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WD 2004/ 098407 PCT/ AU2004/ 000471 METHOD OF ESTI MATI NG

THE SPATI AL VARI ATI ON OF MAGNETI C RESONANCE | MAG NG
WORADHOMREFQUENCY (RF) SIGNAL | NTENSI TIES W THI PCBRAIU2004/000471

OBJECT FROM THE MEASURED I NTENSI TIES I N A UNI FORM

SPI'N DENSI TY MEDI UM SURROUNDI NG THE OBJECT 5 Fiel d of

the I nvention The present invention relates to a

met hod of estimating the 10 spatial variation of

m&&%&g@g ‘E%;ﬁﬁ-ﬂ:ﬁ%g e E Eﬁ&%rggﬂfﬂﬂo& o8 wAGEtzc

w&&-ﬁﬁﬁ'l = TMaGT Ofﬁ@-, 4 M.EPNTENSITIES
B i IN A UNIFORM

i el it o vt

fat surrounding the liver 1n an axial inmage. 15

Background of the Invention The clinical applications
of nucl ear magnetic¢c resonance imging (M) are

j ng into the 20 quantitative
nmeasur enent of the physical and chem cal properties

n rocesses of t.he hu Wher uantit.ative.
R PHeRn TR A behed T T, ¢4 idGing the
3pmﬁmﬁﬂant trerastbant f@ﬁfthemagneeiq of ressteowent al imaging
t r
%Eﬁseﬂ@f e orr Bhesu SR SPEEFECS wbEhid AT ECk £rom
Ji ceeaperag mﬁﬁgéatlgs B 13 cunafompéptlan&e%lém Heedium
Mfd@{dﬁﬁg | ¥Be Idﬂﬁ@&ger@héh essCOoy | BHEI R@YRtbheous fat
ati al vanﬁﬁﬁ:i in .radio fre uenc% (RF) signal
% RGP W Ragl. 2K6AT dRP¥Brnities in
magneti c resonance signal intensity are 30 caused by
0 | nst nt al bj ect effects, as perceived by
.é ol ST 1 0enf é€ in "Standlng Wave and RF
Penetration Artifacts Caused by Elliptic Geonetry: An
ﬁhé%ﬁ%ﬁlﬁf&%@' CaﬁB@h%étf'oﬂé Mﬁ% ) ,ndé%%rﬂ ﬁagﬁe&ensr@@onance

J(rftaee'rn;:r?é 35 (HH3) ?hn%‘?ﬁ al Pépﬂé‘@fs§lvﬁ VUdeeW\“ﬁé?éneé%o the
diarexti 4 it O N, med M -Irftor rad | eshd N pieeLicdNg &0l | chemical
senS|t|V|ty 8BEeC&§ad|ent fle%d %99 currentsbo\ghllstWhere
quantltatlve information is extracted from the image data,
it is important to account for the wvariety of instrumental
effects that may perturb the parameter being measured, as
well as any erroneous effects presented by the object being
imaged. Of particular importance are the multiplicative
inhomogeneities contributing to the spatial wvariation in
radio frequency (RF) signal intensity within the image. Non-
uniformities 1in magnetic resonance signal intensity are
caused by both instrumental and object effects, as perceived
by J. G. Sled and G. B. Pike, in “Standing-Wave and RF
Penetration Artifacts Caused by Elliptic Geometry: An
Electrodynamic Analysis of MRI”, IEEE Transactions on
Medical Imaging, Vol. 17, No. 4, pp. 653-662, 1998 (ref).
Instrumental effects include inhomogeneous RF excitation,
non-uniformities in receiving coil sensitivity, and gradient
field eddy currents, whilst measurement object effects
include variable RF penetration and standing wave effects.
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i ncl ude vari abl e RF penetration and standi ng wave
ef fects. WD 2004/ 098407 PCT/ AU2004/ 000471 _2 These

WO ni0af03840y vari ations are detrinental to the necmAngfowo0o471

conparison of image intensities in separate parts of
the image, and nust be corrected for if accurate
guantitative information is2te be obtained. Methods
that can correct for 5 the effects of the RF si gnal
intensity gradient are thus an ortani ar ea

dﬁ?ﬁﬁﬂs%tﬁf Q’@éﬁﬁtﬂspﬁvérmﬂet ALDSTER t%ftlﬁﬁ% é“e%ihbng ful
m@iaﬁmesefngnta@@mm@ssm@ beﬁn saemeltepeshitd hof the

t t f th 10
e ThECRORE, Ha (A SO RERh: a4 s, i ative
h SoussEdrhbyid . thbe'Crmbjl;ai\nedA %Ehods Betgoatgn Aetect for

%2% %e%]t% 'tﬁ/e I-%ng %P{ff eaq@&(r;%%ﬂ;/lare thus an

ImpRITEeh Gnep @(fr ﬁ@mal@@mfae#: lﬁr auﬁnt:iLE,g'eéve MRI.

segrrent ation in -MJI", Conputerized Medical 15 |nmaging

and aphics, Vol. 25, pp. 379-389, 2001. Pre-

Ppr’ﬁ%”é%% YigOf eBRAT GRS MRRE THATESEI"on {IIHEHSSr diftq been

dévelttqmemﬁﬂustmaﬁmneo pdid>ﬂtfectt0 fmﬁstmienemtﬂeil tWeriation

Qobj.ect r.study.to estlmat 1nh eneitie

Jtrheﬁ%,:s% dg :Lnilt_%n te\4 WJtlhl'lelSI'le h?] nkgglr%%tlﬁeassured as
diygriwsded) lacdourd. f@mow ey 20| n'h}mtﬂmg‘éne]B@I@@tJ PARAM. Laval-
PERSILAL PN PLES&H edy b%t%PQd§Ctan@%n%é9§9§ﬂeantet in

Post - pr'ocessi ng techni ques atte torectif
‘Gt Bethed BE esefhar FRgIEHRCY e dRPOPPEEREE YT Wé’elféﬁ:lon for

Istmal gjlrstsfﬂil tsxégWehBaﬁlbﬂe D) @mI”frnga@abc%ésuae@f Medical
obj ec [ IS ena
bt ancos BoaoBitar Wilependertbor R Sb% cROQL.  Pre-

;inrrcasessur@etaﬁhm:L@mels asvewdldcuessaib] @ct thepersdentrement of

ﬁrﬁc?gg r?emféjcgﬁ %ﬁtéﬁgp&%xi& e'&;ﬁ t eaéh{r&ﬂé'ﬁ{i YE Wb Nopject
e assu ion b
poder pﬁ’m@sﬁm@atemmeq@é@ ﬂ@hpmageﬂﬁéth@ﬁ uRi tlee kY yfield.

mdwdRFer S| GR&Le | PEERASE LYoo DB 0RT tyREEd vt &R dudW for the
spatial 30 freq uenc:égcorrponent thradoughout the [

Q%eltaﬁﬁ o&eh tR?ft%“tﬁariﬁtqqquWﬁ%‘h%% Enéﬁ%ﬁ egbject
BEEnd hﬂﬁa@@@edpowpmming cosclatidquss sethesms: thetrectify

SFBLOL LIBRSRTRgL NI FRIDTRRN £ ) LBISEHE of cne n
signal intensity within the object £from analysis of the
object data set itself. This enables both correction of
object independent effects, such as bias in the RF field, as
well as object dependent effects, such as signal intensity
attenuation within the object. The assumption behind most
post-processing techniques is that the non-uniformity in RF
signal intensity may be attributed to a low spatial
frequency component throughout the image. A number of
approaches to estimating RF inhomogeneities are thus based
on intensity correction schemes that employ image smoothing.
Homomorphic filters are predominantly used in this situation
as they account for the low frequency signal intensity
components without altering structural boundaries. Other
post-processing methods are based on structural

classification techniques and intensity surface
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as they account for the | ow frequency signal intensity
35 conponents without altering structural boundaries.

W@Re/0984pDst - processi ng net hods are based on sPeT/AUA03/000471

classification techniques and intensity surface WO
2004/ 098407 PCT/ AU2004/ 000471 -3 interpolation. One
post - processi ng techni que fo the estimation of RF
signal intensity variations within the human head is

rth .5.particular reference. The nethod by B. M
%Ol &pol-r’l Zi jdenbos, and R A. Margolin, in
"Correctlon of Intensity Variations in MR Images for

C%grp ded STl 5 uet?gnzi‘f‘&ué' Cgayh th'el!zggglmatlon of RF

a ctl ns onl\/b|ca magln%F No. 4, pp.
78 11N9QYBL U oYRT S GL RS | Wi el GRengugagohead 1s worth

ﬁéﬁﬂhcﬁil%tre §€ké£‘§n§é‘rf&%% tReflRb@r @gceapomnt SOaMdrdi N A. P.
the white matter of .the hr.ain and

PRSI 89S FrPacdBY nestJrIPmt“E&PrBPCF%nR@ feofptensity
\mﬁfatl:eansThe inavaMRabiIndgeof riefrer ecomppoentsidadt herissue

rc}/atlor{’he Iﬁéﬁaglgnsafiossaccc{ %"HéalorI % é):l.béaﬁ. %%Qﬂfd vol.

correcfl onsur f'aces ensity varues “of
Poi nig. ade @xtr apol-at®ld 1993t heonppebsi Of rigit@amedating a

h,qﬁirmpc’lateg F?QHE@ the eS| tbViddkRlenidRe pdachyi %‘i%hﬁﬁ the

m sl a g reference pqints sel ected

b
WikEre REtREheF ofhe efEBdRcedBOi nEQ P bER Fnc?%%%’&olated
dHyradéd sHte drasdddigattioen bechrhguerrFTheoibi nppbeike. The

S surf thenflttedtot reference
ST ETD LR harer ey e Bre e REF TPy ppe the
imdgep al satdron:ialh & oraiol teil mingt gondoﬁothectnoensulrflaces , SO

J?%{él’?é:letg O{féfﬁéé Ol s te?g@i 19%%1@595 %E gcﬁ:@%%%ﬁ a't:%dt tI"itom the

no neasured to j ust
ineedar apof e meksity Tefedire t;?faﬁs u‘é%n%%tlt‘fﬂety of the

PEEhPhGLY €6 EH@ ReadapgilveAgt Rt Adersdi@lpoints selected
|nten5|tg/ ra ient is not known at these peri

el eT=aa qfs eﬁﬁ?giecgplﬁg @a{;hb§ héncreased
15¢| &Cth.QBuéf cllhes:thci:zﬂtinnat ecsphldee s ur]ﬁacehim—pfoaﬁedz spline

%%h}?%é?%? Zi%r\%ﬁn rglq:ncSI X 3(11,h%r %%If%@ehce pggﬁbs B{? €the method

I ne SUI‘ ace may
of least-squares rather than by interpolation.

The main limitation of the intensity surface correction
technique described above is that there is no measured data
with which to justify the extrapolated intensity reference
values at the periphery of the head, given that the signal
intensity gradient is not known at these peripheral points.
Further, there is no physical basis to the selection of the
thin plate spline surface to model the RF signal intensity
gradient. As such, the thin-plate spline surface may not
adequately account for local wvariations in RF attenuation
throughout the object being imaged.

It is to be understood that, if any prior art publication
is referred to herein, such reference does not constitute
an admission that the publication forms a part of the
common general knowledge in the art, in Australia or any
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adequately account for |local variations in RF
attenuation throughout the object being inmaged. It is

W o00bm9s4nter stood that, if any prior art publiPEr/AT2004/000471

35 is referred to herein, such reference does not
constitute an adm ssion that the publication fornms a
part of the conmon general -#now edge in the art, in
Australia or any WD 2004/ 098407 PCT/ AU2004/ 000471 -4

. In the clains which follow and in the
5$£§%d§§%g%e cription of the invention, except where
the context requires 5 otherwi se due to express

iﬁnQHégng{er&ﬁﬁéﬁrfbii@%'&ﬁ&'P@ thérﬁiéﬁﬁﬁhn% description

onpri se” or_variations such as "conprises”
o% oFRi SRVGNTI N usRECTRC aRPHR | ERE verReRkle, TeTEired

@ﬁl@éhﬁrilset age pt@S@;a_@@e@é 1deged §é esh f@@éé’é@&nﬁ UmpPication,
esence por addltlonhof furt

FRa Pt Re footmnrs o °0n Rrtar hot ot ot YiomStaee” ©

Eb@mprysnﬁgthbsInye@tlmnamtlmslmmlméjs@m$ae Dfet heo spec1fy

%%ﬁa%séﬂg ngfogh% £@¥&d gtu%é UE&999?€ to preclude the
I g he s i Ar®Variats on of

PE@@@&@@ eor n@@dn‘gm@d@ of Fegleec yt @ﬂn}r@ ghal various

LALEAShERES oW LhEN; AR-0Pi &¢t from the neasured

intensities in a uniform spin density medi um

surroundi ng the object. Once the estination has been

Sbth Pedof t iy BeeritSiesh i n a variety of 20 ways to

- conpensate for the spatial variation in RF signa

intensity within the object or to sinulate imge
ot eesan i gsjesubjecit tihe pereRlendi gnakenicabenspt provide a

X8Lha3h! ORSe @ﬁﬁag%lq{ni%ﬂeos &iRheSan Ea‘t%ﬁnbkoﬂa&ﬁﬁﬁfc

'S prOV|de estimating the spatra
aPPRAneR bragdmatadl ofresmiensye Bﬁégﬁﬁ@nﬁédFEtGHSlthS

M@Hﬂﬁn&ﬂ &Bﬁic@m o @fesishiresl 1Wtbhgmt§esobhe§tumfom
from asure S|gnal |nten5|t es@g unlforn1sg|n
SRR | ASASEH T SR Seoobices 4 OReenER
é@ﬁnmasi@@ héﬁ)b@énudbuainmdnaqnabycbeeaeeanﬁﬁ amageiety of
agygbégcéompensate for the spatial variation in RF signal
intensity within the object or to simulate image intensities

subject to the RF signal intensity variations.

According to the present invention there is provided a
method of estimating the spatial variation of magnetic
resonance imaging radio frequency (RF) signal intensities
within an object from measured RF signal intensities of a
uniform spin density medium surrounding the object, said
method comprising:

acquiring a magnetic resonance image of an object
bounded by a medium which is of essentially uniform spin

density, on the length scale of resolution of the image;

formulating a semi-empirical mathematical model of the
spatial variation in RF signal inténsity within the said
object; and,
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bounded by a nmedi umwhich is of essentially uniform
spin density, on the Iength scale of resolution of

wo b@4iopsge; formul ating a sem -enpirical mat hePEl/AT2104/000471

nodel of the 35 spatial variation in RF signal
intensity within the said object; and, WO 2004/ 098407
PCT/ AU2004/ 000471 -5 fittbPng said nodel to sel ected
measured RF signal intensities of said surrounding
medi u obt a| iy andeeat i.mate. of the sgati

| yariation
of rraggr1t1flr<19 FEsShAIEE S g SRS SCF&di BFF Hﬁgaﬁﬁ(wé‘f
mtgermlum$rtsﬁ tdeds] witrtrionndaing obféun. t6 Fpedtnabhyestimate
t f_f |2t i a e
S P o o P T hEGRERLE SR bheRLe inpaing
@mremmmu (RF wistralt Reteppést egonpEhsessaid object.
| ocating a plurality of points in a plane of said

i mage .10 which are national considered to act, as
%5%%?@4@ StEP O é@%ﬂbﬁsftgg( Rerdi Aght epmpirical

mae&mm&whctzm asodfIF ofecdievepatpailntratiathoed, in RF signal

fornmul at i S rofile of .RF S|gnal intensity
TS a# é%ﬁ%'rE%%@beFECEaFSmBFaﬁg of said inmage
r el atleoeating theplswiad iRF odcpodstsponnasplenef ef aphyd image

W &h Rid %1631" a1R9/ '&%% @ﬁ%r%acebeqcenaéaa arent receivers

surroundi n um re erably said spa I al )
ehtRhsTtgn %ﬁﬁhQ¥Q¥§a¢6ﬁﬁuF§€€6r?ﬁ RO aannBY WRFehver

Pevigles, a gancentric reduction in RF signal
Intensity with increasing distance fromsaid RF

receiver points. 25 Preferably said reduction in RF
signafoimmkﬂtﬂng/a:spa&dmﬁubabédl&soﬁaRanighelsmeensity

V&ﬂ}?aﬁr)l];sea( r om Eﬁq{t sal %a%@akégggig?sgé%dmﬁggé nféfgtc‘i‘p@ to

the said RF receiver points.

Preferably said RF receiver points are located on said

surrounding medium.

Preferably said spatial intensity profile is formulated in a
manner which provides a concentric reduction in RF signal
intensity with increasing distance from said RF receiver

points.

Preferably said reduction in RF signal intensity is
formulated as having the same rate of reduction in signal
intensity with increasing distance from all said RF receiver

points.

In one form of said model, said spatial profile is
formulated as having an exponential reduction in signal
intensity with increasing distance from said RF receiver

points.

However in an alternate embodiment said spatial profile is

formulated as having a reduction in signal intensity with
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30 In one formof said nodel, said spatial profile is
fornmul ated as having an exponential reduction in

W@ 2@aaps40T ntensity with increasing di stance frpoT/aa2a4/000471

RF receiver points. 35 However in an alternate
enbodi ment said spatial profile is formulated as
having a reduction in signak6intensity with WO
2004/ 098407 PCT/ AU2004/ 000471 -6 the reciprocal of
C%%Sgéél £5§3 ng%%%%%Fg% %E%FEé%% % Eﬁ?gaﬁgcagve£ p01nts
mth@@atwoalchnﬂmi pcsver's formul ated as: N -R
/f.(x-xn)Z+. f(Y77 AX, A1l 1,,e n=1 where x and y are
i mmge coordinates, I(x,y) is the nodel of_the spatial
Prekaseply p%lrch%er@f Qs TR ad] gashemytisal neodabinber
obrifr des@iyer points, In is the estimated signal 10
intensity at the nth RF receiver point and is to be
determ ned by the f é)gl n Pr@qﬁa‘duf,,émRynzs the rate of
decay in signal |n(tx r} %/"vvlth di st ance from sal d RF
receiver oints and is to be determ_ned th
YRETT g OB RIS, 1TA9e (S9N R S8 tT|(€fnY6f l’FhEhﬁtlﬁo‘ﬁ?-l of
tE@e$pEW1aﬂﬂiﬁtenﬂlﬂyspﬂmfxﬂelbfpﬁhetRBPSQF?EDE Nt bs REhe

e n an ree_. 0 | ity 1o
FREELESE TR My muS: dhat S PE et v e ol
m’ce@astmgaidutmemcé RY omcsm\obnR@crnemeuam 1Sp<b:onﬂoe and
&étéﬁnﬁ?e@%}?rﬂﬂ@%&)ir%;h%fdc@dh% P&OSEdHBE réPe of decay

Pr ef er ab y sai d sel ect measur ed
1At ehErdt ety S8 55 @%aapené%p%rsaéﬁgﬁ& receiver

p@iﬁt@léﬂdlﬂs res pec ldae rfiadcaloy! ithe $eg8BAGSpPbcdBure, x,

1°5- oL 06 S AR e mL e BatLer [T T

position of the n®® RF receiver point, and f is the degree

of ellipticity to the concentric decay in RF signal
intensity with increasing distance from said RF receiver
points and is to be determined by the fitting procedure.

Preferably said selected measured RF signal intensities
comprise pixels of maximal signal intensity in respective
radial line segments of an image of the surrounding medium
(hereinafter referred to as “selected pixels”).

Preferably said method further comprises connecting said
selected pixels by a line.

Preferably said method further comprises deriving from said

trace local maxima in signal intensity.

Preferably when said magnetic resonance image is acquired in
an axial plane said RF receiver points are located at the
local maxima in signal intensity of the said selected pixels
from said surrounding medium.
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25 Preferably said nethod further conprises connecting

said selected pixels by a line. Preferably said
woreaohooB4bur t her conprises deriving fromsaid PECHAE2004/000471

| ocal maxima in signal intensity. 30 Preferably when

said magnetic resonance image is acquired in an axial

pl ane said RF receiver pointd are |located at the

| ocal maxima in signal intensity of the said sel ect ed

I xel s fro sai d .surroundi.ng v 3 in
‘%6%% &6%06‘2 Zr?lres"l?anﬁ?et% %%i VS wggiTe
said amgabt pii:anesbhanseldnﬂ@e:ails naaoqmar gich i siigrssl dintensity

[ 0 I I i.n n it
S e P e 2R R PRk B AL
Preferably said local maxima in signal intensity

Bied £L e sati&nicsé@l SR £GEL 01 R XBhSa B el NCoRSi &) aibL 88nined
val ues_for the gnal |ntenS|t|eS|n of .the s

Id RF
Ferm; GBE FOACSSRn WE1S0 A ¥4 197 nGeprOLRALFE LU for the

Freher abhyes@ithidd t1] RE peeetiii® RNctaseisraerpodmg an the
iniéi%irtiestirmte the rate R of decay of signal
n

Tt Vn%qrﬁ)c(ﬁ arice fromsaid RF receiver poi nts

determ ned by: locating | ocal mnim anongst said

LSt er i .
SECELELP LSy | BRI e eRhotly | gepiving an
Fetlizbkrepoimte wthtihyy Take NRaPEsEetadtaPt i oMah Apgensity

Hrl £ | 0 Bh @xX o tdaald HirgR@lceliRbensbltd e&ébferﬁi&ﬁé‘@ by:
as a functjon of the di,stance fromth

ecei VS i Goth TG AOPREGnBRL ReSebPeE RS Piels in @
thataer 2€oms 18 tentc aristtr datedntiaathensbfnabidnlieosl tiyamima;
the position of the said RF receiver point to

determ ne an estimate of the rate R n of decay in

si gnaforneaabi RY weckigest m@tawatfmmnwm reflesF local

Igglﬁfthnééfegﬂg'f‘i%tﬁ%cahc%ﬂ%ﬂ&ﬂﬁﬂ ayegAge Ohiddiity decay
curve as a function of the distance from the said RF
receiver point to the signal intensities of the two local
minima constrained to the signal intensity at the position
of the said RF receiver point to determine an estimate of
the rate R, of decay in signal intensity with distance away

from the said RF receiver point;

calculating the average of the estimates of the rate of
decay R, in signal intensity with distance from each RF
receiver point which is to be used as an initial estimate
of R.

Preferably when the magnetic resonance image is acquired in
the axial plane the elliptical contours of the decay in the
RF signal intensity from a given RF receiver point have
their minor axes approximately normal to a plane of an RF
receilver coil element of an MRI machine acquiring said image
of said object in closest proximity to the given RF receiver
point.
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decay Rn in signal intensity with di stance from each
RF receiver point which is to be used as an initial
wedosps4e7 of R 30 Preferably when the nagnetPCI/AU2004/000471
resonance inmage is acquired in the axial plane the
elliptical contours of the decay in the RF signal
intensity froma given RF re€eiver point have their
m nor axes approxi mately normal to a plane of an RF
II?r,ec if/%coil egent of .an MR maé: ne. ac uuln?q 4 in
Hape B30 o ibh; TR T oA o Y %‘éulre
ghaera}ﬁlélr epdiavner thei nengVIRR0GHAABEIE of each of the
/ 9&&4071}1‘8 018 tﬂjé dﬁ@éﬂ?' n“@k‘f@ I%g‘] tiﬁtens:.ty
res ance inmage 1's acquire e axia e t he
Bl tlee aRT grieeeiver Relbcofis determinad c%@laa@menﬁ@ said
ofatde decay in the RF signal intensity fromthe RF
receiver points is determned relative to said 5
trace. Preferably the angular alignnment of the major
W@Sembmethél bhghuaal addkihokhs @ff tiiee dagqyri axéhe of the

si gnal |nt mthe RF rec pomts
SRR PR o O S50 1Byt 11 Sngensity
ﬁ\tcmlouhekelmereom‘e@c hodreces v@atepmmeciarndelatttm ngp  said
{chévgg{f urthest positions fromsaid RF receiver
poi nt which said trace of the selected pixels
passeeen g t“ﬁ@ﬁ@é’r kesnel en eRehwRAJBRCREYAE| pPoint and

ﬂmdlrlg% eakCcuh | Eﬂrtﬁ@s@n@o%l‘ﬁflohbe fide Ba§§CtR‘anrecelver

ur hest sitions r ve to th coro
Botie 2B urhor Pl o WFRdSvPRe e SFHadT S UL dapsses
ohreail Bfe 26 imeteiry ert m@bnﬁﬁnﬁowdREEnﬁiﬂe ahé,
angul ar alignment of the elliptical contours of the
decay in the RF signal intensity fromsaid RF
receu@@lcprwﬂtrsg i sha sgaaee ofi ndeav kénaebisectingsssaid two

EhAPndSc RbSE! 81 dilk W1 @ B eher eewn&@ ep1hhe.

magnetl C resonance 1 mage 1S acqw red in

Preferably said window kernel which is centered on said RF
receiver points to determine the angular alignment of the
elliptical contours of the decay in the RF signal intensity
from said RF receiver points is a square window kernel not
less than 13 pixels in width.

Preferably when the magnetic resonance image is acquired in
an axial plane said model is formulated as:

I(x,y) = ilnen

n=1

RYG=x0)?[11 7.c05" Byt fsin® 0y Jr(y=ya)” [1/ fosin® 0, 41 cos® 8, P =3 )(y=pn)[1/ £.5i020,~ f5in26, ]

where x and y are image coordinates, I(x,y) 1s the model of
the spatial intensity profile of the RF signal, N is the
number of RF receiver points, I, is the estimated signal
intensity at the n*® RF receiver point and is to be
determined by the fitting procedure, R is the rate of decay
in signal intensity with distance from the RF receiver
points and is to be determined by the fitting procedure, x,

is the x position of the n*® RF receiver point, y, is the y
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an axial plane said nodel is fornmulated as: N -R
(x-%,,)2[1/f.cosZO" +fsinZ9.-(Y-Y")Z[1/f. sin'

w®2eei0e8R80" +(x-x")(Y-Y")[1/f.sin2B"-fsin20,, ~PCT/AX200%/000471
_Y1l,,e ,1=1 where x and y are inage coordi nates,
I (x,y) is the nodel of the spatial intensity proflle
of the RF signal, Nis the -30-nunber of RF receiver
points, Inis the estinmated signal intensity at the

egei yer pehntra ete e
EP(B%BU ngr!‘L érgjgc\éé ur & Fsl}t Céaslyg e%g%mg:é fWi|En@s%né%lﬁfee of
ehlzemtsmytm tto di Shanceoteemtr e R@d@,@%r ipoifEs signal

fi@geﬁél\‘%f Ba cghet %&@5@1% tdl‘astfanfc“e' NG HH0GBMEIT &F Xyeceiver

Is t

f
PRLEFR G 200U RSO SRS PTRETERADH0R P B0A T F hoborbeeatfe, and
gosit OEhQ.f é&@;ﬂﬂ“ BFSLERELNCT POl e Tnd £l NG,0807 B8 tne

el l'pticity to the Concentric reduction in
gllgmtlcaht epsteyr wie hthacdessivngnditdicartie $igmal henRensity

EBGR1 MBE nPORRL Se8BMl,d S 5{5&1‘?@ mﬁe&?rﬁﬁé“%x%hatlhﬁlane

fitting procedure, and 9n is the angul ar alignnent
of the major axis of the welliptical contour to the

despyrably heaRE wiogledl dpdensl t ynténomy hpratfmel: I(x,y) is

with th I
EEftedchartulaithel ERERIEIS Bt TESe sSlSifid txets £rom
thetreeldimm ther daveigey ithtee mdijteices fofr bbelmemepaedmptgeisatlon

bEom "EH&U”%b‘%rdebbEglhheaI?blgé‘E e ORYE MUAL  spatial
pararf‘éterlsatlon birain an estimale

VAT kel @path AF Sigriadt iievw ans iRy shgruphPHEeRBPt gbject.

t hr oughout the obj ect. 15 Preferably said nethod

further. co esdt a RF spati al
B PenBah AT et bl o, Gome2blts “prgernining a ®r
spgoeil c aitetsemaam&)ri n@g@ﬂﬂteensmtheswmt:hl ntbhereacdle the

ob eg w t
BRUTEF Lo PR RS D PLARESPRLAL i OLLR L8 LB B oms e
azacﬂd ﬁmswmmlmnaet emlrml swaiefli | eralrsaﬁepm anedRFbySlgnal

Q%M&H%Deyt%@@ﬂd@g e RRisicnal intensity profile
I(X,y

Preferably said RF spatial attenuation profile is determined
by dividing the estimated RF signal intensity profile I(x,y)
by the minimum or maximum value of I(x,y) within the region
occupied by the object.

Preferably the spatial wvariation in RF signal intensity
throughout the object is be minimised by dividing the image
intensities within the object by the RF spatial attenuation
profile.

Preferably said method further comprises, when the magnetic
resonance image 1s a spin echo image, providing an estimate
of the image intensities within the object at zero echo time
by dividing the estimated signal intensities within the
object at the given echo time by a percentage remaining

signal intensity expected within the surrounding medium at
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by the m ni mum or maxi mumvalue of I (x, y) within the
region occupied by the object. 25 Preferably the

wa@paiiogd4ovari ation in RF signal intensity thrpCyAU2M04/000471

the object is be mnimsed by dividing the inmage
intensities within the object by the RF spatia
attenuation profile. 30 Pret@rably said nethod
further conprises, when the magnetic resonance inage

Eﬁe %f @ 5&@ tﬂﬁ9%¥h 9%&96H%1%EP8 Ehggtgesﬁat E a ratio

S
ensities w e object “at zero ec
99 dny\dqr@lg@gt treotamt | pivd d@r@né;ly i ereeiad egofwitttia nboundlng

hb8i 3r Pbi gLtvat 'f(t’ h&},&w&@n esh9 bih ngpm éeﬁ@f&‘?néﬁﬁécted of
e

remalining signa ensity expect within th
5%?r%%h@¢%gl%&&ﬁ%nwat WO 2004/ 098407 PCT/AU2004/000471
the given echo tine and then d|V|d|ng this result

o of h r.o pr ot on s
g%‘e?wéa%%so NI IR S Legsh g a ULACoRg: bansverse
splnxdénsmtya&spemuﬁmum th@eobbpettﬁnmmﬂa skries of spin
et sai 0 aI m
gr%és%@?égs e &3 %?o%fra %%ﬁ§ Jec%uﬁgl%g medium
@brdeﬁf@¢6%©l¢thﬂﬂwmQSﬂages ach|red of the obj ect and

surroundi ng nmedium at different echo tines. 10
Preferably when the nmagnetjc resonance jmage jS a spin

BERbeTraag e hen BhAuTRIRC LT t RRPORIMGR | YRIRsthP t ﬁ%m echo
eshyapt €8iaf methedi fageEnEAt Cﬁﬁpfi@és whéhimdp the ebiesdtes of

Php aRATP o FarHl b it THE. T 00 B CWRGr EoPReooR0 time in
thei wafleslateodetad ninegsVeose arsparactdn reites iwEgein the
gf) '§89f ﬁéi‘edﬂfl@t 'egrﬂlinﬁthgea%%' R IRI& r FETd e§p1n echo

era neti ¢ resonance Image Is a
EERS ¥N§QQW39§ ﬁhR¥QQ' STUFIELPBI bint bR {FPHD ofecs dimage

syrfegndi ng

Preferably when the magnetic resonance image is a spin echo
image, the transverse relaxation time of said surrounding
medium is significantly greater than the spin echo time at
which the image is acquired such that there is negligible .
decay in signal intensity throughout the medium from zero

echo time.

Preferably when the object under consideration is the liver
said surrounding medium is a layer of subcutaneous fat

surrounding the abdomen.

Preferably when transverse relaxation rates are calculated
within the liver from a series of spin echo images the
subcutaneous fat is used to estimate image intensities
within the 1liver at zero echo time to assist 1in the

calculation of the transverse relaxation rates.

According to the present invention there is also provided a
method enhancing a magnetic resonance (MR) image of an
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mediumis significantly greater than the spin echo
time at which the image is acquired such that there

WO g00amg840i bl e., decay in signal intensity thrPCgioed/000471

the mediumfromzero echo tinme. 25 Preferably when

t he obj ect under consideration is the liver said
surroundi ng nediumis a | ayet! of subcutaneous fat
surroundi ng the abdomen. 30 Preferably when transverse
S8l @xatéQmFal f5gare calculated within the liver from
a Series of spin echo imges the subcutaneous fat is
used to estinmate inmage intensities wthin the liver
SHtIZBEDNSCHe 1heidD MsSimdgéd ot hehe Ghad@t i on of the
transverse relaxation rates. 35 According to the
present invention there is also provided a nethod

%%ﬁt%%g%% a tffe@P ?@ﬁactih/asowamﬁat(igﬁ) bfageaghetilc Wresonance
, AU2004/ 0 1 .object. conpr.i.sing: . .
BRTa1T9 nbodi01 FrETarTRR Ak de SoPee ol tid within the
s et ifmgnt heespatedl R¥ars ignah dhtemgnéties refomanceiform
i i i e - . Si i i-ties within
tHRY' G4 ALY nCA B RO ATidi g I OBtER I £2 ot D
uniform spin density medi um surroundi ng the object
ByquilPiR§aHi Maded iFRGREIdrad®soNMEE birge bRttt bounded

obj ect hounded . a mediumwhich.is of .essentjially .
 RomFESHmn Ok (58 SbnSPRETFSAYLK SeAETar spin Yaensity,

oeschatlangoh $twle naferesoluntdat i thesetmagepiri cal

mat hemati cal nodel 1(x,y) of 15 the spatial variation

in RF signal intensity within the said object;
formithgt SAY d ansRall tenpsdl icale dnaveaeip ebcqE Bpgral I(x,y) of

+HE CRYAIQ OfasHhBi SHI HAUNG NG 1RANUM A 0eWd! & NvWARhin the
20, estimate of the spatial variation of magnetic
$RLBNAAE.CT imagi ng radi of requency (RF) signa

intensities within said object; and, utilising the

Ef%%ggéeds%g%Fi%mﬁggiaEEonééléﬁééagn%éasured RF signal
intensities of said surrounding medium to obtain an
estimate of the spatial wvariation of magnetic resonance
imaging radiofrequency (RF) signal intensities within said

object; and,

utilising the estimated spatial variation in RF signal
intensity to rescale the initial MRI image by dividing the
signal intensities of the image object by the RF signal
intensity profile I(x,y).

Brief Description of the Drawings

An embodiment of the present invention will now be described
by way of example only with reference to the accompanying

drawings in which:

Figure 1 is a magnetic resonance spin echo image of
the abdomen of a patient with liver iron

overload acquired at an echo time of 6 ms
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25 intensity to rescale the initial MR image by
dividing the signal intensities of the inmge object

whyooloe84RF signal intensity profile I(x,y). BPCEAU2004/000471

Description of the Drawi ngs 30 An enbodi nent of the
present invention will now be described by way of
exanple only with reference-® the acconpanying

drawi ngs in which: 35 Figure 1 is a nagnetic resonance

spin echo image of t he donen ti W th
liver iron overafrba éfcetﬁ)ﬁelbcr gc&ogt %aﬁn%egﬁobspﬁemsf 6 s
WO 2004/ 098407 PCT/ AU2004/ 000471 12 and a

Fepetition time of, 2500, nstrai:éegurc?f 2 Shons. A v\#f}%@l of 5ignal

maxi mal pixel signal intensities determ ned
layer of 5 subckRtaRedUs qFat dsteFBIRRA nyithén i ver Jtayer of

a width of one plaRluddledute ﬂ%lsﬁfﬂrddhdlﬂggblﬁﬁa Liver to a
Figure 3 shows the |l ocal_maxim i,n al |n ensi t

10 determ ned frotthe & aO&r PifE ma Phal thEi x@?¥leﬂt in
signal intensitimsdne Ai;gure 2, which correspond to

the positions of the RF receiver points. 15 Figure 4
illustrates the manner in which an angle en of a

Feyere aXi s of arsleivd pthealocaht paximpo irhestpwaly intensity

the RF signal in&ansitihed I epbA %H@ntﬁgcéeC&V%@m 2I8ax1mal

point is determpned relative to the coronal plane
fromthe trace diiHe ThSidal lnGegHEitigntiehsiigwse 2, which

throughout the sithetdspite@ls td atthd i gL HiAENOVSE @ the RF
sel ected RF recejver. Vp0| nt from 25 Figure 3 and the

two nearest nei gHtssuriTrg PABER: mi ni ma;

Figure 4 illustrates the manner in which an angle g,
of a major axis of an elliptical contour
to the decay in the RF signal intensity
from a given RF receiver point is
determined relative to the coronal plane
from the trace of the maximal signal
intensities throughout the  subcutaneous
fat;

Figure 5A shows a selected RF receiver point from
Figure 3 and the two nearest neighbouring
local minima;

Figure 5B shows the intensity of the local maximum at
the RF receiver point and the intensity of
the two nearest neighbouring local minima
plotted as a function of distance in pixels
from the RF receiver point and to which has
been fitted an exponential signal intensity
decay curve for the determination of Ry;

Figure 6 shows the result of fitting the model
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Fi gure 5B shows the intensity of the |ocal maxi num at
the RF receiver point and the intensity of 30 the two

woearnost40nei ghbouring | ocal mnima plotted as BCT/AU2004/000471

function of distance in pixels fromthe RF receiver
poi nt and to which has been fitted an exponenti al
signal intensity decay curvE3for the determ nation of
Rn; 35 Figure 6 shows the result of fitting the nodel

WD 2004/ 098407 PCT/,AU2004/ 00047 spat i al ,
intensity profil gz‘:*ﬁ&%@%ﬁ?#ﬁ Jps%%gr%% (9f eiflpy ylecay in
fromthe RF receidaral pointensbtyhefirpmge thet erRH t i pgceiver

of selected pix&ls,wi tiy netde; subeutaneous: fat %‘g Selected

obtain an estinmate of ttﬂé.s atral” varration 1n
si gnal intensitp¥mbughBithine Fhger SUpCUtRESeaS enfat to

in Figure 1; Fi gdesin Ak d&t shove the sié NseehPal Mgeiation

of Figure 1 before 10 (Figure 7A) and after (Figure :
7B) reduction of*tHe W%%n“aﬁlt?r?’ﬁ%%i%mug out’ the liver
non-uni form ti esof tth@usHioidnt hien |FMprrevils; t he

estimated spatial variation in RF signal intensity of

Figure 6 (with the contrast enhanced to 15 accentuate
Frageedi T4 e¥ et exh)ow Filggirso8) séohs andgye exporieseyal 1 before

transverse ”agn@_il'g?ﬁ:té ofpdesay SEENE tf‘i%@fjet@Bf heeduction
signal intensity wwthin the liver for a, 20 pixel p _at

posi tion (xp,yp)°lofthdeRpabient! LRLEPGUFE Popfypiformities
seven different Sptdugcha itRge Ieastr eeant Sthel okkedmated
as a function of the spinecsl}lotirre,%(viththﬁ. e £
estimate of the®SH T al V& gHato mters t - Hidhi AetFRsLity o
25 liver at zerFipheetiétne (atiithi xehe pomirttir@stp enbanced to

included as an agdid{qnale ddy ifl fifi€ences) ;

Figure 8 shows a bi-exponential transverse
magnetisation decay curve fitted to the
signal intensity within the 1liver for a
pixel p at position (xp,ye) of the patient
in Figure 1 (for seven different spin echo
image measurements) plotted as a function
of the spin echo time, with the estimate of
the initial signal intensity within the
liver at zero echo time at pixel position p
is included as an additional datum in the
fit. Also shown 1s the expected signal
decay rate within the subcutaneous fat
relative to the RF spatial intensity
profile value I ((xp,yp) at pixel position
p.

Detailed Description of Preferred Embodiments

As explained in greater detail below with reference to the
accompanying drawings, in broad terms embodiments of the

present invention provide a method of estimating the spatial
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fit. Also shown is the expected signal decay rate
wthin the subcutaneous fat relative to the RF

wa pattiogd40T nt ensity 30 profile value | ((xp, yppCEHAU2004/000471

pi xel position p Detailed Description of Preferred
Enbodi nents 35 As explained in greater detail bel ow
with reference to the accomhnying draw ngs, in broad
ternms enbodi nents of the present invention provi de a

net hod. of est ti.n he spati.al QQ4/ 98407
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abpectt he dEitecmineda ndfimer REomsicetiznr widimitsheare located
%tfﬂe ofp3dde BF Lele6id 0kl ehemat s Eﬂe %eometry of

gnetic resonance I mager. produci ng | mages
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cons i detedretd So@fndth@namgm reuteisgerl poahtsnaswhhep are not
g&%u%f%) H:p?: %S 10405{@3}16% Eﬁ!a @{%@8 t?ec?tlon coil

simlar appearance 1o t%e pOSI |on
elendRtRF Ccfet sbei ohmager | altenaist sloThlel ees esttiigh for the

ﬁﬁ?ﬁbééé” tyr ohachenBE i kagei M@&efﬂuﬁ’%' MHSrd S 22S8URBHEahRially
dimnish in a concentric manner W t i ncreasin

8181 hAE e SPPEATEAES poPNtidie WPPRL EHRNHRGr 88 fe KF detection

ebil pél@rhéxytsadj ugte ddd@tiore dedistite vsicgnalf kthteRrsi t¥ceiver
g‘zé\ttern .throu %:? t he  medi urr%surroundl n(ge t he obj ect.

DERi $Sedf FG QLT RTShotfit & P e i oSat &g With

fhereasing distance from the points, with the degree of
ellipticity adjusted relative to the signal intensity
pattern throughout the medium surrounding the object. To
this end the RF receiver points may be located on the
surrounding medium though this is not essential to the
present invention. The sensitivity of each RF receiver
point is also adjusted relative to the amplitude of the
signal intensities throughout the Dbounding medium. The
resulting semi-empirical mathematical formulation of the
decay profile of the RF signal intensity throughout the
object 1s then fitted to selected signal intensities from
the medium bordering the object to obtain an estimate of the

spatial variation in RF signal intensity within the object.

More particularly, in the following description, a method is
described for estimating magnetic resonance image

intensities (as illustrated in Figure 6) within an object
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25 surroundi ng nmedi um though this is not essential to
the present invention. The sensitivity of each RF

WO e@ei0ys3n7 point is also adjusted relative to PEEAU2004/000471

anplitude of the signal intensities throughout the
boundi ng nedium The resulting sem -enpirical

mat hematical fornul ati on of-the 30 decay profile of
the RF signal intensity thr oughout the Obj ect is then

% %egstg gleg! 8¢ S| ﬂﬁeﬁf & 0157'2\‘3 TBAHB the

erlngt e object tain a
spatial variation in RF §|ng@@11 |1mt@3ﬂ§mtyf vxﬁlinhmreth@ within

PR: eGoj a3 NRSetBQEthﬁ¥|@ﬁEytxinlhgﬁrﬁﬂéheﬁﬁn%nd/or object

description, a nethod 1s_ described for estimating
%5%% c rERmeled fayelvies eFSNLrésI( asTRPNGSE Fategonance

ééguéﬁ Binha t bbhe @@ opbp ect §ﬁ%£@@&ﬁ&984ﬁf a medlum of
PCT/ 4/ 000471 such .as a er [(j?: %d b
Erour Jsf'" R s hal Epr?ﬁ’p i éfpatng 9§r BeFoRTPHE Yy a
Sageal of Mdmsitanddrisgfier A2 .wW Bhisemitkepdbieal d8thbabtical
ﬁ8§%feléo E%%&Eﬂg%ghabfaQ%% %§§E(§¥ v§¥1é%¥6h %?QRF gignal

nvol'ves acqut ri IC resonance
oftensl bhj ebthim @m@rmm @ycqnwetdnl@y the surroundlng

ﬁééfﬁﬁ'f@|éhd“%ﬂi3ﬂnfﬁﬂﬂ1d&?ﬁﬂkyobﬁéeh as, thﬂkamples of two
provi ded by a_ |ayer of subcutaneous fat 1

2.
BRRTF L SWAT | Befle it Hetral ¥ ¢it Aot o s Bk n%ﬁa%ﬂ%?l terms,
the &@d&e&alpx\camcms ofiot N aRfresdudilon i n&msuhy mﬁﬁhd’iilar an

the re enco sed by the roundi n di um .

SPEOUFTLIET O CHBCLIRE oy Hor 10| Chfs grhas ity witn
pacteaslzy dpsl‘eémscarewpyofufdmdnl@ellow&lbmomrtsgmr%ﬂ‘ signal
LELOE t’:l i Ney noded o QY '%e%sf Q‘E{Earre‘é@‘i?rbkogelﬁﬂg BBy within

€art|c ar an exponentla ction In
he e SSIEPURRLng meskieasi hey- dTBe Ao 3&%‘91V$36n@ﬁéﬂfcéna'll4 are

POEAEtSA Oht Ritnl drRla1l Snd:eGePt bPNalsleehebhe bt dndSsured RF
"RF r celve 0|nts 14") within the.surro

ndi n
SR oA ENEE T U SR Bee A gy £3 - gPrior to
fhetingal atmx@mt:@:fataa selfectdhen ehteeastir edeREy signakignal

LALEL L) o2 RO oraU L IYR0 JEHUD 12 SNy with
g,” an-esti e of e décay i n Si
rafensicy fromadml REingve| a@r me$t| ;‘;h@etseelmqmﬂ pixels

fngc*tclfé@f e%lsﬂze]f(glﬂﬁrid)%dl%ml@a ¥ -anBaest iEhehen fitted to
the 1mage intensities of the selected pixels from the
surrounding medium 12 to obtain an estimate of the spatial
variation in RF signal intensity within the object 10 that

is due to instrumental and/or object effects.

Figure 1 illustrates an input image for the pfesent method.

In this regard Figure 1 illustrates a T:-weighted magnetic
resonance image acquired of the abdomen of a patient in
which the object under particular study is a liver 10. The
layer of subcutaneous fat 12 which surrounds the liver 10
provides a suitable surrounding medium of essentially
uniform spin density which is used in the present method to
estimate the spatial wvariation in RF signal intensity
throughout the liver. In this instance, the image
illustrated in Figure 1 shows a patient with liver iron
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fromthe surroundi ng nmedium 12. The nodel is then
fitted to the image intensities of the selected

wW@R00a/03840T om t he surroundi ng nmedi um 12 t o obt BCTYAER004/000471

estimate of the spatial 25 variation in RF signal
intensity within the object 10 that is due to
instrumental and/or object et$ects. Figure 1
illustrates an |nput i mage for the present nethod. In

h ar Fi.gur |IIut a_T2-wejght .
Zr’r‘éé%% %be g% ance R sacrg% tl%%gi 7 l_t-da\g?b? ﬂegggaoﬁélﬂe TE of
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Hhhyst b2t @312 UiRER MR S@lteCi2d Phiteled vt fHHé pﬁlxels 19

t he” subcut aneous fat_12 of the patient to be used

2Re sekered ivh B adee %%l%lallgpiféﬁh@nthﬁts?—@ﬁél:es the

hak &Sl gylngul Mﬂtdﬁsg:dliesemt@unl Itll;@n%ubﬁh@%h@eﬁﬁ E8e 12 to
te |xes.ue to ce the.trace

ﬂ%ﬁg‘éh of - e %?‘&w?etfwil@rﬁfnorfegBScP?%ent A

ragiltaﬂl bfnteagwMt%Ol?dmmh&rdmdna@e pitidet in Figure 2
a fiat K2, v '

éy?@%&%egﬁggﬁaﬁ%e ge g@tgl gtL a gorlt t}%‘ o%lantlaels signal

tReengmid el withaal qhm eFIEP ey g ushi ﬁat:héZ is used as a

f’ébéf'éﬁ@@OUtSnf atthk? bgged eaégéatpénor@g%f&eﬂ_mfr OUnghe edge
I nt er est

he of .the patient i on
B Sl e Rasenics, doskeapg shesDareh: AE mascimum
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ities wi.thin e S cutan S at e
LOBERPRALES, Mapl 1A Te YRR S Kl dferdfodd ot tne
mayematet éntensiblgori chmldn bssedegivedgk figr thelation to
ﬁbff&oﬂ{améh@:uq}ef’ﬂtcﬁﬂs' iynal eugreach of dhechadiadlgion of

I ne segrrent S
interest 20 toward the centre of the body, rather than with

reference to the radial line segments.

Figure 3 shows the local maxima 14 in signal intensity
within the subcutaneous fat 12 determined from the trace 18
of the maximal signal intensities shown in Figure 2. The
local maxima 14 are located by sliding a window of constant
width along the trace and for each position of the window
ascertaining the maximum signal intensity for the length of
the window. A second pass is then performed by sliding the
window along the maximised signal trace and calculating the
mean signal intensity of the maximised signal trace at each
position of the window. Where the mean signal intensity is
equal to the maximised signal intensity at a central window

position, a local maximum 14 in signal intensity is



20 subcutaneous fat 12. It should be understood that
the mximal intensities could be derived in relation

W e0o4l09840z0ont al and vertical |ine segnents froPCT/AE2004/000471
region of interest 20 toward the centre of the body,
rather than with reference to the radial |ine

segnents. 25 Figure 3 shows the local naxim 14 in
si gnal intensity wthin the subcutaneous fat 12
e r f i mal .Si
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£ qhg.de trace and for each position of the w ndow
ascertaining the maxi mumsignal intensity for the
l ength of the window. A second pass is then perforned
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I%)Ji%] (Jisa :%gﬁlttn% S?rtler %BEFBEE?gS%%%yt%I% tllﬂ is further
assumed 1n the formulation of the model that RF signal
intensity diminishes in a concentric manner from the points
14. On the basis of these assumptions, the following two
mathematical models of the spatial intensity profile I(x.,y)

may be provided:

N 2 Y v
I(x,) = Z I, e~RJl/f.(x—x,,> +f=7,) (1)
n=1

_-R.{(x—x,,)z[llf. cos® t‘),,+fsin2 t9,,]+-(y—y,,)2 [l/f. sin? G +fc:os2 G, ]+(x—x,, Wy=yn )[I/f.sin 26, ~ fsin2 0,,]

N
Kx,0)= 2. Ie (2)

n=1
where x and y are image coordinates, N is the number of RF
receiver points 14, I, is the signal intensity at the n®*® RF
receiver point 14, and is to be determined by the fitting
procedure, R is the rate of decay in intensity of the
detected RF signal with distance from the RF receiver points

14 and is to be determined by the fitting procedure, x, is



mat hemat i cal nodel of the spatial intensity profile

I (x,y) it is assuned that signal strength di m nishes
woeroodoesys With distance fromthe points 14. ROT/AU@H/000471

this decay is 20 nodelled as being an exponenti al

decay and it is further assuned in the fornul ation of

the nodel that RF signal imt&nsity diminishes in a

concentric manner fromthe poi nts 14. On the basis of

HISSE AT TR ol S OB A 50 00
ml@eorpr@ﬁutd@j n|RY eeqeiver (p@wt) A4, (Y- V5~ FReldegree of

@h¥1p9Q01tyr‘t@ LendX odhdenfric reduction in RF _signal
1/°f. cos20, , +f si n20" } )21/f Si n20" +f Cos 20

lqu%&sktg(Wj'}t ) PRFFE’FH29" qlgﬁytﬁ‘?@ fopm he WREr ergceiver

poihys al£ af@Jes COOrdenabesrmhéd bpetnynbettohgRbrodBdure,
receiver points 14, Inis the signal intensity at the
WA BF 1Feddiv ePNBbENO 4RhanHSIOTT Fpes d@tferfrﬁ%eél%yptlcal

é&%t&hfti’:@gthé’r@é@%}'”ﬁa Fhé Srt hei e ﬂ{t&%%'ﬂom the n®?
h e
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elbiptd Cidded Qitdie LONGENLY ic or eduction in RF signal

intensity with increasi ng di stance fromthe RF
receiver 5 points 14 and is to be determ ned by the

fmétm@gqﬁ@@ml | [ @nodand(EN %ISO\F@?J.@[E%'I@OJ@@ é&@ef@l Oform of
axl|sS O e ont our (e} eca |n
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N2) RELsecel Vews pﬁ@nnt@rmmb@@immmf hiehe ubzivanaodsniner axes
&Brchbeelliptical decay in signal intensity for each of the
RF receiver points 14. The model (2) reduces to the model
(1) if it is assumed that major axis of the elliptical decay
contours is aligned with the coronal plane 13, this is

equivalent to g, being 0°.

Figure 4 illustrates the manner in which the angular
alignment of the major axis of the elliptical contour of the
decay in the RF signal intensity from a given RF receiver
point 14 is determined relative to the coronal plane 13 from
the trace of the maximal signal intensities throughout the
subcutaneous fat as shown in Figure 2. A window kernel 15
is centered on a given RF recelver point and the two most
extreme positions at which the trace 18 of the maximal
signal intensities passes through the perimeter of the
window kernel 21 are determined. For the example in Figure

4, the window kernel 15 is square with a width of 25 pixels.

The angle @ of the line bisecting the two said extreme
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exanpl e under discussion, N = 7. The mat hemati cal
nodel (2) above is a nore general formof 15

woradoheosdT cal nodel (1). Both nodel s provi de fPET/AN2004/000471
exponential decay in signal intensity or strength from
the RF receiver points in an elliptical manner.
However nodel (2) also alloW for orientation of the
maj or and m nor axes of the elliptical decay in

%&{‘@heﬂé&g glsltz% ? S@ége?f ! etﬁQ ne mﬁﬁf M&n?ﬁ?' TS then
@@%@mqmaremq:we akpsthe t:ﬁméiah pliregl ldecap denoted in

PORLAMIT 8, | §ogl igRed, kb tﬂé%eg%gn@ioﬂtam% 13, cfshd Saﬂgsle is
equi val ent to en being 00. 25 Figure 4 il [ Ustrates

denpieed | g.wheofl tise wegdl dn e gm@éﬁﬂ- of2t hefrm;rm spatlal
i t I, \C A dega

Bt oaled M B o, S Rer bl R L A s ey

Wt Heal JrJé«reailve to the coronal plane 13 from the

trace of the maxi mal signal intensities throughout t he

30 subcut aneous_fat_as shown in Figure, 2, A w hdow
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Isecting thée two said extrene
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ah@aa\fmréqow:&@ﬁ@&eﬂ@ imen weier HbBeCi.dcféhﬁtngeofottHée local
corpnal , For the _nth

as denot ed gure_4.
R o Dor e g areneme fa o4 o Geltorty R e the
i stersetcy nof hehﬁodejca(JZ)ma)ilmmeais paheatRFS nadeeingrt ypoint 14

gﬁ?f '14 | gﬁt}glsgf: t hc?f d% ct %Q/’O u%%ma?e e%_htc%d minima

S hé M gur es A 4Rd B oW an
ph@tt@tﬂ est |arratfenctlohe of afles Rwte de@aypllﬂelfnt éneit \the RF

Phcd e RpSigPak 4 W Wi %@e%ﬁ%miodefc%@? IRERE is f%tted to

receiver £0| nts 14 1s rm ned way of exanpl e
Bhe REIR_LeiPEFPOFWt d2ER. PRlgESe ve&hsﬁ&m Fte R, of decay

in signal intensity as the unknown parameter, and with the
intensity at =zero distance from the RF receiver point 14;
fixed to the intensity of the local maxima at that point.
This procedure is repeated for each RF receiver point 14,
for which the estimates of the rate R, of decay in signal
intensity with distance from each RF receiver point 14 are
averaged to give an initial estimate of R, the rate of decay
in intensity of the detected RF signal with distance from
the RF receiver points.

Figure 6 shows the result of fitting the model spatial
intensity profile I(x,y) to the selected image intensities
from the subcutaneous fat 12 to obtain an estimate of the
spatial wvariation in RF signal intensity throughout the
liver 10. The accuracy of the fit is improved by removing

any signal intensities from the trace 18 of the maximal
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sel ected RF receiver point 141 fromFigure 3, and the
two nearest neighbouring |ocal mnim 16a and 16D,

waeledoefopi4ped in  a nmanner consistent with that P@I/AU2004/000471

| ocation of the local 15 maxima in the subcutaneous
fat 12. Figure 5B shows the intensity of the | ocal
maxi ma at the RF receiver pofft—14 and the intensity
of the two nei ghbouring local mninma plotted as a

Con of di st ; . .
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esthamt Bn’@érllq.‘ii'ﬁﬁesSﬂﬁ\}@%égeﬂ :ditvii@édiolth_lﬁﬁu@ihgb@ a RF fspatial
It ensi t hr ou ut t 5.Liver . accuracy o .
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intensityeprbfohet fext yace Ih8 thfist himgimriqeal W@ RF spatial
4 . [ l74i.nt itk
FEOSRRAGT FETLALORA WAL i Al S0 iR
FhEBAsi SEERnSityh PRefblesdee vaf Pt the apenimum value of

@t(nsegyvi WELIBI 1 OeO USeg i dHRIREEByS itthaal ikRatensi ties
may be wused to rescale the nmagnetic resonance inage
intensities 5 within the liver and thus mnimse the

Bpatiral gvatiaidtorates &bpbigmalon nbensitey é&sedughadit spatial
SIS 88 P SIS Bl B Thher o
Facibatatei mige cahcundstiomndf okransverse relaxation rate
(R2) within the liver. This application is particularly
useful where the transverse relaxation rates within the
liver are determined from a series of spin echo images where
the signal intensities are predominantly less than 50% of
the initial signal intensity at zero echo time. The RF
signal intensity profile I(x,y) fitted to the maximal signal
intensities within the subcutaneous fat is transformed into
an estimate of the image intensities within the liver at
zero echo time by dividing I(x,y) Dby the percentage
remaining signal intensity expected within the subcutaneous
fat at the given echo time, and then dividing this result by
the ratio of the hydrogen proton spin density expected of
the subcutaneous fat relative to the hydrogen proton spin
density expected of the liver. The estimate of the image
intensities within the liver at zero echo time may be then

included as additional data points at zero echo time in
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which a region of interest has been drawn about the
liver 10 10. Figure 7B shows the |iver signal

WO ndogfg84dTi es with a reduced variation in RF sP@QRai2004/000471

intensity, in which the Iiver signal intensities have
been divided through by a RF spatial attenuation
profile determned fromthe-4}tted spatial intensity
profile I(x,y). In this instance, the RF spatial 15
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Wth theuestidmte ofitikea Nhfidl sinalransverse relaxation
rate characteristic of the liver in the example of Figure 8
was determined by fitting a bi-exponential signal decay to
the data points. The inclusion of the estimated signal
intensity at zero echo time implicitly improves the accuracy
of the calculated R; by including extractable information
about signal intensities at points in time much earlier than
that captured in the shortest echo time image. This method
is especially important in the accurate modelling of bi-

exponential transverse magnetisation decay processes.

From the above description, it will be apparent to those
skilled in the relevant arts that the present method has
numerous advantages and benefits over prior art methods for
correcting spatial non-uniformities in RF gignal intensity

within magnetic resonance images. Specifically, the present
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intensity within the liver at zero echo tine
(determined fromthe 6nms spin echo image) at pixe

wW@omiogsa0p i s included as an additional datunPEr/Ap2n0a/000471

echo time. In determining the initial signa
intensity within the liver, the percentage 10
remai ning signal intensity €xpected within the
subcut aneous fat at the given echo tinme of 6ns as
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gna €NnSi netic resonance i mages.
SpeC|f|caIIy, the present WD 2004/ 098407

ﬁgwléﬂggoﬁﬁoQQi%klméﬁ% dﬁﬁﬁﬂgjfﬁﬁgﬁé¥bﬁrﬁhs been described

determ nation of |ntenS|ty correction

Shr Pade B RRATARY | E0) SPRSCSOISIIRGs it o reitvant arts

that numerous modifications and wvariations may be made
without departing from the basic inventive concepts. For
example, the RF receiver points need not be constrained to
location at the maximal signal intensities on the boundary
medium, or even on the boundary medium itself. Further, the
decay in signal intensity with increasing distance from the
RF receiver points need not follow an exponential decay, or
the same decay rate from each point. In addition, the signal
intensities within the object under study may be rescaled by
direct division with the fitted signal intensity profile to
form a signal intensity ratio of the object image
intensities relative to the boundary medium intensities. For
example, in abdominal imaging, the signal intensity ratio of

liver to subcutaneous fat may formulated at every point
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uniformties in the RF receiving coil profile as well
as signal intensity attenuation within the object

waeraendsmdudy. 5 This is facilitated through thBCT/AU2004/000471

concurrent imaging of a nediumof essentially uniform
spin density bordering the object fromwhich the

pattern of RF signal intensi?y ~attenuation within the
object is estinmated. A seni-enpirical mathematica

of_.t he i al: . varjatj i E sigpal . .
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basi c.inventive concepts. For exanple, the RF
?%8%?@%@ %iﬁ%ﬂ%‘need not be constrained to |ocation

at the nmaximal signal intensities on the boundary

medi um or even on the boundary nediumitself.

Further, the decay in signal intensity with

i ncreasi ng distance fromthe 30 RF receiver points

need not follow an exponential decay, or the sane
decay rate fromeach point. In addition, the signa
intensities within the object under study may be

rescaled by direct division with the fitted signa
intensity profile to forma signal intensity ratio of
the object inmage 35 intensities relative to the

boundary nmediumintensities. For exanple, in
abdom nal imaging, the signal intensity ratio of

liver to subcutaneous fat may fornul ated at every

poi nt WD 2004/ 098407 PCT/ AU2004/ 000471
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23 within the liver with reference to the projected
signal intensities determned fromthe subcutaneous

wo a004/09840ml |y, it should be noted that the nepP¢idU2004/000471

described in this specification is broadly applicable
to the estimation of 5 magnetic resonance inage
intensities in which there i%%a~ continuous decay in
signal intensity with distance from several points of
maxi mal signal intensity w g he image. Al such
nodi fications and variatio woul d be obvi ous 10

to a person of ordinary skill in the art are deened to

BEe M ddeseppard theduiesentel age@bmewghe
Tature of — which TS to be determ ned fromthe ab

ove
description and the appended clains. WO 2004/ 098407

PCT | MJ20R4t 00847345 8ét11€é,ﬁ\ixh@ dhe ChpatsalefaiDgtion of
i nvention are as .foll 1. A_nethod of

I&%W%%‘F ng" THEXPAL i al a\?&ﬂgat F&‘Fl&f trggHepry  (RF)  signal
_mtserm@m:nses wasglti@lmadalm fo]emeehcyftcﬁiﬁ) segeated RF signal

{;Sﬁéi 1S di ti 1 ot i %@1@?%%&3%R5u§kgﬂﬁhmg the

ensi |es a uni orm p1n densi
@mqa@*anoﬁwgitmfethqﬂaj%mpr@wm met hod conprising: 10

acqui éé@@lﬁlﬁ@g%ﬁt h&gh%%@&anﬁésbﬁaﬁée Ofuﬁ’e{bé’blo%ﬁ an object
bounded a nmedi_um wh i s, of essentiall ¥L uni form

Rernd e%em,’. %, m%ﬂl’tuﬁewlhéﬁ&t h-$c8F e SSSEdaiLdyi gitigrorm spin
fbes1tpgeon fitaenll @idgily scesledriofe mélsbllctah.omiblﬁe Ehti tabge;

nodel of tfa LS a%[gglg%}hé‘%ll{‘ﬁlon %:h t%@%‘i:%f the

wi t hi B°

s@émbdvmfasmed R sREnadigniadt emt@mssstxof wsahéln the said
§H%&oundi fg medi um to obtain an estimate of the

spatial variation of netic resonance i magi ng

r adi of ¥ el cysqiRE) n@id@gral EPnt enkeeied \mqfﬁw@m gF signal

@i@t@ﬁéltlé’é)f@f fsAalreeltshﬁd:oaﬁﬁa R AmC k- %%Fmeéﬁl Bstimate
sgidsten of , formulating sald sem Sl g8l nance imaging

radiofrequency (RF) signal intensities within said object.

2. A method according to claim 1 wherein said step of
formulating said semi-empirical mathematical model of the
spatial wvariation in RF signal intensity within the object
comprises:

locating a plurality of points in a plane of said image
which are notionally considered to act as apparent receivers
of RF signals (hereinafter referred to as “RF receiver
points”); and,

formulating a spatial profile of RF signal intensity
within said object in said plane of said image relative to

the said RF receiver points.

3. A method according to claim 2 wherein saild RF receiver

points are located on said surrounding medium.

4. A method according to c¢laim 2 or 3 wherein said

spatial intensity profile is formulated in a manner which
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spatial variation in RF signal intensity within the
object conprises: 25 |ocating a plurality of points

WO pooa/opi4ane of said i mage which are noti onal | RCT/AU2004/000471

considered to act as apparent receivers of RF signals
(hereinafter referred to as "RF receiver points");

and, fornulating a spatial pfoffie of RF signal

intenS|ty 30 within said object in said plane of said

j | at e recejye t
REBREAS T ordingtrn QPaiddein BT BT Brcdalhy wien
porress ane d@e'a@nqeoﬁr@au g s@rROUReragvaEdPOERLS5 4. A

nmet hod according to claim2 or 3 wherein said spatia
intensity profile is fornmulated,in a manner whi ch WO

2004/ BB ROACHCATEHAD e 731 al?S M@ﬁﬁ%ﬁ% gpid reduction
Qﬂnmﬂté:L@néBdli‘hﬁ:le@l@llt&’ Rfs sitgpalilbRbaNsdd yhait Ag the same
i ncreas stance from sai d. RF.receiv po #
FRERod e SRHTIG T ity 1AL #Riher 4P CDRTGY: CHAER: ohiCEeasing
dns Rencegfinbmi alénsaig§ RB fecaivat edoastdavi ng the

same rate of reduction in signal intensity wth

i ncreasing distance fromall said RF receiver points.

6: A Aetggiodc Andindind bRy aske Wfe cPhi ®8.a2m6 ey evherein

§91§359a§9§1'§£09_{9é' ie f§rﬁ@1£‘t‘é&t &4 ﬁ§vbﬁ<}f' Qﬂ 8ponential
gonentlal reduction in sig intensit

RdnehsPRgEi StahRe ’rPBﬁ?Sé‘éYdWR'Fhr%’&%F% l%u ﬂ%%tal?ce from
é\aimthmdracemdrngomt@ny one of clainms 2-5 wherein
15 said spatial profile is formulated as having a
reduction in signal intensity with the reciprocal of
The dhswatted ramomdiny RFor etwi vare pof nicd araiss 6t owherein

§ Q&GQpQE’B!‘Qi p?ofﬁl%elgoﬁoﬁ‘ﬁlﬁfégéé!gaéOhéwn&”& Plauction in

alns 4-7 wherein e magneti c resonance
?ﬁﬁ@@llén§€a§ﬂﬁ¥dW%¥hnﬁQ&|ﬁ@ClE¥%ﬁélsQﬁdthe distance from

§%mi RAPLHELER cPBLBEABE | £al s8R 4 Sche&sH| gbREr. as: N

(x-x")2[1/f.cosZB"+fsinzZB"t (y-y")2l /f.sin2B"+fcos2(r)"
BE( X-X"héyhyd) ddddr&imP (g "arfisiom2B'Jdf claims 4-7 wherein

when the magnetic resonance image is acquired in an axial
plane said semi-empirical mathematical model is formulated

as:

N
Kx,y)=Y,Ie
n=1

where x and y are image coordinates, I(x,y) is the model of

-—R-J(x—x,, Y[1/ f.co8* 6,4 sin® 8, Jr (r=3)* 11 7510 6, +1 cos” 8, J(x=xu)(y=3)[1/ f.5in 26, — f5in26,]

the spatial intensity profile of the RF signal, N is the
number of RF receiver points, I, is the estimated signal
intensity at the n*® RF receiver point and is to be
determined by the fitting procedure, R is the rate of decay
in sgignal intensity with distance from the RF receiver
points and is to be determined by the fitting procedure, x,
is the x position of the n*® RF receiver point, y, is the h%
position of the n*™® RF receiver point, £ is the degree of
ellipticity to the concentric reduction in RF signal

intensity with increasing distance from the RF receiver
points and is to be determined by the fitting procedure, and
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| ~x~Y) = ~ 1"e n=1 where x and y are inmage
coordinates, I(x,y) is the nodel of 25 the spatia

w0 ndoaf840y profile of the RF signal, N is the PeIYA2004/000471
of RF receiver points, Inis the estimted signa
intensity at the nth RF receiver point and is to be
determined by the fitting prétedure, Ris the rate of
decay in signal intensity with distance fromthe RF

recelver 30 points and.is to _be termned, b e
64 t £Png PR ocRRINEPT X7 (:1-319?“???5 x© gosr]?‘?oﬁ“ao?oghé“ﬁtsh RE the

éBL‘:ngt/ﬁfaIJOd:BﬁtoNﬁ t§ th@ kﬂecﬁ?SIltn théJfRIt' h§1@1t1£11 REntensity
ecel ver |nt he ree ticit to the
EERELE B9 B ot Rvin Sogts e s e

i ncreasing distance fromthe RF recelver 35 pornts and

4504/ DO PCH ROSHO donA 7 Sa Rt ERe Bigypcis of

glhe gredehitp wfcalhe aemitorraxte othehedeedy i pif cé:lhecoﬁFouﬁlgnal
{Qrdhies decay; L nabbenBE ghopal ﬁa&ta@.'l%lt Yo fmén &Seo&;f plane

RF receiver point wth the coronal plane.
set hbdtads or dDAgwherebyi the wiedkedi o f h@lemﬁmtaaxl sipfensity

$p§ffiélfglféﬁuéégnégw to the decay of the RF signa

ensities 1s assuned to be parallel to the corona

plane so that on = 'g WS: ebl/ N AE Y aEs) of the
spatial intensity Kﬁr 7 Relf s reduced to: N 10 | x

12-R 1 x-x, )Z+f(J'-Y")Z""'n=1 10. A nethod accordi ng
19 an¥ aeshefl @eganding wWhepayvn ongyj @f selledmed 1-9 wherein

§E§§Ur§Qlé§£é&9nﬁeaéﬁ£§@S'ﬁFeszgﬂ@I'ant@h§§£§e§f comprise
in.respective, radial line

S na enS|t
ﬁgﬁat o?‘am?‘r’i ort:d %{]ndl@%??‘?&&v | $he TEERRSHLY Sof radial

lﬁnensegmgﬁtef; blaeh:wﬁlz@m&d&ngmmdraﬂ"ﬁ:(dw e]lﬂﬁét@égments of
referred t? sel ect
0

achra PR oo r o R by (Ut kBT PRgrrea to
aaiﬁssbéete@dppxab$é)by aline to forma trace.

11. A method according to c¢laim 10 further comprising

connecting said selected pixels by a line to form a trace.

12. A method according to claim 11 further comprising said
method further comprises deriving from said trace 1local

maxima in signal intensity.

13. A method according to claim 12 wherein when said
magnetic resonance image is acquired in an axial plane said
RF receiver points are located at the local maxima in signal

intensity of the said selected pixels.

14. A method according to claim 13 wherein when said
magnetic resonance image is acquired in said axial plane the
said local maxima in signal intensity of the selected pixels

are no closer than 12 pixels.

15. A method according to claim 14 wherein said local
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20 12. A method according to claim 11 further
conprising said nethod further conprises deriving

wo e@aossadT trace | ocal nmaxima in signal intenBCT/AD200%/000471

13. A nmethod according to claim 12 wherein when said
magneti c resonance inmage is acquired in an axial plane
said RF receiver points are?{ ocated at the |oca

maxi ma in S|gnal intensity of the said sel ected
1&%%%11 gﬁo ”Eiﬁ‘@éilsﬁ @L‘e‘&%rin?ﬂn%ha' £2-dip g"ﬁ%‘r €LB1ected
en ma ne i c resonance image IS acquire

BhX@l%xSaerléﬁe8¢ﬁ§tl§§|&aﬂ@@5l X|ﬁ®3|ﬁl§m@halnten51tles

Fntemsi ¢¥e Ofsahhf %@'l eptedi-piXelpinde NQ Clipselsgik@ansitting
12 pixels. 35 A nmet hod according to claim14

PRRFRIF Rai d Iocal WO 2004/ 098407 PCT/ AU2004/ 000471
-27 naxina in signal intensity deternined fromthe
% Is serye as startln §§ far the
gna

o RS B VEEESIG Forht §1ETing
no¢®@usa|ﬂnélmdemgde;nvmmgumm 151u5a1AeaE¢maME of the rate

I a It r re .
i e A s e e A T
BeCEbERy ml%tfgrﬁgﬁvtﬁlmlé?%i Yy :wi th distance from said
RF recei ver points determned by: 10 |locating |oca

nmp ampngst. saj d, sel ect ed |xels in na

%Bﬁé?%?%ntl%‘atlh BetERR AEOPSS ofs%la‘?‘d %E‘g@éﬂ e:%axﬁ’h’ﬁels in a
harneackom ¢ eeet wertlp dlaterndesiting ofo saedr @stal onakima;
mnima 15 and fitting an exponential signal intensity
decay curve as a function of the distance fromthe
Sat de®Fh rRE efeeeiypet moirg lideetdngndiwo meemssti égcel minima

Lhe fﬂf\@tiﬁ’& by bR S RONSt rsﬁ'g@l%q 1tr1‘%eh|§§t§‘ gRaby curve as.a

Intensity at the position of the said recej ver
ponaEien %EtEhﬁ1ﬁé85ﬁn%%t?ﬁﬁﬁet%$ FﬁédrEFerﬁﬁebVeQOP°1nt to

geeayibRasi gmlenvsmit@egl b WHe it BHELL ameyihs OBbhBerained
%gld eRFsg.Sﬁgﬁ.v in e%sr_]Ltty at the position of the said RF
receiver point to determine an estimate of the rate R, of
decay in signal intensity with distance away from the said

RF recelver point;

calculating the average of the estimates of the rate of
decay Ry, in signal intensity with distance from each RF
receiver point which is to be used as an initial estimate
of R.

17. A method according to any one of claims 9-16 wherein
when the magnetic resonance image is acquired in the axial
plane the elliptical contours of the decay in the RF signal
intensity from a given RF receiver point have their minor
axes approximately normal to a plane of an RF receiver coil
element of an MRI machine acquiring said image of said

object in closest proximity to the given RF receiver point.

18. A method according to any one of claims 11-17 wherein

when the magnetic resonance image is acquired in the axial
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calculating the average of the estimates of the rate
of decay Rn in signal intensity with distance from
we@2aeh/09H07 25 receiver point which is to be usePCHAU2004/000471

initial estimate of R 17. A nmethod according to any

one of clainms 9-16 wherein when the magnetic

resonance image is acquired-%% The axial 30 plane the

elliptical contours of the decay in the RF signa

%I‘ér‘?é‘s'éﬁ’e”a% & ¢ VS? Eﬁméﬁﬁe' Pr élaodr[‘t JBVERL heégzlptlcal
nor axes approxi ma norna | ane o

ceriedwes @bithe ei&;ma«htll’bfth@n RWREl@ﬁélﬂl nétééqytm figom the RF

p8L&i T aRYS A said s ahireGhdd rehasesk RHOXEHEHY Q4 he

given RF receiver point. 35 18. A nmethod according to

any one of clains 11-17 wherein when the magnetic

o oaey RS S o e

p t.he ;angul ar
SPTGMERE OF duen T ehe et | BET Ebe "B eI of

dhea@ebaytmaI%hsi@maéignabnsntgnénbytﬁh@mRRhafRE|necelver
ﬁe%ﬁ%g 1g &E% ()(:éiﬁgﬂf eﬁherﬁgh@.EEQEQ b 19 A

d accor el n the angu
al i gnment of the maj or axes of the elllptlcal contours

8fncéhendecayimadhekBEnsi gl bAtANSE YrEram Lhe p%ﬁnt and
recejver _points is determned relative to said trac

Birndli%g céﬁ@er?‘t’% FURERashy POSHILOGS et REAEEC A Fecelver
p@ilﬁltt aadwhfllcltudl nenidie twacéuoifhesie posiddtond pioms passes

r.ecei ver Pai nt mhlc said trace of the
é@?%u dtl'rlﬁx% rsmrlJeassresof roug I&t Welkperl ﬁét er8 of the
wi ndow kernel; and, 15 cal cul ating the angle of the

Eéi‘ PLeegd éa'aqlg}l"é) for ttJTFeSt 1&91%'“Jo%%clﬁ%ét'¥sld two

t he coronal pl ane. according to claim
i@rﬁh%$%lEP%%ﬁ¥PWﬁrﬁﬁ%ﬁtﬂﬁﬁwﬁﬂ ﬁﬂ% crrrsedeRLer8d on
said RF receiver points to 20 determ ne the angul ar

Bl e " SLLUBEL AL, SORLEHTS o1 e GO LD i
ksraekquariehm hdovedreraredd noh |sstdt REN #8cejpverel paimts to
&EQéPmine the angular alignment of the elliptical contours
of the decay in the RF signal intensity from said RF
receliver points is a square window kernel not less than 13
pixels in width.

21. A method according to any one of claims 8-20 wherein
said model spatial intensity profile I(x,y) is fitted to the
image intensities of the selected pixels for optimum
parameterisation of I,, R and f to obtain an estimate of the
spatial wvariation in RF signal intensity throughout the
object.

22. A method according to any one of claims 8-20 wherein
said method further comprises determining a RF spatial
attenuation profile with which to rescale the magnetic
resonance image intensities within the said object and thus

minimise the spatial wvariation in RF signal intensity
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25 21. A method according to any one of clains 8-20
wherein said nodel spatial intensity profile I(Xx,Yy)

WO g00ftiopg4ed to the inmage intensities of the sePEAELN04/000471

pi xel s for optinmum paraneterisation of In, Rand f to
obtain an estimate of the spatial variation in RF
signal intensity throughout- he 30 object. 22. A
nmet hod according to any one of clains 8-20 wherein

§§¥&§§@‘H9qlfurthe conprises determning a RF spati al
enuat 1 on pro tie with which to rescale the
magnetic resonance inege intensities within the said

o] ech ABELLHUSH1-81 7k SEo t BEa SRAD D Alm¥aLt At EQi‘di BrREpatial
signal 1ntensity, WO 2004/ 098407 PCT/ AU2004/ 00047

R FUGHOLAN PO Bhl @ ctS dteiRRt OBl adE v MY F]éecﬁﬁF?#‘ated
Ri2 yheiel nisediths Ry spajfidle atd, gu)uw @RePhOhiBmi §r maximum

dby d i h t.i mat ' I ..
ToEEnart yE Grork (SR Ty SERE R HEREDr Dime P aurd oot
value of I(x,y) wthin the region occupied by the

90LECk i ELDSHaAGSOLY g Ll M2 aher B B

ati al variation I'nt ensi
Ywél@tb}@@tllil sRiEbeSlgnﬁ]mlmtmT@édleﬂihé‘wghpﬁ@ the Phaget is be

th BRSd dd e tdl‘v'ldtllﬂg éeciméb’e t he, R SRAldal within the
attenuatlon profil 5. A nethod accordlng to any one

PIeThig Bho AR FRARL COMSTINSHGWRER LihE- magneti c

resonance i mage |s a spin echo 15 image, providing an

he ntens ties t t
s hrhn Sy TS g S oy Bl bt T fgnof F4 Blrener
cmmpwmsim@swhmmhthetm@gm¢ﬁxmnre&om¢mcglwmag@ch® &ispin echo
fc‘ﬁ\?i &1‘?&% %‘%a'tﬂe”tﬁm%@et Xn‘EéHEEE?Qs within
|n surroun |

i ng um at given ec

alh@l tRIRCE0 aFvizRiRy eRPS riekigt bby @wa@w&gofthe estimated
SY§H LD e PERE DR SPI xml tl‘iiﬁﬁ sty @ﬁﬂj)@@ti e@lt ofhé hgi PUNEERG time

mediumrel ative to r, on spin, densit
B e Pertshtate gRmBiaints & idiads ThERRSE St i gvi thin
tloe cl asmr2oundiieiei metif ans\ear sehe 2@1welnaxath@ntm99$nd then

s aheuRted MLl D Lo SLLeRt ol G B, qSELES oton spin

n-ec mages acqui r ob]ec
den81ty expected of the bounding medlum relative to hydrogen

proton spin density expected of the object itself.

26. A method according to claim 25 wherein transverse
relaxation rates are calculated within the object from a
series of spin echo images acquired of the object and

surrounding medium at different echo times.

27. A method according to claim 26 wherein when the
magnetic resonance image is a spin echo image said method
further comprises using the estimates of the image
intensities within the object at zero echo time in the
calculation of transverse relaxation rates within the object
where the estimates are determined from a spin echo time

image of shortest duration in the spin echo image series.
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surroundi ng nmedium at different echo tines. 27. A
nmet hod according to claim26 wherein when the 30

wor@ae984e7 r esonance image i s a spin echo i nagePGHAU2004/000471

met hod further conprises using the estimtes of the
image intensities within the object at zero echo tine
in the calculation of trams¥®rse rel axation rates
within the object where the estimtes are determ ned

ﬁéonyﬂ ﬁ@hﬂoﬁcg%cbkﬁgngsﬁd @ﬁ%?vgéigggrQ%%%?%”fuiPnWherein

I'necho series
w@m AL’@QI%4PDU)@Q171 un ogns pdasd hbe adcor 8hRg toremy said

@@ﬁr&ﬁn&ir@é“m@d@&n\’meﬂs@ Na WeR,dhe gbj ecdudiifi@heous fat

conS|derat|on is the liver said surrounding nmediumis
SUFEQERAGRI SR ARAMESEs fat  surrounding the abdonen.
5 29. A nethod according to claim28 wherein mhen

1 vortronrat el reatly ST LS PR hA BedilBverae
selbaxa bheo u s aftats |srejsealtculaEeti| met Ehimagbe liver from a
éé‘ffé‘«% Bgegﬁ%t RIRCL A b%ert ! FBIQ L0 AJdB & Qugeq to

ass| s the calcul at| of t e transverse
et HRAES oﬁmﬁaﬂeesmwsww hedtlein ethaenci e Ahgrr@se echo

Eﬁﬁ@naﬁée MR stMBgR  BheaNcPLELLL SOAPI b8 NGhel5transverse
ialnlgﬁﬁan initial MR imge of the object;

FFRL ¥3#eSSpatial variation of magnetic resonance
|nag|ng radio frequency (RF) signal intensities within

%8Unl%ngghgatOErgnhgﬁgfﬁ%dg égfglrégé %% Eﬁ%gzimage

orm “Spi h~dens urroundlng
bﬁ.aacqbnﬁchgcammagﬁemgc resonance i mage of an object
bounded by a nediumwhich is of essentially uniform
spin density on . the length scale of resol ution of
PR inhie; alzsl%Fhﬁl MRhgimegenet ehpe rPRaeCt:
mat henati cal nodel 1(x,y) of the spatial variation in

RF signal intensit thin th
estfmgtfhg the g%g¥al varlatlon of magnetic resonance

imaging radio frequency (RF) signal intensities within the
object from measured RF signal intensities of a uniform
spin density medium surrounding the object by:

acquiring a magnetic resonance image of an object bounded
by a medium which is of essentially uniform spin density,

on the length scale of resolution of the image;

formulating a semi-empirical mathematical model I(x,y) of
the spatial variation in RF signal intensity within the
said object;

fitting said model to sgelected measured RF signal
intensities of said surrounding medium to obtain an
estimate of the spatial variation of magnetic resonance
imaging radiofrequency (RF) signal intensities within said
object; and,



said object; 30 fitting said nodel to selected

nmeasured RF signal intensities of said surrounding
wWore@i09840D obtain an estinmate of the spatial PRer/AER08/000471

of magnetic resonance imaging radi of requency (RF)

signal intensities within said object; and, 35 WO

2004/ 098407 PCT/ AU2004/ 0004731 =31 wutilising the

estimated spatial variation in RF signal intensity to

| ni ti_al [ ij) di e. i al .
mfiénsﬁ%g%es 0 %lpﬁgg 2%? éhb x)%ﬂa&%otfp S AP signal
imtemsity p®oresea1¢xty¢ igitial MRI image by leldlng the
signal intensities of the image object by the RF signal

intensity profile I(x,y).



