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anal ysing an experinental data-set to estimate
properties of the distribution ("nodel™). In 5
particular, it relates to nmethods and apparatus in

whi ch a nodel of known functional formis estimted
fromthe experinental data-set. Background of

I nvention Many data-sets can be regarded as nade up of
(i)' data points obtained from and representative of
a nodel ("inliers") a N ta i nt,s which contain
no 10 information ab§§¥§hﬁéﬁggﬂéﬂggﬁﬁlﬁﬂlch therefore
shoul d be negl ected when paraneter(s) of the nodel
aFrld of e iaséntion ed ("outliers™). Existing outlier

renoval nethods operate by using all the data points
generate one or nore statistjical measures of the
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poi nts which are further than 3 standard devi ati ons
f BaskdroandofientibRe "I east nedi an of squares
algorithm (enployed in [2] and [3]) is applicable to
dat a- sets 20 conposed of points in a_two-di mensional
ety daiaiseisa b baegatind Aamasiasup of & e peimia@balged from
t Eﬁd ‘?é‘ﬁr%!sleﬁfatlbé RS WageD éﬁﬁl%f'sa} Qﬁd.t(g)eﬂé@ ;géih{sy whicht &htain no
nts; again, onc I's”Stri as ‘been

dmﬁ@mmtmdabmtrtgetmedelnamd evhieh thevefore shibaldbbelm Iécted when
are di scardefd The "l east tri m’red%é quar es SI gorit
s) pifhe

( BRAsIE ANedelareiia e estimated fostliagsy: cost

function formed fromall the data poi nts 25 and then
dEﬁ%ﬂh@'dl@théW?éMSf/él ﬁﬁétl%dg RPErats B dé?ﬁq reﬁ}s%%sdaﬂé ;F]omts to
e met hods

he mni nm sati on. three of thes ave
pg@mr@tﬁ tON&t OF Hagref §tatlstl©almmelasum3t bt therenjivet data-seft (e.g. its

0,
bﬂ]% ut ] {eﬁaﬁ h?rs SRS advis on3, 0% 8fthtelﬂeug|%tgathsé%e measures to

|dent|fy outliers. For example, the “robust standard deviation algorithm”

(employed in [1]) computes a median and a statistical deviation from a
number of data values and then discards as outliers all data points which are
further than 3 standard deviations from the median. The “least median of
squares algorithm” (employed in [2] and [3]) is applicable to data-sets
composed of points in a two-dimensional space, and calculates the narrowest
strip bounded by two parallel lines which contains the majority of the data
points; again, once this strip has been determined using the entire data-set,
the outliers are discarded. The “least trimmed squares algorithm” (employed
in [4]) consists of minimising a cost function formed from all the data points,
and then discarding outliers determined using the results of the minimisation.
All three of these methods have the problem that they fail to work if the
proportion of the outliers is greater than 50% of the data-set, because in this
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poi nts discarded as "outliers” will in fact include an
approxi mately equal proportion of inliers.

Mat hemati cal nethods are used in the digital signa
processing field to 5 characgfrlse signals and the
processes that generate them 1In this field outlier

is called noisy signal. A primary use of anal ogue and
digital signal processing is to reduce noise and
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generate a nodel for the majority one should elim nate
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val ues, con I nt erva nor mal ri but’
assunption, clustering, and pattern-based. In the
plmpammlngyc aésddrehers usmdypifioddhs basisffoo predicting behaviour and
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i inghadualgysopm Asusk ang srerificcapagbes@re applied in psychology,
some of them are threshold values, confident intervals, normal distribution

assumption, clustering, and pattern-based.

In the pharmaceutical field, researchers confront a lot of outliers and aberrant
observations. As usual, least-square procedures are applied very often.
Some other methods like Q test or Dixon’s test are used for outlier removal as
well [6].

Outlier removal is especially important in medical imaging, where outliers
generally correspond to abnormalities or pathologies of subjects being
imaged. An efficient way to remove outlier is desirable to enhance the
capability of dealing with both normal and abnormal images.



Summary of the Invention The present invention ains to
address the above problem |In particular, the

wOonvEnB#os makes it possible to judge whi ch darariscoms0231

10

15

20

25

are outliers by applying criteria different from
statistical neasures determ ned by the whol e data-set.
5 1n general terns, the present invention proposes
that nultiple subsets of the gdata points are each
used to estimate the paraneters of the nodel, that the
various estimtes of the paraneters are plotted in the
paraneter space to identify peak paraneters in the

par anet er f Ra e\} ?.nd the outliers are 10 identified as
dgﬂﬂ‘—%@@—g—gﬁﬁ—w&ﬂe not wel | -described by the peak
paranmeters. In the original data space the data wl|
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dat a are converted into par amet er space, par anmeters

cbvestipnmakes it possiblede dddap whishudaia poimte are oudiers by applying
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nodel determ ned by K paraneters, each subset shoul d
| east K data points to enable the K
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much nore) than half of the data points. As explai ned

bEARMetebhRacSdUETRsTRdstogemMaye qiliersd are typical ly
able to renmove (NNK -3) outliers froman i nput

g%%?g@%%%%ow HeRGirhed P I WUFARMRETLS each subset should

contain at least K’ data points to enable the K parameters to be estimated. K’
is the number that will uniquely determine the K parameters of a subset of
data points containing K’ data points arbitrarily picked out from the N input
data points.

Note that the subsets comprising only inliers will most likely form one cluster
— being correlated with each other in the parameter space — whereas the
subsets containing one or more outliers will tend to be less correlated. This
result is true irrespective of the proportion of outliers in the data-set, and thus
the present invention may make it possible to accurately discard a number of
outliers which is more (even much more) than half of the data points. As
explained below, some embodiments of the method are typically able to
remove (N-K'-3) outliers from an input data-set with N data points.
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figures in which: Fig. I shows the steps of a nethod
whi ch is an enbodi rent of the invention. 5 Fig. 2
shows the steps to derive a plane equation of the

m dsagittal plane (MSP) fromg6 extracted fissure
l'ine segnments by an enbodi ment of the invention. Fig.

3illustrates steps to approxi mate a plane equati on of
the MSP from orientation inliers by an enbodi nent of
t he. i.nvent.ion. F[i.. . 4 shows the results of

a ! by an enbodi ment of the

i nvention and the nethod proposed by Liu et al [1].
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| iRPSon. 20 etc. X is called the feature vector of the
i nput data point. In the errbodi ment, the nodel has K
i ndependent paraneters pj ()= K) and is usually
a Figingtillusirades Xstehdo rmmbxumatelaquimm eqmatiod (of) thgi MSP from

X + pk. basek
(ﬁ'eﬂf%'?g r&lg%’g@y(e]meim Od@e’ﬁroé%ﬁ]ﬁ\)ﬁ Nfidfct i ons of the
feature vector, X and the synbol "." represents

MFid.i1405hewes thnrestiitd &if e gg*rmmmu efierithBoidyeain embbawﬁent of the
WD 2004/ 034178 PCT/ SG2002/ 000231 5 equival ent to the

t daiengen;anehiher pfpd peopRspd ynkitlegtsal dil]. The boldkings repgesents
t % SRSt B tiSPhAsSFbn the embodiment while the dashed bold line

represents the estimation derived from Liu et al [1].

Detailed Description of the embodiments

Suppose the experimental data-set comprises N input data points. Each input
data point is any quantity or vector denoted as X. X can be a vector of
coordinates, gray level related quantities if the data originates from images,
etc. Xis called the feature vector of the input data point.

In the embodiment, the model has K independent parameters p; (j=1,...,K)
and is usually a function of X. The model is denoted as mod(X) given by:

mod(X) = p4 .base; + pa.base; + ....+ px basey (1)

where basg; (j=1,...K) are known functions of the feature vector, X and the

symbol “." represents multiplication. A determination of the model is thus
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For each data point with feature vector X;, a
correspondi ng nodel value nod(X;) can be cal cul at ed,

wohewn®3stzd, ..., N For inlier data points, X, pamsG2&2/000231

nod(Xi) are related by equation (1), possibly with a

noi se, whereas outlier data points are not related by

equation (1). The nethod proceeds by the steps shown

in Fig. 1. In step | a nunber zof subsets of the input

data-set is generated. Each subset 10 is conposed of

at least K (K 1is the nunber by which the K

paraneters will be wuniquely determ’hned in the Zubset

cont.ai Ni ny K  dat, i.nts f the N input ata |
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the subsets as M In step 2, r each of the subsets
t fiapgintsara net [glated by equaionsly estimated either by
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I i near equati ons. each su t yields a
respective point in the K-di nensi onal paraneter space.
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2004/ 034178 PCT/ S&2002/ 000231 6

In step 2, for each of the subsets the parameters {p4, ..., p} are estimated
either by least square mean estimation or by solving the K’ linear equations.
Thus, each subset yields a respective point in the K-dimensional parameter
space. Hence in the K-dimensional parameter space, M parameter points are
obtained from the estimation, with each parameter point denoted P; = (p+(i),
p2(i), ..., px()" . Here T stands for transpose. Each subset of input data points
will have a corresponding parameter point in the parameter space.

In step 3, count the number of occurrence of a parameter point (histogram),
and plot the histogram in the parameter space to show, for each of the M
parameter points, the number of subsets of input data points with the
parameters close to the parameter point. For some applications, the

parameters may need to be digitised with any digitisation method (for
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exanpl e, an orientation of both 1.00 and 1.02 may both
be digitised to 1.00). As the paraneters derived from

weaol/sudset of i nput data points will be di spcrisce@d/000231

in the K-dinensional paraneter space, a preferable way
to get the histogramfromthe distributionis to
specify the sizes of nei ghborhood in each 5 coordinate
of the parameter space. The ngi ghborhood sizes can be
specified by users or by any neans. Below a way to
cal cul ate the nei ghborhood sizes is illustrated. For
the j-th (j =1, 2, .., K) coordinate of all the M

paraneter points  of the estimted paraneters
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di t
CHFAERSS P O 5502 B detaq g, 0 e
an@ghl@mThopdrmﬁa‘fcﬁrthe?h%oo‘?dméte Ean’lbeihe mediaMof idif(;, for all t
ararret$r space |st nunber of 20 paraneter points

panging fropp 0 to M-Tpigrrtheapveriage af dﬁ@m& §Hbamn dscens, of the
p
i 5190 BRaH v, fresgos o e ot o e,
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par anet e St stF'ecif
f

S35 50 B U as o BferPRES Hitibo gl ahgingt smader dhan the
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hi'st ogram are cal candi dat e
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eraSRaRs M anodfi e beint & ShBy MURbeh &k poinis ok a given
Sar3metdA &n% h’tehgéall‘, 8S_ 2 \PRGHRSHAERiRePEpadEid tHéehumber of

par amet er
parameter points P = (p1, pz, ..., pk)’ falling in the neighborhood

|p1 = pa())] <A1, P2 — p2(i)] < Az, ..., Pk — px(i)] < Ak
This number of points is also called the number of occurrence of the subsets

of input data with the parameters specified by the parameter point P;.

In step 4, we find the peak of the histograms found in step 3. The K
parameters corresponding to the peak of the histogram are called candidate
peak parameters. If the number of occurrence of the histogram peak is
greater than a predetermined threshold, e.g. 3, and there is only one peak,
then we may take the peak as a good estimate of the true parameters of the
model, and the candidate peak parameters are called peak parameters. Note
that such a peak will generally be found when ét least 3 of the subsets
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nodel , and the candi date peak paraneters are call ed
peak paraneters. Note 30 that such a peak w ||

wqgemariakl7y be found when at | east 3 of the subBersGYD2/000231

2004/ 034178 PCT/ S&2002/ 000231 7 consists exclusively
of inlier data points. This is bound to occur when
there are at least K+3 inliers (so that at |east 3
subsets are conposed entirelysof inliers), and thus
the present nethod can cope even in the case that
there are N K -3 outliers. In the case of nmultiple
peaks exhibited in the histogram 5 depending on the
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are ludged to be inlier input data points. Al other

i pRNstidatg ek palieangtatsy evith Blep@ayinumerumbgiuef pecuitence as the
_. . : .
JBoAC St ARERLRAE. Lo, 1, Bfiggate peak

byaram=dersesith themaxehtmdntegrationass thd paak pasmaeters t
of the inliers. W now consider one specific exanple
of the nethod, nanely to derive the 20 mdsagittal

a o _ agt
D gl T S nles BAIH? [T RS SRl R BER EPERY follow
i equation (dr) ewithy pasaneters eqlall tai oraveryf clasetmitihe [pepk Prameters.
t fi.rst, step in spati normal i sation or anatoynjcal .
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regi stration; 4) helpful to detection of brain

asymmetry due to tunors as well as any mass effects

fl?lr st%baéﬂﬁé id?‘e"[ermine a best estimate for the parameters using only the
inliers. This can be done by a conventional method, such as a least square fit
of the inliers.

We now consider one specific example of the method, namely to derive the

midsagittal plane (MSP) from magnetic resonance (MR) brain images.

Determination of midsagittal plane of the human brain is

1) a prerequisite for Talairach framework [7];

2) the first step in spatial normalisation or anatomical standardisation of brain
images;

3) afirst step in intra-subject, inter/intra-modality image registration;

4) helpful to detection of brain asymmetry due to tumors as well as any mass
effects for diagnosis.

According to the patent application [5] entitled “Method and apparatus for

determining symmetry in 2D and 3D images” (International application

number PCT/SG 02/00006), around 16 fissure line segments are extracted
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PCT/ SG 02/ 00006), around 16 fissure |line segnents are
extracted WO 2004/ 034178 PCT/ S&002/ 000231 8 from 16
paral l el planes of the volune (axial slices). Due to
the pathol ogy or ubiquitous gsynmetry presented in
axial slices, sone of the extracted fissure line
segnents deviate greatly fromthe expected fissure
that should be renoved in order to get a precise

| ane uatjiqn of the MSP., There are t ki nds of
PUom 46 Sarelielignes Of the volumesladal i TReon e {6 ti gathology or

phBﬁ@itSb@ Ia%ir‘nfr;et p@s%nte%ixihré}&él ic&%,ss?%h@ dfitR€ extracted fissure

segnents ar omdifferent parallel axial slices an

t ey segmeentapgdedate tgpedthyr Miam phenexpedted Misguret they should be
shoul d have the sa orientation. Thos xthagt

r FStofed 1 fidet gt Releo Bha Hialipnng REEE: Here are two
Okin@BGHdANeratd repicva, A6., UrichiitRin Otliot Ahe prarkndutliBes. As all

rest of extracted 10 fissure |ine segments as
oeKieactad fisauranlinesegments aseifram diftareriparellelaxial slises and they

A ybPRRS E5 fein Shcape e AR Do Ind SR ey £ same
WotiBntakien! €Fiosy @ttiaeidt fisyurs nliner segmeatd dsigtirnefrom the
inliers. The plane equation of the MSP is cal cul at ed

bgxperted esientafipnare takemas orieptadiongutlierseanst higarest of extracted
i aLi . i.ent ati . .

PSSRy o8 EFARIG, oL 878 Sutagh s, some
degitacteddisbaleline BegmeRissinaysieviate fiohepa dxpedtad plane, and are

pl ane equation of the MSP fromthe. 16 extracted
fi%&?fie% ipﬁ@e ouffisenvdth e &Sé&fl%f“?%‘i“?rbma{@ﬁ difged as plane
otHiikl£r Li
DS e o g MRS 23 Gelchl-ART by I Syl oror
i §it obsilithatplane dilieFsr Bothi thet expented oriehtationeanl akpected plane

At datited, 50 dhs auoerselh Inyeion GRkeRet R o B Shows the

odtddselo ARV Blane equation of the MSP from the 16 extracted fissure line
segments. In step 100, orientation outliers are removed. In step 200, plane
outliers are removed. Following this the plane equation of the MSP is
estimated.

For orientation outlier removal, the model is a constant, i.e.,

mod (X) = 1

Reference [5] includes a detailed description of the orientation outlier removal,
but reference [5] can only deal with the orientation outlier removal based on
empirical trial instead of a systematic framework while the current invention
tends to provide a solution for the outlier removal of all kinds of models.

For removal of plane outliers, the model is a three-dimensional plane, i.e.,
Mod(X) = p1.X + P2y + PaZ + P4

where (X, Y, z) are the coordinates in the three-dimensional image volume. In

order to facilitate histogramming, it is supposed that
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tends to provide a solution for the outlier renoval of
all kinds of nodels. For renoval of plane outliers,
the nodel is a three-dinensional plane, i.e., Md(X
= pl.x + P2.Y + Pa? + P4 wherg (X, y, z) are the
coordi nates in the three-di nensional inmage volune. In
30 order to facilitate histogrammng, it is supposed
that WO 2004/ 034178 PCT/ S&002/ 000231 9 pl2+P22+P32=

P4>=0. There are 3 independent paranmeters for the
n’BbIeT P2’E&BH 'Sl]bee? & data will contain two

Ofherd gﬁé 8Mnd na e1°'||t &érén’ﬁéfe?s %F‘ﬁu’ésﬂn%éi E%Eh”ét?oéeﬁ’ of data wil

t hr ee- di nensi ge vol une). Suppose there
( sdntain W) oxerntatiominliers {dthree-dimeesienalt poitsts i ghre@ dlmensmnal

et SR, SEPPERe BhOEratNRIP15= 3B ARt kiE. Gefer to

| Ald. €3 JoPitR& stapsarw Vet Mlard @ufidr® driy %aéélcdlbfé the plane
subsets (step 201). There are altogether N (N -1)/

dBﬂlﬂ%tthh@ftQ@d\éSFs 2) Calculate the |east square f|t

? 2 f&ﬂ:ﬂ: Lgféﬁ% 0@3?&%%333?&1 Uﬁséﬁyé%'egtéltgmg) to form all the
speckhyseatg ($tep 201¢i Tdrerdre attogethes NN’ mmb@ffegar@ slibséts.

rrai Q%fﬁtg@s%h%#easﬁ @qmet@@rﬁe égt?%t,!prz@&@;%hnww gstep 202);

t to,th k 1

IOgf and p srtﬁ%;:ﬂﬁj@?eﬁ?gggghé(d%%e{pg ggaoufl ibgr S'peeﬁylng the
subs ee@hibbrhdmi sizgd ehpy Ipeingdet,q,0.(1 pds 0F2and ba 11B8step 203);
p%i E 4 ?h% g\timlpipaqa;ooﬂ%h O&gétggua{rg&sgew %4) and denote the
| p3- Bgrdrﬁ&eils oM ﬁ?ﬂ:’cﬂwdlr?glto t(PnsTbéa Rﬁ SHRESES

are considered inlier subsets. t'ation
i B) i dudge thdsaledbdais asyoutlien ﬂd)semsk nfdhesruﬂam parameters (p1, pe,

|08 25 B0 g B e RS R PBAE * ©"
[p4-p1*[>0.1, Ip2-p2*[>0.1, |ps-ps*[>0.1, |ps-p4*[>1.0
The rest of the subsets are considered inlier subsets. Those orientation
inliers included in any of the inlier subset are judged as plane inliers. The
rest of the orientation inliers are judged as plane outliers (step 205).
6) Finally the plane equation of the MSP is the least square fit of the plane
inliers (step 206).
Efficient outlier removal is a key factor to deal with both normal and
pathological images in medical imaging. In the case of extraction of the MSP,
the method proposed by Liu et al [1] uses the robust standard deviation, but
still the inliers may have a scattered orientation instead of the dominant one
which corresponds to the maximum peak of the histogram. The next example
will illustrate this. The method proposed by Prima et al [4] uses the least
trimmed squares estimation which can tackle at most 50% of outliers while the
embodiment can yield an outlier removal rate (3 plane inliers — 13 plane
outliers out of 16 data) 81%.
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wahnbi4mBerns outlier renoval is a key factor to #eaiSGesino231

bot h normal and pathol ogical inages in nedica

i magi ng. In the case of extraction of the MSP, the
nmet hod proposed by Liu et at [1l] uses the robust
standard devi ation, but 25 stjdl the inliers nay have
a scattered orientation instead of the dom nant one
whi ch corresponds to the maxi nrum peak of the

hi stogram The next exanple wll illustrate this. The

| he |
TRl et 48 1ReS aTtplemit TomRiSeH thigh o JeRfted stomely correlated
S8%pglts %\#é'év%f Iébl‘éhv\)h%nt Qlelea%m?@ﬂ? nRAt= %r]gbfér%' Qr@Bé%sent (the

outlier renpval rate [ane inliers -
otgqurenseqftthepeak Qihmt\’:)tldmwi% bendo 2@@41@143)7% othe_,r words, the

ST AnEhaR G, 808 SatelAtoyl. ved) WBH tidiasare N-K-3

ap@tiiersai | abl e when at least K +3 (K = 1) inl ! ers are
present (the occurrence of the peak orientation wl|l
be no | ess than 3). In other words, the present

wggwé;@'éxg rt@@ oﬁﬁér{eﬁ&@'@é&é&&'ﬁ%ﬁ@b@@ﬁgﬁt 6f tRisSihVention

darﬁd ﬁ'reeresﬂltummon troleustrdigndardrdevidtionhas uls@MGU}I Lighet al [1] is
%e result based on robust standard devi ation. as

$§9iu et al [1] is illustrated. 10 Suppose the
orl entations of 11 extracted fissure |ine segnents are
50, 35, 30, 23, 17, 13, 11-, 11-, 11-, 11-, 9

rSlsmnHa thel grieratomedf 41 efrackel fisglre I|nleSség?nelﬁltl@,Obrbh@oo 35°,
O:Hf))s? tandard deviation is 4.45. According to [1],
?hr@e, 1§ng‘!1es1a‘i5d1° 1°, S6)reawedtively. JTbegﬁadnag of the angle

S5 AR SISl B FEARS B [fony r
Oéng?élé %50‘0'35”336? wifl b@ﬁ.l mgégfa%'?htl%gs S-Wéé W@ﬁebrbsttff‘r‘leﬁlon of

invention, th par
orientation will be 15 8°, and the average of the inlier orientation is 13.25°. By

the method disclosed in this invention, the peak parameter of the orientation is
11° by specifying the neighborhood size being 1°, which is the dominant
orientation. Note the number of outliers is 6 which is beyond the limit of
existing outlier removal methods, so it is understandable the existing methods
will not able to remove all the outliers. The embodiment takes 11° as the

inliers from the histogram and the number of outliers is 7.

References
The disclosure of the following references is incorporated herein in its entirety:
[1] Liu Y, Collins R.T. and Rothfus W.E., “Robust Midsagittal Plane

Extraction from Normal and Pathological 3-D Neuroradiology Images,” 2001,
IEEE Transactions on Medical Imaging, 20(3), p173-192.



10

15

20

110 by specifying the nei ghborhood size being 10,
which is the domnant orientation. Note the nunber of

woubd4ie#s8i s 6 which is beyond the limt of eRCSSG2@?2/000231

outlier renoval nethods, so it is understandable the
exi sting nethods 20 will not able to renove all the
outliers. The enbodi ment takes 11 as the inliers from
the histogramand the nunber of outliers is 7.

Ref erences 25 The disclosure of the follow ng
references is incorporated herein inits entirety:

[1] Liu Y, Collins RT. and Rothfus WE., "Robust

M dsagittal Plane Extraction from Normal and

Pat hol ogi cal 3-D Neuroradi ol ogy | mages,"” 2001, |EEE

Troansaghi 0 )
s oEha gpc%é"‘\%%% oogg'gd'lwal"f%[g(é? M ang E%'é%%mm removal

Lﬂ@@ﬂthﬁ@,ﬁ 1903, Aemlipaar boage\ Pragessirgs f\ &Deugh@my E.Br, Astola J.,
l,gOoAi t Nonl i near | nmage Processing
ugﬂ@rlgyéf:e(%g] plz%? Longbot ham H G eds),
p77-87. 5 [3] Bab-Hadi ashar A Sut er D., "Mdtion
Esti mati on using robust statistics” 1996, Techni cal

ReYbor t BRetisrliaghar A N§Hé@ﬂrD uMotien Eslimatipayusintg BBt statistics”,

ga rs
L5381 TeBhniCel, Féndrt IBCEE: 004, SAShEE PRVSRTGT Slavion stes,
|Aagbealla. 2002, | EEE Tr ansactions on Medical |mging
21(2), pl22-138. 151 Hu Q ngmao, Now nski W esl aw,
"Met hod and apparatus for determning 15 synmmetry in

2f21and i gag r R i i.on. . .
ng] PCEI' '/:f@(aB @32?816%&'5(”5?6?@/%(1] ?Pba?r? u]téﬁ;% ecffa{all.'le. Pnldsaggnal
" Paaatint 30 i brairc ihagéstt i2002, IBERNBramsactidriscah Metial iweaging |

a es >, 1993, VCH Publisher Inc. [7] Lancaster
Jg?(%%@[%' Lanki palli BR, Downs H, Mayberg H, Fox

[5] Hu Qingmao, Nowinski Wieslaw, “Method and apparatus for determining

symmetry in 2D and 3D images,” International Patent Application no. PCT/SG
02/00006. '

[6] Hadjiioannou T.P. et al., “Quantitative calculations in pharmaceutical
practice and research”, 1993, VCH Publisher Inc.

[7] Lancaster JL, Glass TG, Lankipalli BR, Downs H, Mayberg H, Fox PT. “A
modality-independent approach to spatial normalization of tomographic
images of the human brain,” 1995, Human Brain Mapping; 3: 209-223.



20 nodal ity-i ndependent approach to spati al
normal i zation of tonographic imges of the human

wonrei4v34178995, Human Brai n Mappi ng; 3: 209- 223PCWWG2002/000231

10

15

20

25

2004/ 034178 PCT/ S&2002/ 000231 12 dains 1. A nethod
of processing an experinental data-set conprising
inlier data points representative of a nodel and
outlier data points which areqpot representative of
the nodel, to identify which of the data points are
the said 5 outlier data points, the nodel being a
predeterm ned function of K unknown paranmeters, the

hod conprising: generating a plurality of subsets
h—'ﬁ’é data points, each subset conprising at | east

K' data points, where K is the nunber of data poi nt's

whj ch AWnéihodf‘cbebt@bdséiWQ ah @xEém‘h@ﬂtdﬁd@t’é@@?&%ﬁnﬂﬁg inlier data
for,  each subset estimati ng | par amet ers of
¢

nBeiBfs rea@wnfqﬂmgostanea 8Rd ouiiar idstai pointse which are not

o Rt B ot g ey e BF LB a8 it s the seic

dauiaepdata poinits, ctheanedelobeing epprsiztémiingg fahctidre ofMRdghknown
as defi.ned base eak paraneter values 15

cB?@é’F&Sﬁd '?%'Ti h%‘éPgmpﬁé fon. 2. A method according

to claiml in which each of the subsets conprises

exact | yersrating aoﬁlufﬁ]ft}? dfhaibsets doiKthéjac?aeE @bﬁ‘l&f edch "Subset

mathod accordln?(tocalmzln I ch
se@vprigingiat feast K’ (detes poists, avhigre poisnths rwmbgemfedaftaepxd)mts which

o QT LR TEE e K ABRefS Dased on i stogram
analysis, including the follow ng steps: 1) generating

al | thbrpaehlsbbsets&tmnaw@embs( aRIMétaes OF fheRHbdeat a
poi nts, vvlth each sai d subset having sanme nunber of

dat a p {\fs and containing at |least said K data
poi nt s9epiying fAblgasbrnsdpertiamisets paampters space at which the

estimates are clustered; and

identifying as said outlier data points data points which are not
representative of the model as defined based on peak parameter values
corresponding to said location.

2, A method according to claim 1 in which each of the subsets comprises
exactly said K’ or more than said K’ data points.

3. A method according to claim 2 in which all possible subsets with at
least said K’ points are generated.

4, A method according to claim 1 in which the said peak parameters are
identified based on histogram analysis, including the following steps:

1) generating all the possible said subsets from the N input data
points, with each said subset having same number of data points and

containing at least said K’ data points, the number of said subsets being
denoted as M;
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2) for each said subset, calculating the K paraneters

wofode4w8i d subset as a respective point in PO®/SEa00d/000231
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K- di nensi onal paraneter space; 3) plotting a histogram

of the said paraneter points; 4) finding the peaks of

the said histogramand finding the said peak 5

parameters (pl*, p2*, pK*) fregall the possible

candi date peak paraneters which are paraneters
corresponding to different histogram peaks. 5. A

nmet hod according to claim4 in which the said

hi st ogr in the sai| - di, mensi opal paraneter ac .
s obt aBhedf eat S8 apse). cAguaing SRS PRkl Of the said
nei ahifehaed Rsp6ctiverhARCR the 3aK RafifeRsiohARpardfidler space;
paraneter points 1n the said K-di nensional paraneter

space, or 2) deriving the nei ghborhood sizes fromthe

sai d M Bar apiating pdisiegram af theesaid paratetienpeditsnal

par anmet er space automatically using said data points.

15 6. A net ; r di cl.alm: ] - .

wni ch: B 1 ARG RGr 8 FSR] oh st el BigtoStanf bl Fheid the said peak
hi stsgraaoteds (e, saitd .parpetetfesmpallintte pasdibidecaalidate peak
nunber of occurrence is not |ess than 3, alld}ge sai d

par ahEEICtYS WhichwaiginRremeterai ePTFRSPGREBIh &b & preBk histogram
t he id candi date 20 peak paraneters are taken as the

sai d cluster location, and the sole candidate peak
paraneters are taken as the said peak paraneters; 2)

i 6.t heematirodraceordingntoosiainpdaik which ke saidihistagregy she said
of the i d araneter points,.either (i.) the said

par ame e MENSINALPErATES A shags b amerihes BY

occurrence is taken as the said peak paraneters and

al |t hogg adisetIpdcifpngims aeighdoricodéizes fh Eaeh sabflinate of the

nei ghbor hood sizes of the said peak.
said parameter points in the said K-dimensional parameter space, or

2) deriving the neighborhood sizes from the said M parameter points

in the said K-dimensional parameter space automatically using said data
points.

6. A method according to claim 4 or claim 5 in which:

1) if there is only one peak in the said histogram of the said parameter points
and the said number of occurrence is not less than 3, all the said
parameter points within the said neighborhood sizes of the said candidate
peak parameters are taken as the said cluster location, and the sole
candidate peak parameters are taken as the said peak parameters;

2) if there are more than one peak in the said histogram of the said
parameter points, either (i) the said parameter point with said maximum
number of occurrence is taken as the said peak parameters and all those

said parameter points within the said neighborhood sizes of the said peak
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WD 2004/ 034178 PCT/ SG2002/ 000231 14 paraneters are
taken as the said cluster |ocation, or (2)the said

woaoEmeigs point with maxi num sum of sai d nunber/sch002/000231

occurrence within a neighborhood are taken as the
sai d peak paraneters, and all those said paraneter
points within the said nei ghborhood sizes of the said
peak 5 paraneters are taken4as the said cluster

| ocation. 7. A nmethod according to claiml in which
said data points are categorised as said outlier data
points by: 1) identifying those said subsets with the

id t int P bei | to the said peak
par RAGTISEr: 2o ke R ps g Seid uster laating: S0l il pBrameter
10 p@ht Skitles nikimfiRl | Suth Naf | f8GUALIMDePS of i RUUrARIRAUADhIn a
)PI* - P,%lm)l <= Al, IP2* - p2(i)l <= 02, ., JPKF - _
PK(ngighkerhaodaTe tokandamthe phidgoeaty paranktets, ansbakhthose said

[ pefflet, ot inh "Psc el pPIhBORAC SR, SEURE o pea
| nppdradiadterspariertiken as tieithidedlustet Reatiomt s. 15 8. A
net hod of estimating a nodel from a data-set

nprising, the said,. injier dat oi nt's representatiyve
%1? t hé\ 9 mOdar?&C?%”%a*Od QRim igr#‘dleﬁC'bﬁg'fjs dajghi peints are
ar e nobid sed et id 88tli%ﬁd5%e;i:6m% y: the method
conprising processing the data-set’ using a nethod
according to any of clains 1 to 7, and then
dot identifyigg thusersaidusubestsrwitiothet $aid padaetesipaintt Mdeing close
ideptified.said iniier. . data .20 points. 9.
oot 400, SHE Pofl ARG, S5, iRs ey ichEling to whether P,
dat aag&les theTBI0vAEhGthddifiifes SinhiHan@bug@t @ poi nt's
representative of a nodel and the said” outlier data
poi nts which are not representative of the nodel, the
nodel |Beirrig()l d& i red —pp(Dk<par.anelperspriitlet=eAiland a

052 LG e D et T ST S sy
a plagran irtligr dbtes poiseanddilettifgindahe rpsi oft Said N GhpRUEREtpoints
as outlier data points.

8. A method of estimating a model from a data-set comprising the said
inlier data points representative of the model and the said outlier data points
which are not representative of the model, the method comprising processing
the data-set using a method according to any of claims 1 to 7, and then
estimating the K parameters of the model using the identified said inlier data
points.

9. An apparatus for determining, among an experimental data-set
comprising the said inlier data points representative of a model and the said
outlier data points which are not representative of the model, the model being
defined by K parameters where K is a positive integer, the apparatus
comprising a processor arranged 1o perform the steps of:

generating a plurality of subsets of the data points, each subset
comprising at least K’ data points;



conprising at |least K data points; W 2004/034178

PCT/ S&002/ 000231 15 for each subset estimating the K
woaoamiigss of the nodel; identifying at | east POTSG2002/000231

| ocation in the paraneters space at which the

estimates are clustered; and identifying as said

outlier data points which. are not representative of

5 the nodel as defined based peak paraneter val ues

corresponding to said |ocation. 10. An apparatus

according to claim9 in which said processor is

arranged to generate said subsets as subsets which

each c rise at least K da oi nts. 11. An
appar afggga‘éé éasﬁfﬁ%ﬂlﬁt@%ﬁﬁﬁ@@%mﬁ?@ﬁé&em%% essor
is arranged to generate all possible subsets each

Wi th ai_tiehﬁf?ﬁfg & le@8t 8n8IOEKtN th2the/PardRRASAT 8iSace at which the
according to any of clainms 9 to 11, further conprising

nesdindates are slustaiedn@nd he paraneters of the nodel using
the identified said inlier data points.

identifying as said outlier data points which are not representative of
the model as defined based on peak parameter values corresponding to said
location.

10.  An apparatus according to claim 9 in which said processor is arranged
to generate said subsets as subsets which each comprise at least K’ data
points. "

11. An apparatus according to claim 9 in which said processor is arranged
to generate all possible subsets each with at least K’ data points.

12. An apparatus according to any of claims 9 to 11, further comprising
means for estimating the parameters of the model using the identified said
inlier data points.



