved as a

tumor contour8GgEREREHPERRBLIHidreliPthe aliEe BFSEIPRBINE oFalstafe IRRRes in the
reference line SEAMEN" S5 Saddd' dIRIRRI B NP Y koM B M'focal 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

22



1=1 ift h (2-1) In addition, the contrast of the point Aiiikon 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,

may be beyond the range of the reference segment 41 (i.e. Olijﬂij 1,

extended auxiliary points, before and after the original reference segment

41, should be formed so as to observe the gradient variance of the grayscale

images of all points in the local segment. In detail, with reference to FIG. 6,

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 kT 2Xxp—q+



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 points on the
reference segment according to Example 2 of the present invention, in 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 ima e&eaoh measured point 22 is shown in the second column, and
Cuk of each measured §&ift 22%%h Wnlih RESTHIRL LN AP RS SRR Y FHE AP S e 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 koWt e %fm-z%%‘?nf]iﬁt e %?éiest, the 12th point is larger than the 13th point and the

16th point is the smalgétrgigvt&e ngilﬁ{)%ar q%.lgﬁggsgfr?{%% 10, F 167 1Rdether with Tiable 2. Although

the 5th point in the cir presents the est 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 in the

circle 2 is close(}¢ thg av ar i Ft £ e.grays lei es.] dtiréﬁgqlf ence I&peﬂ%p segment
Thereby, the c@ntrgst 5?)&% é%hlpﬁt gr: fﬁe%ric%e g i%%‘e? tﬁaréliﬁose at t%le %th point in the red
circle 1 and the 16th point in the circle 3. Based on contrast, the best suggestion point on the
reference segment 41 is the 11th point than the 12th point, the 13th point and the-16th-point.
5 grayscale image in the local segment corresponding to Alijk) 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

10 - 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

15 shows the gradients of the grayscale images and moving variances of points

on the reference segment according to Example 1 of the present invention,

in which the parameters p and g are set as 5 and 2, respectively. In Table 1,

the serial number & 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

20 inthe 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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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
suggestion point on the reference segment is the 10% point than the 11"
point, the 8" point and the 17* point.

k 1 2 3 4 5
ik 77 _ 79 78 79 94
MV | 4.996216 | 5431265 5.72553 4.359829 | 5.065877
Kk 6 7 8 9 10
Giix 93 93 88 78 64
MV, | 8.586214 | 11.91848 | 13.55545 | 12.59645 | 1743012
k 11 12 | 13 14 15
Gk 50 52 56 65 62
MV | 14.88913 | 10.87886 | 6.907269 | 4.268695 | 4.830066 |
k 16 17 18 19
MV | 11.60418 13.1099 7.002381 6.10648 ;
Table 1
16 Example 2

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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present invention, 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:

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

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

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

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

In this example of the pfesent invention, the contrast principle is
applied to assign the location of a tumor from an ultrasound image through
naked eyes. Based on the center of the tumor, the tumor boundary can be
discriminated through the 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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between the tumor and tissues around the tumor. Thereby, the contrast
principle refers to that the degree of visional difference between each point
in arange and the desired region is observed. Contrast applied in the present
invention is a primary index of features. Through the contrast method
applied in the second example of the present invention, the tumor contour
suggestion point can be directly obtained from the reference segment 41 by
algorithm.

With reference to FIGs. 3 and 9, each reference segment 41 contains
a plurality of measured points 22, and each of the plural reference lines 4
contains a reference line segment 42, The reference line segment 42 is from
the gravity center 3 to the 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 Exampie 2 of the present invention 1s

carried out as follows. First, the gradients of the grayscale images of the

- plural measured points 22 and the average gradient of the grayscale images

in the reference 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
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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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 };’5 rﬁfgr(lggit:j-:: 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 fh@ measured point on the next reference segment,
having 5 the minimum distance between the fif§{ point and the second point as the tumor contour
suggestion point on the next reference point. In thi Xﬁ[nple, the distance is used as the main

consideration wherein the distaﬁ"b'e'[vveen tw? gtggestion points respectively selected from two
reference segments 41 are consigered. IF-detart; 10 suggestion point is selected from
the former reference segment 41, the distances frorﬁzthe former suggestiqg_@(})int to each measured
point selected from the later reference segment 41 aréiconsidered.. The physical meaning of the

aforesaid is that the distance from the later suggestion point to the former suggestion point should be
shorter than that of other measured points to the former srlfgg’estion point. The distance used in the

present invention is al ASHIARRITHE £ ORESHREEFPOIRE Wakd¥! HfoRGET SRt ESHR Hoint requires to
be indicated, and algorithm is performe retrieve a later suggestion dat int selected
from the Iater?éfedzﬂeéﬁs'febr?‘rqeﬁieﬁ?%\fi\?itﬁ{lfeﬁgré%ﬁ%nﬁ? Fﬁé@v %e?;\nﬁ{ Ogrgfﬂﬁgf 8%5 on the method

of moving,variance described in Example 1, at least one initial suggestion pgint 411 is retrieved from
the contoar. Tﬁ@{sﬁ?z%nﬁﬁﬁ%eugogeg?réﬁ 8&%%4931%‘.53‘&%%%"35& ?e%%gi?}%%pp@inﬁf );\no aabl%int retrieved
from the reference line 4 and nearest to the initial suggestion point 411 with a minimum linear

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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distance, is used as a subsequent suggestion point. Other suggestion points are retrieved from other
reference segments in the abovementioned manner Besides, the distant of the point Alijk on the
reference segment 41 (0111,,,) is defined as the physical distance (Dijk) from the measured point 5
22 to the initial suggestion point 411. The relation of the abovementioned parameters is shown as the
following foimula 3-1. D= Ni(XPS-. (foimula 3-1) Since the measured point 22 on the first reference
segment 41 has no foiflier 10 reference point for calculation, j is 2 or more. As Dip- decreases, the

possibility of the Qint be the desirable s, stl ?%/OftL ing description
explains the eic'f%(g}m}flthe %%Ygﬁ%%ez% X tg‘ﬁ% |%p gg)%lnve ere %It‘%ﬁ 8%\:eference to the

following Table 3, Table 3 shows the conversion from the image coordlnate of each point on the
reference segment of th BSﬂnt r?p@g‘—)j toat sfance, where the coordinates of the initial
suggestion po?ﬁgmet% gé IS @2 irst row of Table 3, k is the number of each
measured point 22 or., on the reference segment-11 . The second and third rows show the coordinate
( XAL) kAley+lk ) of eagheongasiite @@HﬂﬁT&hYﬂ@rﬂo&eﬂ&ﬂmdwurthetﬂtheshd)%pm&@rresponding
Dij-Fik of each measured point 22. In Table 3, the correspondlng suggestlon point is the initial
suggestion pothe 38¢Bsk] (2372T8)ion ithkareterdacatinéd” point and the 16® point is the

5  smallest, in the term of contrast. Please refer to F1G. 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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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 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 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 reference segments, Dijk is supposed to

affect the r ing-two-reference-segment i t ti Mts Closect h other are
etreved. m9977197g o ?qng ) YLZ“ Ill-|l:l-lll.(llb twos QQEDLIﬂI pUIIIL’b (,IUbeDLU €ac
Gipe 77 79 78 79 94
Ciii 0.4 1.6 0.6 1.6 16.6
K 6 7 3 9 10
Giye 03 93 88 78 64
k 11 12 13 14 15
Giik 50 52 56 65 62
Cir | 27.4 254 214 , 124 154
k 16 17 . 18 19
Giie 60 65 67 69
Ciix 17.4 124 106.4 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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taking a last tumor contour suggestion point on one of the plurality of
reference segments as the first point; taking one of the plurality of measured
points on the next reference segment as a second point; and

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

In this example, the distance is used as the main consideration
wherein the distance between two suggestion points respectively selected
from two reference segments 41 are considered. In detail, after a former
suggestion point is selected from the former reference segment 41, the
distances from the former suggestion point to each measured point selected
from the later reference segment 41 are considered. The physical meaning
of the aforesaid 1s that the distance from the later suggestion point to the
former suggestion point should be shorter than that of other measured
points to the 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.

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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235 236 YAI,J+1,, 194 194 193193 193 DiHk 5'099 4.123 3.0002.000 1.000 Table 3 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:

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

Besides, the distant of the point Alj; on the reference segment 41

(OI,11,) is defined as the physical distance (Dyy) from the measured point
5 22 to the initial suggestion point 411. The relation of the abovementioned

parameters is shown as the following formula 3-1.

D= \J/(xpsé,.,ﬁl — Xar, )2 - (yPSij_} — Var, i
...... (formula 3-1)
Since the measured point 22 on the first reference segment 41 has no former
10 reference point for calculation, j is 2 or more. As Dij;c 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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10when 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; 15providing an EWMA weighting formula; determining the weighting factor of the EWMA weighting
foaula 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; 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 reference segment as the i%u riables of the EWMA weighting formula; defining
e

the output of thesEWMA weighting farpuia, as NIV Ve O eReh el tenlyraliteof measured

points on the next refefence segment; and taking the one of plurality of measured points on the
next referencessegenentn Nawngsthedpimumedifierence betwean e gratigntef grayseale image
thereof and the EWMA value thereof, as the tumor contour 5 suggestion point on the next reference
segment. o ais, Brantplthdheigradiend expérnentiallydeeighted moving average difference (gradient
EWMA difference) between the grayscale images is used as the main consideration. EWMA is a
statistic of a moving atersgerwithsmemdry, dred dssweighedibased am thedihportanize: ofthe 10
historical data valued by the programmer. Therefore, older historical data may be placed with more or
less impoftandediyrBwWMAthet deail ressleonterstiisaizonsigeeimgraditgdE M APférence between
the grayscale images of the neighboring two suggestion points. The physical meaning of the aforesaid
description is HAMAE@AYRHEENA ehrsadiBan figianse o8 epalJeeistiftadRs bitthe former and
later suggestion points should be less than that between the grayscale images of other measured
points and the’ W@F%u@e&%ﬁ%%ﬁn .%H%SB?E\& AEERAR %%?éﬁecresbl éﬁﬂ%@%’?&yscale images

aleo belongs an audlary ey, o 1981g3.In RGO dR, ACQVIEL SHOBE SRR R gguires o be

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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20 algorithm is performed to retrieve 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 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, 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-measdred-peints22-and-the-EWMA-of-at-least-ene-nitial- suggestion-poinrt-41t are
calculated) Th& mirimal difference is chaken, and the o%rrpspo ding Mieasured pnims?? is.retrieved as
a suggestiog-point #11. @fhér suggestiddPoints|are ré@iBved from ot 10 referentdlsegments in the
abovementiorEg-manner. Basically, the EWMA of the point Aliik on the reference segment 41 () is
defined asthe weight-interpolated value (Zuk), which is obtained from the gradient of the grayscale
image of the measured paijir 22 andth MA'0 the;igimer SUggesfigh point. IheI?)iVMA of the 15
reference S@@Hﬁ[}tk 04//e., obtained from the aforesaid method for retrieving tf;e foi tiler suggestion
point is regresefited by Zui. The relation of the abovementioned variants is shown as the following
formula 4-] Giik(14\) 41,4 , 0<kr-H. 1(formula 4-1) Since the measured point on the first
reference seBpgnt haslib4dfimer|20 réidRMce point fo246lculdtion, 7Zd&(s equal t6.88and G.  The
following formula illustrates that the weighting adjustment of the EWMA will affect the importance of
the historigat dgta. ZyiA bgk+U-/—\ b+(1-,7\ TTAGU, A ‘%ij 9 10
x 232 233 234 235 236
Al
i+ik
164 194 193 193 193
Yl
D 5.099 4,123 3.000 2.000 1.000
k 11 12 13 14 13
237 238 239 240 241
A-‘Tijﬂk
192 192 192 191 191
_ yAIszk
Dy 1.000 1.414 } 2.236 3.606 4.472
k 16 17 18 19
- 242 243 244 245
AI{‘HU{
¥y 191 190 190 190
Alyiag
Dy 5.385 6.708 7.616 8.544

Table 3

35



Gij +A (1-A)Gu +A (1-A)2Girz, ...+A (1A1-)G12+ (1-A yG1, f -2 2(1- 2)2 Gi(ji_z) + (1-f Gil 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 = =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 the
grayscale images 15 means that the gradient EW1VIA difference of the point Al* is on the reference
segment 41 (ﬁ/éjé/\%&’&é d itis defined as the difference (Eiji() between the gradient of the grayscale
image and the (Zijk) of the point Aiijk. E ijk G ijk Z . As Few; decreases, the possibility of  the

point to be the desiraBle:guogestian iR HePaees rSinca b seps regi2RRointam e first

reference segment has no former reference point for calculation, j is 2 or moré. The following

description exglaisitherefieckribbewadiant EWMAMAdifierencrigt ihe aravsealeurages applied in the
present invention by actual data. Wlth reference to the following Table 4, Table 4 shows the 5
conversiofi fropaihe siecntinatesmadl £acboesiot (iedbedimage)the et 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:

10 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;

15 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;

20 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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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,)_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,
17, and 18 show the mi%igium gradient EWMA difference of 15 the grayscale images, and the

following are tﬁ%ng‘*rH%é

10

20

and 19 inorder. k1234 5 Gu+ik 77

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 based on the importance of the
historical data valued by the programmer. Therefore, older historical data
may be placed with more or less importance by EWMA. In 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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=h Gmﬁ“(l-)\ )[)\ Gﬁ’-1+(1')\ )Zij’—2}

=N Gyrh (1-A )Gyt h (1-A VGt th (1-A WG+
(1“)\ )j’Gil

-z |
AGy+ 0 AMI=2Y'G, o, +(1-2) G,
= z=1

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
be shown as Zux = 0.9Git0.09G+0.009Gy+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

means that the gradient EWMA difference of the point ALy 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

point on the first reference segment has no former reference point for
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14 15 |k 53 50 52 61 65 Eif+ik 2.2 2.8 2.4 0.6 0.2 16

10

15

calculation, j is 2 or more,

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

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

. Of. Il
point on the reference segment ~ 7" ¥*1 | The second row shows the

gradient (G 1) of the grayscale image of each measure point. The third

row shows the corresponding F;.1z of each measure point. In Table 4, the

Zy of the suggestion point is the EWMA (ZU' ) of the suggestion point on 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

the grayscale images, and the foliowing are the points 12 and 19 in order.
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17 18 19 Gii+lk 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 -

k 1 2 3 4 5
Gireli 77 81 79 78 92
Epy | 2.6 3.4 3 2.8 5.6

k | 6 7 8 9 10
Gii 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 63

| Esoip 2.0 2.8 2.4 0.6 0.2
k 16 17 18 19 |
Gl 62 65 05 67
i Eﬁ+1k 04 02 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

16 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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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 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 se% reference segment as a second point; or when there

is one tumor cBhPIERSHGH SIS ISrO M FAST 0T BRI S GBS BRI, Bkfining the

tumor contour s g estion point before the Ia[st tumor coptour suggestion intlasttglemfirst point. and 5
defining the IaSEnBr S5 SuBBGhOTT BEIHE 25 B ST B B afrihg 44B€kor going from
the first point t@o%%@@%%‘%%@sﬂ%aﬁ &{gs@é?g?g{ apd vectors going fo%é%gszg)gg%%&qmt to each of

the plurality of measure ints on*a nekt re ce segment as a plura vectors;

10calculating thegesing valkes pfthe angles ing 16y thsificstvegier apd thepluraligy of second

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

reference segmemtiReing 1ae:enshpottabiiiesasseniovestah casrerPEDNG toie angle having

maximum cosine value, as the tumor contour suggestion point on the second next reference segment.
In this example, the an@énsngsedasdheonainfoansine fatpeinereiththeeretative pasitien of the
neighboring three suggestion points is considered. Since the contour of the tumor belongs a
continuous cufiest veatky.thedoositiors Reigngsuifessrcesisine én ehehdistarst witképoint 20 Aliik on
the reference segment 41) and the third suggestion point, should be as small as possible. In other
words, using \RCIBEERFHIUBREHSOEh BeSine BIreneinenaeRnang| BavEN e SRsefs going from
the first to second suggestion points and those going from the second to third suggestion points
should be smaifé'than the cosine of the included angle between the vectors going from the first to

socond ssetion vl g o3 Sl he S0 gpetn palv ¢ e g o s
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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5 due to cose in quadrants | and IV is positive, the continuity required by the contour of the tumor and
the minor curvature between the neighboring twe 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 perfoi tiled to retrieve a third 10 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 descrjped as follows. First, based on the method of moving
variance descPEPiHiEX ARG Fheich Beasmad ot Ee"s‘ff;dﬂep‘aﬁﬁe&ffl&léé’geﬁg\?%d from the

neighboring two reference segments 41 of the reference line 4 Then, the vector going from the first t
second suggc\aﬁéﬁgﬁeﬁgiﬁ%’, gﬁg{gﬁ%@éﬁ% oM ﬁﬁ% g@%%%nod Sselfé)élesﬁ 7 ets)?h%c}) ﬁ%%%%ég%gured |§oilrr1fs (;)n
the neighbori erenc 41 ar tivel ir, d d vectors. 20
Subsequently, t 6%0%%#1{? §f%?eﬁ igr:S cﬁég%gﬁgggégggge%%%% %%%lﬁgg%goé%%\?éc%riﬁagre \(/:a!culated.
Among the coapgreliigdnlisatangenb et maleaznedsghpaet.atd s eagesponding

measured point 22 on theTheighboring measure line segme eved as a suggestion point 412.

Other suggestipp ROESE B¢ eliisuad Homhatienieisiance seomerisnfhegahenepentioned manner.
Basically, the cosine of the angle of the point AL* on the reference segment 41 ( 010liu ) is defined as

the cosine (Aulymbthreingladethanglel tiecenSi?RS-khard PSwand thetheivhbtata ofij-2ul- The
relationship of 5 the abovementioned parameters is shown as the following formula 5-1. Agk =
(founula 5 - 1 yuggestion 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
10 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
15 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.
20  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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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 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 PSij. is (237,193), and that of the suggestion
point is (236,195?3. In the first row of Table 5, k is the number of each measured point on the reference
segment of,, /i _‘ﬁ%eggg&%q YTt rows show the coordinate (X +2k2k )(in the image) of each
measure point. The fqurth rqw shows the carresponding-Airy2k .of eagh measure point. In Table 5, the
Corresponding sugueLHoICAUY: B8 CHITHET IIENCETIE BOLY aotiButDg (R g variance s
the coordinate, 193), h i u 0N poin f ce line Bi "eh’
obtained by thsegﬁ%%%rfgg\fa gArﬁfgg i t%zq:%%g%@n%%g ?%3%%@%)PA€’%A§§§%§%HT]§%§%{% e 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 tBangléSsalue is xjlAahy:in of 10 features is that the
coordinate (in h%“fﬁ‘?é’g@fﬁ'&%‘i%% 'scre%e?ntea%?d . G%S;Iweirallégon o‘iﬁ]!tzﬁﬂ‘)él sical coordinate
system has many surrounding azimuthal points (3600 azimuthal angles) but one point in an integer
coordinaté sydtensbeascaniy eigistisuarenmeding cintsyierphtidireditiowsnig foptame) Jnltotal. Hence, if the
two reference segments are too close, the 15 azimuthal angle is supposed to be limited by the
influence of theydistance, and thus the vector of the included angle subsequently output probably
becomes accéptable.

(xpsgj_i ~Xps,, )(XA%,‘, —Xp; -.j._ml,) +(Vps Yrs,., )(VAL.k ~Vps,, )

'] i Y

] ] 2 2 I/ 2 2
\/(be' Sy X 5};"-2) +(yP Sy I S22 \/ {lAém —Xp %f’—l) +O;Afifk ~ Ve }"-1)

voreeenoo(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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k12345xAfa 02k?227 228 229 230 231 Y-44,-2k 194 194 194 193

10

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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193 Aiink 0.994 0.992 0.9901.000 1.000 k 6 7 8 9 10 2k 232

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
Alyiop
¥ 193 192 192 192 192
Alop
Ao 1.000 0.949 0.894 0.707 0.000
k 11 12 i3 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
Alyay
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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EWMA difference retrieving method, and the value of all the measured
points on the reference segment retrieved by an angle retrieving method
into value between 0 and 1;

Step C2: determining modulating criteria for each of the
aforementioned retrieving methods; calculating a weighting parameter for
each the measured points on the reference segment, by multiplying product
corresponding to each of the 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
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
weilghting 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 loga} segments inciudes a plurality of
moving horizons; each of the plurality of h.:)cal'segments consists of one of
the plurality of measured points, at least one measured point before and at
least one measured point after the one of the plurality of measured points,
and each of the plurality of moving horizons consists of one of the plurality
of measured points in the corresponding local segment and at least one

measured point after the one of the plurality of measured points; and the
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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 irnage 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 gravscale image in the plurality of mo%/ing horizons; and
retrieving the measured point corresponding to the maximum raﬁo as the
tumor contour suggestion point.

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
value of all the measured points on the reference segment are retrieved by
the contrast retrieving method comprising the steps of: calculating gradients
of the grayscale image in the plurality of reference segments and an average
gradient of the grayscale image in the plurality of contrast reference
segments; calculating the differences between the gradients of the grayscale
image 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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244 245 YAk 190 189 18'9 189 Aii+.2k -0.894 -0.868-0.894 -0.914 Table 5 Please refer to FIG. 13,
which is a flowchart of the method for

the measured points on the reference segment are retrieved in sequence by
the distance retrieving method comprising the steps of: when there are no
tumor contour suggestion points before, taking one of the plurality of

measured points on the first reference segment as a first point, or when there

W

is one fumor 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

10 and the second point as the tumor contour suggestion point on the next
reference point,

In the gradient EWMA difference retrieving method applied in Step

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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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 is in the tumor contour annular region, and each of

the plurality of reference 10 segmentis is across the tumgor co r.annular region and.includes a
plurality of me%@acﬁoﬁﬁ@er% %Sti%eéﬁ?%ff% jfé ﬂ%&ﬁlgt%‘gp&gmg&fé%&ﬂon point on
each of the p'%@ﬁ%{g%%ﬁ%%%&%s&g{ﬂg%w 4 %&%ﬁ%ﬁr &Hﬁuﬁﬁt%‘se -e?%‘%%%‘ﬂ‘&é contour
suggestion points n all 'of the réference segments, forforming the modulated tumor contour.

Besides, in stey el fﬂegggﬁ%ﬁyﬁm%&wm BugreslionBaikPRFaehal higaliall of

reference segments Is obtal ollowing stéps: Step C 1. normalizing the*value of all the

measured pointgionec2hEctpiengeiesnantietisyad-Qy AdnaYind YREanse ieidemieg method, the
value of all the measured points on the reference segment retrieved by a contrast retrieving method,

the value of alkthaenmpabutedspdinispirherdi¢fense segmeantreidevedibyiatistancaletrieving
method, the value of all the measured points on the reference segment retrieved by a gradient
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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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, wherein each of the
products is obtained by multiple the normalized value of the measured point for the number of times
equal to the modulating 10 crgfg‘%of thgEF rresponding, retrieving method, res%ec%&and Step

C3: retrieving HYELEORT e fiS): }gnc&? o tHE’ réferénce segment by
calculating thecgl\éﬁgglgg coogéiggtﬁo#‘?W#Qﬁes%poqé%}&rggﬁ%ﬁ%g@%g&_muItiplying the coordinate
the re t

of each of the measure‘ég&gm SO erence segment with the corresponding 15weighting

parameter. respectivey, Hioweval,in 1he meyied varianso relisvpmmethad apaliecdinstep Cl, each of

the plurality of reference segments includes a plurality of local segménts and each of the plurality of

local segmentgdgeiisiania Plusiplal meyingrhoieenseeashahtifnlwRditywf foral@egments consists
of one of 20 the plurality of measured points, at least one measured point before and at least one

measuredspoirtaftarthenordaf theplittalittatimeasured 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 pbhe ahier theconemfdheqiaratitthof methodie dopoiats cametietymaive of all the
measured points on the reference segment are retrieved by the moving variance retrieving method
comprising thecetpslofcarcamagg Rgeasuneyayriate of the gHersedATHIEGO T ¢Ae BRirality of local

segments and an average gradient variance of the grayscale image in.the pluraljty of
J performe bygcomputer programs. 1. eg soyftware Wrugten for thg met%c?s for

retrieving a tumor contour of an image processing system of the present
10 invention can be stored in 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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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
suggestigpeiat., 0Qnthe other hand, in the contrast variance retrieving method applied in Step C 1,
a center of gravity of the input tumor contour is retrieved and a plurality of contrast reference segments
is defined, each of the plurality of contrast reference segments extends from the center of the gravity
to of the corregptinding reférdnce segmentsorespatiivelydinddherldye aluecofiall theemedsured points
on the refgianee seamesn e eipied by fhscontiashelievng methost cRmpising g sieps of:

r r n

calculating gradients of the grayscalée image 117 the plurality of reference segments an average

gradient GFEREYPEy/SE Bl faGeCIINES BRIFSTR STcthipast FeRsiciedodb ghibahEarERiaBReg the
differencegheiweantbe @rasieats.0fthe:pryscalgRRlimagadnibedivialiyobreference.gegments and
an average gradient of the grayscale image.in.the plurality of contrast reference segments; and
etroving Hb AR b L RS SONAN oS e e R h oD S
suggestigiupdint ofirafvecdistapoente it eving hethiod: apphedsm8te pe@hnthadvuailelof afiluthbtmeasured

points _OUJF‘ SEEIBIRN 6 ReOreRLAe S e Ve SR QHERERRY IS _C!J'ﬁt@&ﬁ? JPEH@‘QHQa[H?tBPd
comprising the steps of: when there are no tumor contour suggestlo_n points before, taking one of the

plurbity oF FEaSUr e SBif &g I AT fBfeTENe SR HISHEES ORRYPSIAL B Whif tHEFEis one
rumor costguiesygiestionipoiht before;daking whasiiteabroahéoplnsliggestidhrpaintamene of the

plurally af,[eleteon.sadinerisar st Reink.akipg:ana.ehihed Walilmgastiigdaints on the
next reference segment as a second point; and retrievin

_ . : . ‘the measured point on the next reference
segment, HE9IHY thevinmraRFdistafeEBetitbel themhvst Boivh perhpitalsseprtpdintasthe tumor
contour siiggestion Rainkantiepext refarencaddeinkuadhoigradiert LWMAdifiereacasigtdeving

method applied in Step C 1,.the value. of all the measured points on the reference ment are
i e T e B B A R e R 5 T ke g T s of:
when thehergenneotssio ofontoirtbe glestiorrpoiras rdforerisakitiy opecsppldingitycef sagrastired points

on the firghreferancssegmentiasa aferancelist O WhemtNers.saRe NG cantatksHagestion point

before, taking all of the pervious tumor contoyr suggestion points as . . ..
tumor contour suggestion point is retrieved by 2 moving variance retrieving method comprising

the steps of: calculating a gradient variance of the grayscale image in the plurality of local

20  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.

25 2. 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 tumor contour annuiar region and a plurality of reference segments of the grayscale
tmage, wherein the input tumor contour 18 in the tumor contour annular region, and each of the

30 plurality of reference segments is across the fumor contour annular region and includes a plurality
of measured points; retrieving a modulated tumor contour suggestion point on each of the
plurality of reference segments; and linking all the modulated tumor contour suggestion points on
all of the reference segments, for forming the modulated tumor contour; wherein the modulated

tumor confour suggestion point oa each of the plurality of reference segments is obtained by the
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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

referenC%iﬁ_Mg%ya_e EWMAvalwe ofthe setarencedist.and tosmaradients ot grRysealgdmage of each
of the plurality of measured points on the next reference segmf%nt as the inpuévariables of the EWMA

weightingFoIn i Y e fIHGHNE BIES U BItHEE EVRRINA Wi giftifiofoftn S REHESEAMAR ORI of each of
the pluralitjehmeasuradrpointsidiy theomesst reféceingensdgahent;ahd takihghthecne of plinkality of

measureg?nﬁwéf&%m&%{%%&% seament, hawing leminimumditersnee helygen the

gradient of grayscale image thereof and the EWMA value thereof, as the tumor contour suggestion
poinfon #fanfesit feerHEsSEGRRIME AR th trerdisgiE MEMA ARG IFRetsE s ppRaeEiRcStaprCl, the
value of allthelmeasuraed pRinisanhed etemacersegnentare retrievadhin AD5eRueRts by the angle

retrieving method compyising hesteps of: whan there, are.ng umor coptowr syggestion paint before a
last tumor contour Suggestion point, deﬁning one o ﬂ1e"pfﬁra| y 61fgmeasurecf)pom<fs on the first
referenceSegnseitres gefitstippimcthers:orécolating pluraliyive easgiedipoirag ohatesaeshd reference

segment a5 Serond ReittRE Whgnshersyisplanady meieentiasHagrstion Rt befere the last

tumos Cog%grlégneﬁtioned retrieving methods together, wherein each of the products is obtained by multiple
the normalized value of the measured point for the number of times equal to the modulating
criteria of the corresponding retrieving method, respectively; and 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

15 points on the reference segment with the corresponding weighting parameter, respectively;
wherein in the moving variance retrieving method, each of the plurality of reference segments
includes a plurality of local segments and each of the plurality of local segments includes a
plurality of moving horizons; each of the plurality of local segments consists of one of the
plurality of measured points, at least one measured point before and at least one measured point

20 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 iocal segment and at least

one measured 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 image 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
reference segment are retrieved by the contrast refrieving method comprising the steps of:

calculating gradients of the grayscale image in the plurality of reference segments and an average
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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 second point;
defining a vector going from the first point to the second point as a first vector, and vectors going 20

from the seqond paint fo.each. of, _@HJ%@'wi@eﬁ%&gaqj&&%m%@%m@m gpent as a

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

the pluraft{f@fese datroerBrseEEsChlEly: BREIakifiraTeDHE BIYIiRIRY GFRREsSHEaEbints on the

second next seference segment, heinghelendspoint ofthiersesontlcvecter reereespendiagdo the angle
having ma>(<1jm m cosjne value s the tumor contour suggestion&) jint on th%s cond ne%t reference
a 1 1 € Umaer coniour

nd refpievin ge casuréd pomt correspon 1o the Ximum CIETICe as .
Segment. |ncegthe a ove-mgntlonecfg)%lnt?go retrlevmg met ognnave een described in

ExamplesggesBntneidetaiisdietplhn Atnsiaiesdns Rigdeb s ralieving isthsasisSraftted herein.

The abovgreniigned stepsdn: the Methads il ieHis Wineha JmGoMaLELhal N ags Pagessing
system of the present invention can be gerfoi ined by com

, ¢ uter programs. The saftware written for the
methods fSrTERHEUHGE {UTOFECREI T A AU PHCER LG Lo OIS b 6 Rvention can
be storedhfmaeayuret prditgam ddidicapelbtenct beimngrecogfize ponteaddyrathereroprocéssing unit, or in
any articlgs, and %%&E%ﬁ%ﬂ'}ﬂ}hqi[}&&ﬁe 8eordingsmedivm. hheadigles dreoak imitgd anecan be hard

discs, flexible discs, compact discs, ZIP, MO, IC cgﬁ%s, random-access memory (RAM), or any articles
incliflingAiE ety dreRAYNA BiF Srd e litiBeiAnh el bt Ruthly MORBYCRYaticving a tumor
contour ahamndragrRprocesaingISystesdsnaompletaly disttosedihereiasoane skil knothn ilve computer

language, san wderstand oW .1t SOIVALS. ADY SOBYICTRIPQIAS, ARSALNgl e detal
referrlng 0 the softWare’and ¢ mputer programs re ated to the m ods for retrieving a tumor contour

of an imd§e ROpreerssirtyespstempefthengreserit islemisiator segeriBébicHardipnt EWMA

difference retrieving method, the value of all the measured points on the reference segment are
15 retrieved in sequence by the gradient EWMA difference retrieving method comprising the steps
of* when there are no tumor contour suggestion points before, taking one of phurality of measured
points on the first reference segment as a reference list; or when there is one fumor contour
suggestion point before, taking ail of the pervious tumor contour suggestion points as the
reference list; providing an EWMA weighting formula; determining the weighting factor of the
20 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 tamor 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
25  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; wherein in the
angle retrieving method, the value of all the measured points on the reference segment are
30  retrieved in sequence by the angle retrieving method comprising the steps of: when there are no
tumor contour suggestion point before a last tumor contour suggestion point, defining one of the
plurality of measured points on the first reference segment as a first point, and one of the plurality
of measured points on the second reference segment as a second pomnt; or when there is one

tumor contour suggestidﬂ point before the last tumor contour suggestion point, defining the tumor
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Although the present invention has been explained in relation to its preferred embodiment, it is to be
understood that many other possible modifications and variations can be made without departing from
the scope of the invention as hereinafter claimed. What is claimed is: 1. A method of retrieving a

tumor copipypimpleraeated in aprmage RIPRESSING Sy haldnudes cRemenLioTing a

grayscale image, a display screen, an input device and a processor 5 performing method steps,
comprisinglPEERE SHTSE GP O EBTIBERSITHRS Jras RO M s B A AOTENBE E8tour annular
region antdeafipitipality woftrefesendepseg men rofhegrayscaletinagey \iherdin theidputittmor contour
s in the tmor,con'ar. annuIALSalen: 816e86h AL AR ALIGIPIeNce seamanis (s across the
tumor contour annufar redion an |nc1i esa Slurarfhty of measure points; retrieving a tumor contour
suggestioncpomedriibon Geereiptumiey of trorefsraskdabbnibhigstand ankiadh s ialimbr contour

SlIJggT—_‘StiQ}?:B%Hmécwﬂsgue@gemﬁré@fe{&ﬂ%ﬁg?ﬂéqlﬁfé@?ﬁlﬁ@ﬁlmmgftﬁéaﬁﬁﬁ’@@(;pﬁﬁﬁi%;,twha@llieﬂallfi‘acr; Iof thle
plurality of reference segments includes a. pluralit ocal segments and each of the plurality of loca
Cogmen e I GE G ST Qo I RaT i erEt T BaHeLT e BB FioEar B ments
consists biong oftwplurakiyeofrveasardd points catieasteresimaporsdopoiht sefore ard at least one
measured.¢15 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! 8t ledst b HdaSliFed PNt AfEPh B o R BT &fit GBSt r%faﬁsa‘-i%f&%ﬁ%frem the
tumor cogtdudeuggesiton paintis retfrievedbyza mokiig wriencenratsie\dagonatbadcempsising the
steps of: calculatin radient variance of the i ' P [ | segments
a2 ot B Pt horieche
calculatirfly e gzt BoPTHOHPLE BRI faHeR BtRe Graliscalasisge irrgreprrhlby sfavcaltsegments to
the averagagragientvaianss efithe grayscalamimageds thapluralinef moevingniarizprs tand retrieving
the meas req, oi?t' corres onding to the maximum ratio as the tumor confour S&Jg%egiopé{;)oint. 252. A
methiod dF Fetfiaving & faiior eontour implemented in an image processing system that includes a
memory stonisgsagraysualadmages a displaygtreeniaseihiputrdevics aadhaoprbeasdsutiperorming
method stgps,cOMPHISING: JREEMING 3N IRPUUMQALEARIQME QL ihe JIAYSGAlE inpage dafiniag a tumor
contour annular region and a plurality of reference segments of the %rayscale image, wherein the input

tumor coNtSUFISIHIHETEMHBEESHISE PUHALIATIEEIDA CHHE QA8 BRRE S BRIFATS SPPE T Ence
seg_me_ntsdtsia@cbaﬁlmﬁlmwﬁﬁrccfmﬁwstamam mgim_fmlwdeﬁ)iadtesc& pﬁlhalttyamﬁm efsuredtpoints;
retrigying, & madi AIEALIUMAr SRR SHIGRSHAN PAIRt AR /9N of e plurallahielerangg segments,

and linking all the modulated tumor contour suggestion poirits on all of the reference segments, for
forming tReEPRRSR EEERECtF ST T BTV HE SR RHIE SREEa O RGIE Shitiie Sigyes 8- BYint on each
of the plurality, B referencrmegmenisisightaneddythe fallowingsiepsrasumalizing thenvwalue of all
the measted pOIR(s on Ie eference seoment eligued y.a moung varanceetieuig method the
value of &li'the %afsmffS%CpO| s'on the refere egsegmen retheve y a Contrastretrie ing method,
the valuecohtistheferrags sratipointslonaties ridfe defivensey irercte thievisdlispta ofisharmiavissttieving
method, the valve.oball.ihe Measdred SRRiNS:n dhevefsrensaseomantisiisved oy a aradient

EWMA difference retrieving method, and the value, of. allélhge measu ediﬁ}?ints on the reference
segment PEIE0ER! 59 Ay R SARG RO FIRES DaITE BSAREER Y ﬁgfeﬂ’é?%dfﬁﬁﬁﬁ]é"?nodulating
criteria fomedehofdiieraforembationedtsetriesingastethpasi.calculating a weighting parameter for each

the measyred ngjiis On Mhe.IE(STeNGE SeATISDL TR0 oAl sauesARnding {o;each of the

10 aforementioned retrieving methods together, wherein each of the products is obtained by multiple
the normaNZEdryAITE oM Eh e B SHEYSHIMETRF e SRNAD EFTEF R LB ATVIES A A BERASHIFTG criteria of
the sorrespapaing: ratiging:pethad:isespeatively; ancretrievingihe cogrdiaateyefdbenapaor contour
suggestion point on the reference segment by calculating the average coordin from the sum of the
e L R e s Syt b e R il
segment isitlgethehersiredisonplin  wel Rty pararistarmps spautyaRnwgh & sivnifaeasiboiigevariance
retrievingmethods eashkthe pluralityefseierancs sagmenisinsikdes anlualinoef Jecalisegments
and each af the plurality of local segments includes a plurality of movirglgF or%zé ns; eaagh offthe plurality
a

of local sGMTEMEEbRLIES SFESEHF tha BRIFSARICSF SReRSTI¥Y HOMMED £ T4alt SKeMNERNIrYd point

before and at least one measured point
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20 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 value of all the measured

_points on [agi(eLensa RCaRALR LSRR R MADgKBanGRy sl Ay aKpehod,comprising

the steps of: calculating a gradient variance of the grayscale image in the plurality of 25 local
segmentSeaRE N R EEHE LSRRI OrIRE Brale Sar s YReHLoBIBP AN B1H58%ing horizons;
calculating thgusatiowf thesgradieativananeenof thengrayscale impgefindhe merality ab lnealrsegments to
the average dradient yarance.ohthe rayscale mage e RGN AL TPHAg erlag0s; gnd retrieving
the measured pol correé)pondlng %6 the maximum ratio as the tumor contgur suggestion point;
whetein irfhienconteasniatrieing prothod *ave st &f graliireT PrROBUSHBERUIIMTE SIS is retrieved

and a plugality of.contrastisferenas caaments isdelingd,earh.of the pluraliy ef centrastieference
segments_extends from the center of the gr?vity to of the corres ondin%éeference senqments,

respectival: BHBAEPSI 8% PRI hR RS éaeﬁ%}ﬁeé BT Pe et dNEL SETMEnT S Padieled by the
contrast retrevipgimethddcomingsihg thestepspointcaictiatimgigralients efghengraysealétimage in the
plurality of referenae segments id anaysags sradientofdhe Arayscals-mage. s heplality of
contrast reference segments; calculating the differences between the gradients of the grayscale image
in tHE plupiitycafiefsrertEseyhRdits and an average gradient of the grayscale image in the plurality of
contrast referensrogegmeritsiand relfievioadhe imsasened poink darespanditigd o thenmaximum
difference he tumor contaur 5 suggestion point; wherein in the dist retrievi od, the
value of aiﬁg%éesfnae%lgﬁ%ﬁ %8%11% %ﬁr?%%c?feefénrlg %edsaésdjrl%rsl%lg%’ raer%rllré}i'/@drl’ igr‘{q g%q uge\él % %%/gst e distance
retrievingparétigdecomiprisHi theo SIEpEneT ropRaH EHEY A BYE B AIBHEH HIoUP SIRYGERIEREBInts before,
taking ong.@f, e Phiality.afomneasuiad-peintsnthrfirs! refesence segment as afitghpoin, or when
there_is one tumor contour su ﬁﬁstion Eﬁoint,befo{e, taking atlas_t tumor contour UT% esg%l point on
one'df th& ASITPATRY 675 SHBYE RRCE GBI A5 Hife HPSF SO 1AL DA STRS bitiraIty O measured
points onptheahigxifrefersnescgagmentas s Secomdrpointuanthrétrisgiog théinsbaissiradupdint on the next
reference, seaments Lving e 'EEH”MM&S%‘&%P%\Q’&%&P%JH@&OH&E@%@ the seerd point as the

tumor contour suggestion point.orﬁhe next reference point; wherein in the gradient EWMA difference
retrieving FEF6H STHR LRSI e th &Y SBRRY HARRS et e ho iR FE F 8 FStrieved in
sequencedynthe gradientdz \WdMAndifferspas rettewving mekhadcomprigingithestepsrefiwbén there are

no inor Somiadl udoesianap RimhR e taldoaane:of RIURIN: o MRASRCRQIES. Qithe st
reference segment as a reference ist; or when there is one tumor contour suggestion point before,
taking all bEtheperioms eapor coEEslios RgYEShYRTpOITa R R PEREEHN O MSESHIROWEIRY h EWMA
weightingferpulareeiessainiag: the veightingfactereh ther2Q BA/MAoweaighting sestivtapand receiving
the EWM%galue of thaﬁ reffeflrence.listtb the rtadient% o{. ra scgle img%% ggleaf:%fofrmedmeasured
points or BYE TG &Rl SUSHE SO B e St B LS G the EWRIA Valde of the
referencealisEafid she gratientsfurayistateimagdbeoieathing theiplublity difidasureehfaints on the
nexbEefergnce SCOMenk Ashe iPRMIXANARSS At the EWMA wWeiabunmiommia: delinienkge output of
the EWMA weighting formula as the 25 EWMA value of each of the plurality of measured points on the

next referdns seghfeRE? ter R ThE1D ST HIOIAHTRSEFLLSPREE Mo HEs TR hek i erence
segment,tha\ﬂ'mgvthewa}imimﬂmediﬁ&remaeibetaméethetfmgmpﬁewﬁ pfgraniscalezimegetharedfeand the .
CVWMA Valie e Al AR08 IROL B!, SURASRIQARIN0 BN AL IBIALENPRSTHMER! whereln in

the angle‘retrieving method, the value o the measured points on the reference segment are 30
retrieved Weidigne fue b theiaingl rpetraving odTod e orrishtmg e dtep s ENReH HliEC4re no tumor
contaur seggestion priatiheloraadast el 60nke usuggestianspainktlefiningianaobiikeplurality of
measured points op the firsé refegenceife%m?ng %?egcﬁrsset Fs%igt’ gqunor}geo;gl t;gﬁn B@%ﬁg{ggc@easured
points on REEC8h T FéTeen 8”§esg°mneﬁ as’a Secon po rfl oF when there Is one tumor contour
suggestioreiyeint Beforedits lelsttertotectnmeutisorng asdop SN defining theecolinie the drteir
suggestiop, peinthefone R RSt IR aEGRQHEsuggastion point as the first point, and defining the last
tumor contour suggestion point as the second point; defining a vector going from the first point to the
second point as a first vector, and vectors going from the second point to each of the plurality of
measured points on a next reference segment as a plurality of second 5 vectors; calculating the cosine
values of the angles included by the first vector and the plurality of second vectors, respectively; and
taking the one of plurality of measured points on the second next reference segment, being the end
point of the second vector corresponding to the angle having maximum cosine value, as the tumor
contour suggestion point on the second next reference segment. 103. 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 tumor contour annular region and a

plurality of reference segments of the grayscale image, wherein the input tumor contour is in the tumor
contorir anniilar reainn and earh of the 18 nlhiiralitny of refarence canmente ic acrrnce the trimor contorir



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,s e e ient ' e : ' ntrast
referenc;é?ség%%emn%g nga?él u ﬁ%%%h@ﬁ%%?ﬁi%@%%&%@%gﬁﬁgg5%%?5 %ﬁa{%%a%épréﬁz%%qugﬂmage in
the pluralitylefsetaRSHOE SRS AtETaYG%h By 8 at 4 IgHaniEnEws telyraydeats fhg@mreReplurality of
contrast iefesanee sRAMERGsanduaitiaying-tharpeasyred et easespondingfaihermaxmum
differenc%f:?s the tltJmor cor%tour sulggrestion poli;?t. 41 A metrI]o of retrieinIrlle%ta tlfl%(e)l‘ cag)ng?1 Ir

implemen editFan ?rlﬁlgbceorﬁrpéléeaélglng éff/%ltoenmalf at n%rlﬂdﬁ%g ar?n%?ﬁlg?yse orlné a graﬁcﬁe Image, a
display streen, wreinipubdeviceiane aqpiotessortBo parfoeringmethisd swps, edmplishidgieeceiving an
input tumay,Gantay Feod the- QrayReal e innagendefining AP AeeRtRulannyar egion.apgdia plurality of
reference segments of the grayscale image, wherein the input tumor contour is in the tumar contour

annular r8GBFEHIRY SRS of SHE IS A1ty B r SR BHCE SETIEN RO it 588 tifnBIFEBINOLr annular
region anéfﬁmiudeegmqmiwahty IMQaﬁutmdtWtsommiemmmdurpm‘mmmt(aurcﬂqggeeiﬁmopoint on each
of the pluglitv.ol. 15/9ian5e asamene:Ad pking,alldha ek saialEanagestan Balats,on all of the
reference segments, or torming the j[umor contour, v_vhereln the tumor contour suggestlon pomt IS
retridved ifh SEHERSACY 19 ArgistariEeviBE B rmethBE R MBrisAY the tEpher WRER 8K are no
tumor coptaunsuggastion peiitséfeiore, akingenedaidhiesphgatibn ofoneagfisdpoirtoomthe first 5
reference segment as a first point, en there is one tumor contour suggesti int before, taking
et NS B B D et
taking onef oherrampiliralits ohrffwasiyrad poftcorstaagmexs refetendesagmentys dieecormdpoint; and

retrievingthe.rosasures.-pQini g the aex feferenes.segmentudadng thamininm distanse between
the first point and the second point as_the tumor contour suggestion 10point ocrtl the next reference

poirtt’ 5. AHEthGHEBF V&R G0 " RIFn B cONBER ThSRAHE SHEd S FiBlo® 16 daEs Ry Bt m that
includesf deffit@ngahy Bmrtingoa@Wghﬂﬂ@g@p&dﬁspﬁay@orﬂmimmbfpmmvécmyagrdng fjpmcessor
performing method S1eP%:. GAPIRESING: FEGERNG ALINRME LIMAL GRHPYEA] Hhe JLaxgsale mage;

defining a tumor contour annular region and a plurality of reference Segments of the grayscale 15
image, wheterf the MpatifforesRisliPRT MHedtdrbrdBRRsESsHRtRAA SR 2RNCEAE50%T the plurality
of referenceisegrmrnlgiis: aer 0ssitheausn of teniqueannidad regierienddactugeasha plutiiiyenf measured
points; retrieving a tumor contour su stion,point on each of the plurality of reference segments; and
T Al e e e R e o
contour, whéraifsnectyraoretoing Siygesnenpeirnbissestidvesteomrengndnedbiba gradient EWMA
differencejgtrievingmethadicoronising the sieRs ebnwhierhess A &Rt WMARLaRio suggestion
points before, taking one of plurality of measured points on the first reference segment as a reference
list; or wﬁggf’iﬂ’@Fes? & 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 25 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 30 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. 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 tumor contour annular region and a plurality of
reference segments of the grayscale 5 image, wherein the input tumor contour is in the tumor contour
annular region, and each of the plurality of reference segments is across the tumor contour annular
region and includes a plurality of measured points, retrieving a tumor contour suggestion point on each
of the plurality of reference segments; and linking all the tumor contour suggestion points on all of the
reference segments, for forming the tumor contod wherein the tumor contour suggestion point is
retrieved



10 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 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 15 contour
suggestion point before the last tumor contour suggestion point as the first point, and defining the last
tumor contour suggestion RQi e ond.paint; defini C ' e first point to the
second point as a first vec%c@@%ﬁﬁﬁ%@é&%ﬁ%@gﬁ%e@irality of
measured points on f ity of second vectors; calculating the cosine
values of the angles %‘rﬁg\e@‘ ?ﬁ%ﬁiﬁ%mrﬁ e 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 thé\&Eb Rkt tHfcldhEcRESRASURBIETHOD FOR RETRIEVING A
TUMOR CONTOUR OF AN IMAGE PROCESSING SYSTEM ABSTRACT OF TIIE DISCLOSURE
5The present inventiohPreliteteb NEHeE ol aafetnng methns Entstiorag mEgeProcessing
system that includes a memory storing a grayscale image and. a processor, comprising: receiving an
input tumor crBYE ey rRES I BTTESE detiig A %qufaﬁ AARERreloitart a plurality of

reference segments q{} the %aysc I% imr%%géwrge(:eégm thr?s%x? in éjctetil{fri?l%r contou& *Ljstﬁr}x{ge tumor contour
annular regior%rgxécg chD ﬁeaBI%raliFy O Teterence gegmgﬁts A s the thior CoRtour annular

region and Indly BRI AL IERSHIARROIRLSGIHSY 00, ENSK AR IBU SuoRgsan point o each

of the plurality o nts; and finking all tfie tumor contour suggestion points on all of the

reference segmentsfarAfliingeihs reosseniauss ArcordinglndmapRlynghgmathod of the

present invention, a ‘doctor can rapidly and accurately identify the contour of a tumor in a grayscale
image. Fg. 4 input tumor contour is in the tumor contour annular region, and each of the

piurality of reference segments is across the tumor contour annular region
and .includ.es 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
15 forming the tumor contour. Accordingly, by applying the method of the
present invention, a doctor can rapidly and accurately identify the contour

of a tumor in a grayscale image.

Fig. 4
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