Met hods and apparatus for binarisina imges Field of
the invention The present invention relates to nethods
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the i mage based on an intensity threshold. In
particular, the invention relates to such a nethod
having an inproved process foy selection of the
threshol d. The invention is applicable to both nedica
and non-nedi cal inmages. Background of |nvention

Bi narisation is a well-known techni que for inmage
segnentation - that is,classifyjng,pixels of the inmage
into two cl assthods a BRANGE 5 NG Iages
classification based on whether a given pixel of the

ip;gg)e%ﬂﬁg iNertidhensity (gray-level) above or below a
t shord. Binarisation has been widely applied to a

nunber of image processing and conputer vision
appe ipcesandrigyentionargiates it methpdsefgrimroeessing sneimade so as to

k i pld,eit ti t hat ..obj f .
Ree P Rt Be mASE MRk PR bR thRshe 1 pagisutr, the
fihosht edlatel a6 kaichla tethod tHaQly ah irmprovemBsiRced8Ror selection
techni ques exist for selection of the threshold. For

esfdhpitereshalds die ivention carprlicable tecbethr medisatiagdmopemedical
\‘jﬁﬂ%%"sed in a process involving user interaction,

I'1™e7in other processes the threshold is selected
entirely automatically. In sone such processes the
t Bacisirolind ofinvehtiomed [ ocally (i.e. such that the
threshold varies fromone pixel to another), while in
ot her processes the threshold is the same over the

j ' e b I j ; TP

rEPRaafEn s 3 LRIl K age! S&dihBRtation - that is
classifying pixels of the image into two classes. Binarisation performs this

classification based on whether a given pixel of the image has an intensity
(gray-level) above or below a threshold. Binarisation has been widely applied
to a number of image processing and computer vision applications, as a
preliminary segmentation step. It makes an implicit assumption that an object
of interest in the image has different intensity values from other (background)
portions of the image.

~Many techniques exist for selection of the threshold. For example, in some
such processes, the threshold can be selected in a process involving user
interaction, while in other processes the threshold is selected entirely
automatically. In some such processes the threshold is selected locally (i.e.
such that the threshold varies from one pixel to another), while in other

processes the threshold is the same over the whole image.

Most automatic threshold selection methods employ a histogram of the gray
levels in the image. For example, Otsu [1] proposed a selection of the

threshold to maximise the separability of the resultant classes in gray levels,
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| evel s in the image. For exanple, OQsu [1] proposed a
selection of the threshold to maxim se the

waepanstavd ity of the resultant classes in grayPCT/SG2004/000403

| evel s,which is perforned by m nimsing the

wi thi n-cl ass variance. Li and Lee [2] selected the
threshold by m nim sing the cposs entropy between the
i mge and its segnented version. Kittler and
I[1lingworth [3] selected the threshold by m nim sing
the Bayes errors under the assunption that the object
and BLer ray | evel values are nornally distributed.

rilpigh igtPeforpried By JUINHBISING the wilvin-elass orarianspr bhend Lee [2]
°a » .

o PR ot e 8IS Wgblifypen the imace

W?‘msggmsmmidwldiddd ittler 6ﬂtmd gum;ngwsmg [Iﬁ] dededtod Ql?@thrfeshold by

| ¢cn, naxi.m se class uncer I n and, nonogenel 0 )

RIS e Baes FTas Hnder tha assunriophat e sblach 2ng pixel
yrs t LT o .

SRR VRSB M KL SRRl i

crsrdpys eappaoaciut dieng canttt Babloo o [Tjhanaxitriseds etheerentropy  with

Sl

A e M LS ST
f[8] pRMDRed WrechR™Ae WHIAHW nfaxithEeaXiads Qﬁ@eﬁ%iﬂtyeasqgorl\odn?geneity

t'hr eshol di ng nmethod. Then, the pixel-wse t
phexegionsd Ohengretealdd] aseddhe leoncapteehtizay wpartition and the

IR A, SRR R RO Rl fanelRold oot i g &
t hreshol d descri bed above | ack a nechani sm for

i ncor por at i ngﬁgi or know egﬁgse about the imagies to be
Hrheings et aTh(1S5.236580e s 4993)i Miasiasesh an aiitematie otetleod to

£ ul haj i MOe At | .
BRGSO P85k, Aot UGN fhe e
dmalgkeintesubsimagesl &b inde the thoegshold fdryeadic suponagedising a
histogram-based thresholding method. Then, the pixel-wise threshold is

approximated by interpolating the thresholds of neighbouring subimages.

Summary of the Invention

It is observed that the existing methods for selecting a threshold described
above lack a mechanism for incorporating prior knowledge about the images
to be binarised.

Thus, the present invention aims to provide a new and useful technique for
selecting a threshold for binarising an image, and in particular one which

enables prior knowledge to be explicitly incorporated.

In general terms, the invention proposes firstly that this prior knowledge is
used to define a region of interest (ROI) in the image, such that the analysis of
frequency distribution of pixel intensities (represented by a frequency
histogram) is performed only for pixels in the ROIl. Secondly, the invention



In general ternms, the invention proposes firstly that
this prior know edge is used to define a region of
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frequency distribution of pixel intensities
(represented by a frequency histogram is perforned
only for pixels in the RO. Sgcondly, the

i nventi onproposes that the prior know edge is used to
select an intensity range, and that only pixels within
this intensity range are used to generate the

freqg uenc¥ di stribution fromwhich the threshold is

srérpeeﬁ%% hathiB§ePiqiokny¥gdga e Usrd el sRIPpH an detgasity eange, and
o hbﬁly?%?%ﬂh%&hﬁ@hn&*?ﬁtlénEWYé B u Yo géﬁs&{té ¥% frequency

chani I ncorporatin
tdistiblation froe ebichothe tm&shadi/mrﬁele;ﬁeds crl tical whether
the image is a nedical one or not. In partlcul ar, a

L B e SR8 PoBrkte: Bt I EomBitRso8 bRy peovide a

%gmyl @ﬁ%bm/é‘hﬁf@éﬂﬁﬁi%h{ YioRNthcBRGRtingPBAbY | K iEdadNito the
expr éssion of the invention is a net of bl nari si ng

athresz’f@éfb seleefionctheadyaniags inavitingl Wbeﬁectthewnage is a medical

h Wsi n
HeE B o e 0ulgh F REMBRLEETRS' BuPF s bl Blaggs whicn
l@trﬁmmt hight higbustriessi i fo Uishaigngr laﬂefé&ﬂ@V\As@@He &Pogtay level
the image to derive an intensity range of pixels in
t'ﬁbo@é’gér‘?@gﬁﬁﬁ ngfSeinterest; (iii) obtaining a
frequency distribution of the intensities within the

S?bé’cnfégl n%n‘eyekﬁfé%@loﬂf oP”tﬁ@'nﬁvégi {nlh A Ehﬁueﬁ%od of Whsing an
0 nter usi ng the sai
dimetgel bamiposed oofd pixielse hawingntespeictive tlhteasmpl\m,luwdhe method

comprising:

(i) using prior knowledge about the image to derive a region of interest
within it;

(i) using prior knowledge about the image to derive an intensity range

of pixels in the said region of interest;

(iii) obtaining a frequency distribution of the intensities within the said
intensity range of pixels within the said region of interest;

(iv) using the said frequency distribution to derive an: intensity
threshold; and

(v) binarising the image by classifying pixels in the said region of
interest according to whether their intensities are above or below the said
intensity threshold. ’
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(v) binarising the image by classifying pixels in the
said region of interest according to whether their

WO niosnsisds es are above or bel ow the sai d i nt enBC1/§G2004/000403

t hreshol d. The invention may alternatively be expressed

as a conputer systemwhich is set up to performsuch a

nmet hod. Alternatively, it can4be expressed as software

for performng the nethod. Brief Description of The

Figures Preferred features of the invention wll now

be described, for the sake of illustration only, mﬁth

reference to the followng figures in which: Fig
sheRnVEREos Megs ajternatively sewpressed §Saﬂ10@mﬂﬁbtﬂrrﬁyﬁtemwhlch is

Y/ Fi a
Q% bERPERGm Sk % P AIRAIER) it gan. ey xppessed as
ssoftvedredos paifermting dhe hiethoatt hod of Fig. 1; Fig. 3
shows a region of interest within the imge of Fig. 2
dgr.ivdb. a first step of the nethod of Fig. 1; Fig.
igf Qe 2 = am of the RO shown in Fig.
3, and a threshold selected in one formof a step of

t PR fEmRed féht@fes"—cbfghe hve@llﬁdn '_WIHJ now @é‘@é‘@crﬁd&% 'Pdrrtﬁé 's%ﬁ@ of

i mage using the threshold selected in the met
Flllvgstrmon YA \Mélm rejesmqepioutba felowing figutesdn rvdnchk

et hod- BniTcH Pk 4né et inean iedfod W Eh s v Bipeeisient of the

sing@ition; n step 1, anlmagelsmput In step 2, prior

know edge of the inmage is used to define a region of
i nt er kig. 2 shows an MR SPGR lntercommlssural axial slice of a brain,

which is a suitable subject for the method of Fig. 1;

Fig. 3 shows a region of interest within the image of Fig. 2 derived by a
first step of the method of Fig. 1;

Fig. 4 is a gray-level histogram of the ROl shown in Fig. 3, and a
threshold selected in one form of a step of the method of Fig. 1; and

Fig. 5 shows the binarised image usihg the threshold selected in the
method of Fig. 1.

Detailed Description of the embodiments

Referring firstly to Fig. 1, the overall steps of a method which is an
embodiment of the invention are shown.

In step 1, an image is input.
In step 2, prior knowledge of the image is used to define a region of interest

(ROI) which is a subset of the image. This process can be done by whatever

means, either automatic, semi-automatic, or even manual.
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be done by whatever neans, either automatic,

WG eoss/HsbOMat i ¢, or even manual . In step 3 an ap@l/g62094/000403

10

15

20

25

is perfornmed on the frequency of occurrence of

intensities within the RO, and a range of frequencies

i s defined, again using priorsknomAedge. For exanpl e,

wi t hout | osing generality, we~denote the imge to be
processed as f(x), where f(x) is the gray |level at a

pi xel labelled x. It is further supposed that the
processed i mage has L gray |evels denoted by r, where

/In stepn 3 mne goelysis tiheperiaigedd ano the #requency of roccurrence of

e w07 95K gt BEDhlEg B g, acan s
b&fdrainewistgeSuppose that due to prior know edge or

test we know that the proportion of the region of
interest which is occupied by the object is in the

el | .
PrYCERTE ARG, BRIDbehitaling, we doi 11 o8 1 g Hrocessed
cagTikpiviheze @ ds éne grayhievb! ata diXe! labelledherieis further 8apposed
I nteger dummy i ndex. Considering two values of / )
vihat gwragem%mage ha Ligray, lpviels/deitoted by s iwhease /iisham integer
the range rmto rOis ah(?) . Thus, we can use per0O to
daltbairange & fgrlay ard ey <mow; - Bucht istrRisqasavmedthat theaebject of

al| th i xels having | ower intensity represent

atactP AR Gher Misns Hevalies tiah B8 backaraiiich Suppose thataue to
FhoX ) .

et fnomipdgp ofedt it kit R 8 DroBSLA, TAhe foBlch 8 interest

hakiichds brgimied byttbe object issiprtbe gercariage krgs pemntio gler~

rom{i \ H(i) 8p eri } . (2) In a step 4 of the nethod

of Fig 1, the threshold is selected using an algorithm

Let h(i) denote the frequency of gray level r, and let H(j) denote the

cumulative frequency which is Zh(i’), where /' is an integer dummy index.
i'=0
Considering two values of / written as m and n, the frequency of intensities in

the range rp to r,, is Zh(i‘). Thus, we can use perp to calculate a gray level

Now , such that we are sure that all the pixels having lower intensity represent
background. rew can be written as: ‘

ow =minfi | H(i) 2 per, }. 1
Similarly, we can use per; to calculate a gray level ;5 such that we are sure
that all pixels having higher intensity represent the object:

Figgs = min{i | H() 2 per; }. (2)

In a step 4 of the method of Fig 1, the threshold is selected using an aigorithm
which operates on the frequencies within the selected range from riow to rhigs.
The details of several ways in which this can be carried out within the scope
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range fromnow to rhigh- The details of several ways
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the invention are given bel ow Thus, a selected
threshold is output in step 5. Inmage binarisation is
then perforned using this thrgeshold, to create an
image in which all pixels (at Teast in the RO) are
classified into two classes. Further inmage processing
steps may optionally be perforned at this stage. ve
now tyrn to a discussion of three technlques by
spEihednvantionareiygrobelout Ths, msplest %ﬂ%@&fml%&jomf@%m step

vglley detection nethod (RCLVD) If the frequency range
derived in step 3 is correctly estimated then it will
include a valley in the frequency di stribution of

ens ties. . .This, valle rate ckground and

G blogisatein.s el peRREREuShG Inis dirasbokk g Greata Aimage

s I t T t aal
A R B ot a“h*”.eéR?EE%feP‘?s“‘* o MORwS dies: Furtner
| ivage pracgesipg steps mayldptiopaihabe iperforredd iab this istelge.
intervals with an equal frequency range dh . For an
interval |abelled by integer index j , the | ower end
O‘We' how firRNG éydlﬁéﬂu&ﬁ)ri of YRt @éhh{%@@d%?\ﬂnm%@?g #dan be

denoted r{ . ° = r, 0w
(%WM%MM rlﬂzo r\ =mMU H (i) {H+tfd h)},
rx k =[f 1, r2 K=min|ji H?3J) (IHr

1. Range-constrained least valley detection method (RCLVD)

If the frequency range derived in step 3 is correctly estimated then it will
include a valley in the frequency distribution of intensities. This valley
separates the background and the object. Thus, valley detection can be
exploited to select the threshold. This has the following steps:

1) A frequency interval éhis specified.

2) The gray level range [r,,,w,r,,,g,,] is partitioned into K+1 intervals with an equal
frequency range i . For an interval labelled by integer index j, the lower end

of its intensity range is denoted »/ and the upper end is denoted ;. Thus:

rlo = Tiow s rzo =m1n{z|H(l)Z(pero +5h)}'

R =r, 7} =minfi| HG) > (H(') + o)},

A=, = minf| HO) 2 (HGE) + ) .

H(r* + &h) = peryand H(rX) < per,.

3) The average frequency #/ for each of the intervals j is calculated given by



k )+ dh) . H(rf +dh) 3 pxer and H()r<f x.per 3) The
average frequency hj for each of the intervals/ is

w@adososabed gi ven byL = (H(r/) - /T(r/))/(r] -Pel/3GAN4/000403
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Let J denote the interval for which hJ is a mninmm

The threshold of this RCVLD nethod, which is denoted
QRCVLD, maybe sel ectedto be a7y value in the range r/

tor/ , such as QRCVLD= (r/ +//)/2. 2.

Range- constrai ned wei ghted vari ance nmet hod (RCW) Let

rk fall wthin the range nOmo rhf- , and suppose that

the pixels of the RO are in tw classes G and C2,
Mélﬁmz)sfﬂrlk)el/(sz efr’)he background cl ass and

consists of pixels with gray |evels howto rk, and C2

i 4) betxédenote theantenyaldor whigls dnis a mlnlm‘qmsiéhe dfireshold of this

rRESADBisttocivibieh Reented Gans artay Reiselasioia he ey value in

t he ght ed pet ween-cl ass ria defined as:
qth@vWWeV@)to—’zmﬂg@% Mmﬂal? %%CZ 2))P, F 1 where
W and W2 are two positive constants sel ected by the
user and representing the weights of the two

I 2specRhNGe-ebASBaivad waligifted Vaiante @k@eﬂtﬁb@mwwyl ass
probablll y, i.e. 1 rhlgh Pr(Cl) = ah(i) Pr(C2) =

aL(i), and D(Cl) and D(C2) are given by: r th X Cl)

)?{A{%k'falmitm\nme 2r5@rom t6 P a8 duppotBih&the Pixdis of the ROI
are in two classes Cy and C,, where C; is pixels of the background class and
consists of pixels with gray levels riow to rx, and C; is pixels of the object class
and is composed of pixels with gray levels r+7 to rygn. The range-constrained
weighted variance method maximises the "weighted between-class variance"

defined as:

Orewy W, W,) = max ®r(C)D(C )W, + Pr(C,) D(C,)W,),

where Wy and W, are two positive constants selected by the user and
representing the weights of the two respective class variances, Pr(.) denotes
the class probability, i.e.

Thigh

Pr(C,) = Zh(z) Pr(C,)= ) h(),

=l i=n,+1
and D(C,) and D(C,) are given by:

D(C,)=(py — i Y'and D(C,) = (= pr ', Where s, = Y ix hi),

=Tiow

= iixh(z‘)and My = fhjixh(i)-

i=r,, i=r, +1

When W; is bigger than W,, background homogeneity is emphasised.

3. A‘ Range-constrained fuzzy c-partition thresholding method (RCFCP)



/"o = ai x A(OandA = a"x L(0 . Wen M / is bigger
than W2, background honobgeneity is enphasised. 3.

wkRasngesmenst rai ned fuzzy c-partition threshol dP@DSG2004/000403
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nmet hod (RCFCP) This third nethod is related to the
technique used in [7], and the justification for it is
as given there. In general tegns, |let Ab / Aobe the
fuzzy sets of fuzzy events "background/ object” (which
denotes a fuzzy partition of the set {r low,...,rhigh
with a nmenbership function mMA | mrespectively). The

A s SR
Rt 8 ﬁ?%? ntfbR, flrg% PRtk ]é_,"%t ?Q\,;Q&;ﬁﬁé G A €8s of fuzzy

P&ién%' %k@@unﬂﬂﬂ{;@ctw (wHIEh V@eﬁdt@s%‘“f&%ﬁ Fh?‘(ﬁ’:on of the set

?nstants and log(.) isS the natural |ogafi

r vpyE. A, with a mengbershipifanctorbar shi 8 résp@mvely)s Wb@babmty
defined as fol | ows: 1, rlow £x f£a’ (x- c)l(a -

cof thesa fuzzyGevents arefgiven byi gh and M 0 (X) (x -
a)l (c - a) a <x < c . 0c <x £r high The optirrum

D% 85 e e, T e R B s

c* )/ 2 ™Havi ng now present ed the steps of the
eﬂ’@@ﬁpﬁﬁﬂbnlcfarwe Bsicila®ed ¥& turn to an exanple of the

enbodi nent in operation. This exanple uses the form of
sSEp,,W,) =W, x P(4,)xlog P(4,)+ W, x P(4,)xlog P(4,)

where W; and W, are two positive constants, and Iog(.) is the natural
logarithm.

Let r,, <a<c<r,,. The membership functions can be defined as follows:

1, T SXS<a
My (x)=4(x-c)/(a-c) a<x<c

0 € <X STy,
and

1, : Tow SX<a
Hy (x)=3(x—~a)/(c-a) a<x<c .

0 € <Xl

The optimum parameters a” and ¢ are chosen to maximise the entropy

S(W;,W>), and the optimum threshold is 6., = (a” +¢")/2.

Having now presented the steps of the embodiment in principle, we turn to an
example of the embodiment in operation. This example uses the form of step
4 referred to above as RCLVD.

The starting point of the method is the image shown in Fig. 2, an MR
(Magnetic Resonance) image which is a T1-weighted or SPGR (spoiled



4 referred to above as RCLVD. The starting point of
the nmethod is the image shown in Fig. 2, an MR

W@ blgnet4bx Resonance) image which is a T1-wei ghtESGTNN/000403
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SPGR (spoi |l edgradi ent recalled acquisition) axia

slice around the interconmm ssural plane. This inmage is
input in step 1 of the nmethodg In step 2 of the

nmet hod, we cal cul ate the pixel's encl osed by the skul
(i.e. find the RO) using the follow ng steps: the
usual hi stogram based threshol ding nethod is used to
bi narise the axial slice; a norphol ogical closing

oﬁ'@déﬁﬂtdﬁca%ed@é@mﬁﬁ'oabrﬂ’FéﬁitSl@ﬁeﬁprg phe IDWéCQIHﬂWal plane.
d the hol
Sﬁﬁ%ﬁﬁa@% ﬂ’g}lygonen IEPL%%F{Hg%dTthresuFtl (rjlgesli(]

(the pixels encl osed by the skull) is shown in Fig. 3.
In step e two percentagegepero and pen are set

th
ostane oibe mmhgdswreec@%we. Paesl QiFigReambing skull (e find

CURCRATP ey RMIoRiP S the KADM F-GaraRoSLER threRholding

(ﬂieitlmdmtuseelltp tmqriseralheeaiial slhe aarmphd)lkigiaal Skasimgubdperation is

bl
7 e &opBbet Sl gad R bRl caachad prangnant & ddentified
%‘ﬂ% %oﬁ?%ﬁﬁm fHéecJ) ngénéﬁldbfeaﬁl%ﬁ THY FetMiAY R‘(ﬂsﬁthe pixels

t he procedure of the enbodi ment. The output threshold
oeénclogedvby thriskgl) is sliows in iigg@avent i onal techni ques to
bi nari se the image. The binarised image is shown in
Fig. 5. Although only a single enbodi nent of the

| V&bl nthBawodssiRe ARSI ;b@g,anaaﬁvyr,\aaéls@t 'a@nﬂ%féhd 28%. This
possi ble wi thin the scope of _the invention as will be
cselartionisdbased onpreviauscexperarents apdiormeerprins knowledge.

of the follow ng references is incorporated herein by
reference

In step 4 of the method (RCLVD), we select the shto be 1% (alternatively any
value in the range 1% to 5% would be suitable). Fig. 4 shows the histogram of

frequencies in the ROI, and the calculated threshold 8,,,,is shown as the

line indicated. This completes the procedure of the embodiment.

The output threshold of the method is used as in conventional techniques to

binarise the image. The binarised image is shown in Fig. 5.

Although only a single embodiment of the invention has been described,
many variations are possible within the scope of the invention as will be clear
to a skilled reader.
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(iii) obtaining a frequency distribution of the
intensities wwthin the said intensity range of pixels

wowdosisr4dhe said region of interest; (iv) usinECT/EE2004/000403
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said frequency distribution to derive an intensity
threshol d; and (v) binarising the image by classifying
pi xels in the said region of *pterest according to
whet her their intensities are above or below the said
intensity threshold. 2. A nethod according to claiml
in which in step (iv), the threshold is found by
deriving a valley in the frequency distribution within
tGl@imange, and selecting the intensity threshold to
correspond to the valley. 3. A nethod according to

¢ J _
the. t ordnrEE BRI o PR e otd b Beflidresgective
[ mtéﬁﬁyr\@m tienmhetiedcecompgsinge i ntensity threshold as

an intensity within the interval having the | owest

total jntensit cordln toclaim3 in
whi ch Enesing s KpgwdadEesona 1S Tane de e & fgion of interest

Ny@riRqi-nt of the interval having the |owest total
|ntenS|ty 5. A nethod according to claiml in step

(iv) the threshold is found by mnim sing a function

V\hl ch (i} usingupiartknavdedge iabouk theoimagdretd derives aniietensity range

8 BRI 4 R R TR 2 el ghted sum def i nec

based on two constants WL and 1V2. 7. A nethod

accor d(u:i)gobteurmhgrtanﬁréqwénoynduembunenrcﬁsaétmt@gsltuébemlthuthe said
t he possible va i xel . jntensity by an integer

.wmlty ranaepﬁelxelwglyeéhwé'd=lie@mﬁt:megeﬁy h(i), and

witing the |ower and upper intensities respectively
as (iv) using the said frequency distribution to derive an intensity

threshold; and

(v) binarising the image by classifying pixels in the said region of
interest according to whether their intensities are above or below the said
intensity threshold.

2. A method according to claim 1 in which in step (iv), the threshold is
found by deriving a valley in the frequency distribution within the range, and
selecting the intensity threshold to correspond to the valley.

3. A ‘method according to claim 2 in which the valley is found by
determining the total intensities in a number of intervals defined in the range,
and selecting the intensity threshold as an intensity within the interval having
the lowest total intensity.

4, A method according to claim 3 in which the intensity threshold is

selected as the mid-point of the interval having the lowest total intensity.
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Pr(Q = aA(0), and D(Ci) and D(C2) are given by: I|=h,
+1 D(CL)={/i - m fand D(C2)=(m - m f , where nt = £
/| xA(O, nD=£ /xA(O andnx= al ") . 8. A nethod
according to claim1 in which step (iv) is perforned
by selecting the threshold as a function of paranmeters
whi ch rraxi m'se an entropy function which indicates the

entroreJé a fuzzy partition of the pixels into
chassed mathed aecardiagpter aigimet & step Avhithethreshold is found by
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aand tbeve thdihrydhagd.t he cl assification of one or nore
of t he pi xel s by consi dering spatial relationships

tvveenth | ocations of the |aSSIerd pi xel s. 10. A
n’put‘@rmE'F arPrpauta C'@éﬁpg iy iwhichy 'F%@b‘f'ﬁl'sn@ wetghied sum

3@%7 S eagV%Féﬁ{)tHﬁfs' A)St@sed on the recording

y a corrputer systemto cause the
conmputer systemto performa nethod according to any
p? ecedAngethiad mc@jngAtcmiaim & irsyetiem fepresenting $beliing the
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Wit ang fhipe meewghteﬁ sureis gyenibyn of

Orcwy W1, W,) = max Pr(C,) D(C)W, +Pr(C,)D(C,)W,),

where Pr() denotes the class probability (Pr(C)= Zk:h(z‘)and

i=ry,

Pr(C,) = Zgh(i)), and D(Cy) and D(C) are given by:
i=’k+1
Thigh

D(Cy) = (/‘0 ",Ur)zand D(C,) = (ﬂl _/"T)2 : where ZI x h(i) ,

—nw

= Sixh(@)and g = > ixh().
i=ng, i=n+1
8. A method according to claim 1 in which step (iv) is performed by
selecting the threshold as a function of parameters which maximise an
entropy function which indicates the entropy of a fuzzy partition of the pixels
into classes based on the parameters.

9. A method of processing an image which includes binarising it by a
thresholding method according to any preceding claim, and then modifying
the classification of one or more of the pixels by considering spatial

relationships between the locations of the classified pixels.
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the intensities of pixels in the region of interest;
(ii) a processor arranged to obtain a frequency

waole@snstang i on of the intensities within the i nP@NSGL094/000403

range of pixels within the region of interest, use the
frequency distribution to derive an intensity

t hreshol d; and binarise the ippge by classifying

pi xels in the region of interést according to whether
their intensities are above or bel ow the threshol d.

12. A systemaccording to claim 1l in which the

processor is arranged to derive the threshold by

ddl.i vilgcampaer gyrogram hrodust eonrising tar irecerding wiedivm and

ipoteie AR HEMER oo TR AR dyeefable by 2

Cdoammtéz dysterii £ qaLeee s Icdrfip@er ady@esnt & fogHbrilnéa method

val l'e ¥determn|ngthetotal intensities in a
AsepEdingfo ARY BrecAdingielgiMed in the range, and
selecting the intensity threshold as an intensity
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pespectveriniensidy valugsdthecssysééradncludiagi nt ensity

threshol d as the m'd poi nt of the interval having the
Iovvest t i nte .15, A's stema car to.clai.

14" QuatigrstioBeria ddrevib iR AR 15 Setidt  sbBicSf Merest
Mﬁ‘é hﬁég’e BMd @p@bw élfre@;u@nt:y rasﬁg@wnmw BB frequdngy @isqﬁbut.on of
the variances of thhe intensities bel ow and above t

tthe dafeosities obpixalssipgheiegiopafdntegesto claim 15 in V\:hl ch

the sumis a wei ghted sum defi ned based on two

const y C t

o 0 Mo @ol Brrdued 9YGMEM 2 FRGHLAG, | LiEbatdh of the
vafensitiesfwithin ¢the intéegitd rfay\gbyofcmxelsmwm thencisyion oﬁmierest use
their respectlvefre uenci es and witin

ItBaelrequancypdistribufipa 19; derae a@sla&fﬁltvethgﬁsslgld and bi bmanse the

image by classifying pixels in the region of interest according to whether their
intensities are above or below the threshold. '

12. A system according to claim 11 in which the processor is arranged to
derive the threshold by deriving a valley in the frequency distribution within the
range, and selecting the intensity threshold to correspond to the valley.

13. A system according to claim 12 in which processor is arranged to find
the valley by determining the total intensities in a number of intervals defined
in the range, and selecting the intensity threshold as an intensity within the
interval having the lowest total intensity.

14. A system according to claim 13 in which the processor is arranged to
select the intensity threshold as the mid-point of the interval having the lowest
total intensity.
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hOw andr high , the weighted sumis given by QRCLW
(W, w2) =mac (pr(c .Wcl )*i+Pr(c 2Mc 2W2), where

worqosjpsdenot es the class probability (Pr(Cl) =pCBSCR@®m000403

"=1"" Pr(C2) = JEA(O , and D(Cl) and D(C2) are given
by: '=1+1 rMgh D(C1) = (ju O - mY and D(C 2) ={jui -
m f , where //r = £/c AO | =r Isw1lrhll nD =ai
XA(O andnx = aic h(i). 18. A systemaccording to claim
11 in which the processor isrranged to select the
threshold as a function of one or nore paraneters
whi ch maxi mi se an entropy function which indicates the
entropy of a fuzzy partition of the pixels into

sses based on the aramaters system .
AEordh RYSEH BRGNS 10PN 11 Fowiigh feviibesoaasds arranged to
@e@é&%ﬁ@&hﬂ%mwwﬁrmmlag%eﬂ;ﬁcﬂoﬁ PR T HR@in? %ﬂ‘fe"‘,?/ﬁl‘?‘ances
i mage fying the classes to I ch each pixel is
adfltbe mtenlsmgs belosi ared Bhgve theathrestwilps bet ween t he
| ocati ons of the pixels which have been classified.

16. A system according to claim 15 in which the sum is a weighted sum
defined based on two constants W; and W.

17. A system according to claim 16 in which, representing labelling the
possible values of pixel intensity by an integer index i and their respective
frequencies by h(j), and writing the lower and upper intensities respectively as
row and ryign, the weighted sum is given by

0RCLWV (Wx > Wz) =max P r(C1 )D (Cl )Wx +P T(Cz )D (C2 )W2 )

where Pr{) denotes the class probabilty (Pr(C)= 2h(i)and

Pr(C,) = ih(i)),, and D(Cy) and D(C,) are given by:
i=n +1
D(Cl):(/'lo_#T)zandD(C2)=(f‘1_/‘T)2x where Hr = ZiXh(i)»
=ow

= Sixh@and u = > ixh().

i=n,, i=r+1
18. A system according to claim 11 in which the processor is arranged to
select the threshold as a function of one or more parameters which maximise
an entropy function which indicates the entropy of a fuzzy partition of the

pixels into classes based on the parameters.

19. A system according to any of claims 11 to 18 in which the processor is
further arranged to process the segmented image by modifying the classes to
which each pixel is allocated by considering relationships between the

locations of the pixels which have been classified.



