1 LOCATING A MID-SAGITTAL PLANE FIELD OF THE INVENTION
[0001] The present invention relates to methods for analyzing
three-dimensional brain images described by brain volume data and,

rticulagly, hads, f deterr]nining a location for a mid-sagittal
Locﬁﬁg?ﬁﬁtﬁe%'ﬂgﬁoﬂ%% image. BACKGROUND [0002] To
study an organ, such as a human brain, a three-dimensional image, or
"volume scan," may be t&kEhDAaFeXEpMMEMNIUMN scan may be taken
using Magnetic Resonance (MR) Imaging. The result of a volume scan
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maging, see Joseph P. Hornak, The Basics of 997 (available at

descrifRphpycREain Yol R SiesadiyTere BarianaElyr DRME rs Frsrdgigrmining alocation for

amiciSEFIRPIHER hesaitdydaianeas: drinartigyiar, see the section of Chapter
12 entitled Volume Imaging (3-D Imaging). For a standard database of

MR volume data examples, se%gw%% i.mcgill.ca/brainweb. The

volume data may be considere £ Ized in slices. Three types of

slices are typically considered particularly useful, including axial slices
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and along atransverse axis in a sagittal plane, which divides the brain into left and right portions.

Typically, each dliceis considered to be a two dimensional array of pixel intensity val ues.
However, a quality other than intensity (e.g., hue, saturation, etc.) may be associated with a pixe.
The analog of a pixel in three dimensionsis called avoxdl. A voxel may be considered to have a
sizein each of three directions.

[0003]  In human brain anatomy, two cerebral hemispheres may be identified aswell as an
interhemispheric fissure, which is alongitudinal furrow in the midline between the two cerebral
hemispheres. A plane, called the “ mid-sagittal plane,” may be defined as the sagittal plane
passing through the interhemispheric fissure of the brain. The mid-sagittal plane typically
contains less cerebral structure than a sagittal plane through any part of the rest of the brain in the

vicinity of interhemispheric fissure.

[0004] When avolume scan of agiven brain is taken, the position of the given brain within
the co-ordinate system of the volume data depends on the position of the patient’s head during



[0004] When a volume scan of a given brain is taken, the position of the
given brain within the co-ordinate system of the volume data depends on
the position of the patient's head during 2 the acquisition of the volume

scan imagqge, It is known that the volumé dat be analyzed to
the aciaigr g e vatmersrAn e L e A e o ey fanayzed to
deterriintaaitaicatigrifier floeatidrsfgitthephart fargiti@baanehiloeddar Determining the

. subsequent determination of a function tq re- orient the mid-sagittal plape
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. lume data to orient the brain volume data in a preset co-ordinate .
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extraction of symmetry lines in axial or coronal slices of the volume data
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ethods that are based on the interhemispheric fissure include a
methaelpibeh eseddased arethaEvesRespEbed Gig saree antha BeasPignetirsisyhelaigibased on a
symm@?? ahupgthesis that the interhemispheric fissur(_a provid_es a good
laridmark for further volumetric symmetry analysis. In this class of
methods generally, the fissure is identified as a S((ea%gnented curve in MR
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0007] The theory behind the methods based on a symmetr}é criterion is
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lane with respect to which the brain exhibhits maximum symmetry. Most
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of the three-dimensional Euclidian space by a vector composed of a few

oefficients. Fqr each selected plane in a set of possible plane . .
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a vector composed of afew coefficients. For each selected planein a set of possible planes, an

adapted similarity measure (symmetry criterion) is determined for the original three-dimensional
brain image and a three-dimensional reflection image, where the reflection image is determined
with respect to the selected plane. Then, the set of possible planesis searched to find the plane
having the maximum adapted similarity measure. The chosen symmetry criterion is often the
cross correlation between the intensities of voxelsin the two three-dimensional images.

[0008]  Unfortunatedy, known methods may include such drawbacks as a requirement for some
apriori information, such as whether a given set of dicesisoriented in an axial plane, a coronal
plane or a sagittal plane. Additionally, the methods may be considered time consuming,
orientation dependent and limited to small tiltsin the data.



cross correlation between the intensities of voxels in the two
three-dimensional images. [0008] Unfortunately, known methods may
include such drawbacks as a requirement for some a priori information,
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brain image that obviates a requirement for a priori information and
overcomes other shortfalls of the PeiNidisRYdeveloped methods.
SUMMARY [0010] Initially, volumes of interest are defined within a
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entropy or energy) are then determined for the slices in the volumes of
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associated with the sagittal direction and having the optimal measure
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technique to find a final estimate of the mid-sagittal plane. [0011] In ) )
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a finanestinesle bhehenatnesyifelyslasedetermining a candidate sagittal direction
for a brain image, the brain image defined by brain volume data in a

hree-dimensional space associated with first, second and.third .
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... data in the first volume of interest far. a first plurality of slices in the first
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. _for a second plurality of slices in the second direction, definin hird .
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volume of interest for a second plurality of sicesin the second direction, defining a third three-
dimensional volume of interest of the brain image, obtaining brain volume datain the third
volume of interest for athird plurality of dicesin thethird direction, determining a measure for
each dice of thefirst, second and third plurality of dices, for each of the first, second and third
plurality of dices, plotting the measure for each dice of the plurality of dices, sequentially along
aplot axis corresponding to respective first, second and third directions, to produce first, second
and third measure plots and determining, from the first, second and third measure plots, which of
thefirst, second and third directionsis the candidate sagittal direction with a candidate plurality

of dices associated therewith.

[0012] In accordance with another aspect of the present invention thereis provided a method
of determining an approximate location for a mid-sagittal dice from a plurality of slices of brain
volume data. The method includes obtaining the brain volume data for the plurality of dices,

where the plurality of dicesis generally oriented paralldl to a sagittal plane and the plurality of



plurality of slices, plotting the measure for each slice of the plurality of
slices, sequentially along a plot axis corresponding to respective first,
second and third directions, to produce first, second and third measure
Iots and determinin the first, nd an h|rd measure.plots
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plural rtydafsaglwltmed mrdentmylr@iltm @ptiimasnoddstrenamohgste luateeasimes determined for
each Sleeth %1: stobgrSJ the brain volume data for the plurality of slices,
WHEFE s is generally oriented parallel to a sagittal plane
and the plurallty of 4 slices is positioned along an axis that is normal to
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3] In accordance with a further aspect of the present invention there Is

sagittqlrevRet@mbeiathihe cpResiraere fl i el eaeanel Ag it bk el et ensgmran actual
sagittd DR IOT AR IR IR OEAHNIEAY | FLRYORHA YR Hlfaﬂﬂﬁb brain

in a three-dimensional space associated with first, second and third

vol umg e bersa stk sk Boplcstiees thithesivst sbiestissireDEI Dg ANy depe data for a
secon@PIGFaffts GoaUdate 1RRQHN iR eEPonPEIRY ﬁh‘f‘g‘ﬁ%ﬁﬁ%%ﬁ%%fb% #f athird

first, second and third directions to an actual sagittal direction. The
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brain volume data for a second Iura ity of slices in the second direction,
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third plurality of slices, for each of the first, second and third plurality of
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third directions to produce first, second and third measuré plots and
there’lﬂgﬂermlnlng from the first, second and third measure plots, which of the
first, second and third directions is the candidate sagittal direction with a

[0014Fandidiaée veetityref febpaeassoripiedarihareition will become apparent to those of
ordinary skill in the art upon review of the following description of specific embodiments of the

invention in conjunction with the accompanying figures.
BRIEF DESCRIPTION OF THE DRAWINGS
[0015] In the figures which illustrate example embodiments of thisinvention:

[0016] FIG. 1lillustrates stepsin a mid-sagittal plane-determining method according to an
embodiment of the present invention;

[0017] FIG. 2illustrates three plots, each plot showing a normalized energy measure in each

dice of asat of dicesin avolume of interest associated with one of three directions;

[0018] FIG. 3illustrates a normalized plot of measures for exemplary dicesin avolume of
interest associated with the sagittal direction along with images of seven of the dices;



[0014] Other aspects and features of the present invention will become
apparent to those of ordinary skill in the art upon review of the following
description of specific embodiments of the invention in conjunction with
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invention: [0016] FIG. 1 illustrates steps in a mid-sagittal
[0020plankl e tiBriinisfcpiesohad elocardisgnesaur es fob saditiehslitanef grbentvol ume scan;
invention; [0017] FIG. 2 illustrates three plots, each plot showing a
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Interest associated with one of three directions; [0018] FIG. 3 illustrates a

ormalized plot of measures for exemplary slices in g volume of interest
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mid-sagittal slice based on a final mid-sagittal plane obtained using an
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embodiieteirofibadresanhizaoniamsing an initial mid-sagittal plane defined
based on the initial slice of FIG. 5A for building a starting simplex

[0024RCCQERNG A0 A PARRRATARM Ohi-BrRSPY | dBvention; [0024] FIG. 6A

lllustrates an initial mid-sagittal slice; 10025] FIG. 6B illustrates a first final
mid-sagittal slice based on a final _mid-sa%g%éj?l ne obtained using an
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Nelder-Mead optimization using an initial mid-sagittal
[0026] FIG. 6C illustrates a second final mid-sagittal dice based on afinal mid-sagittal plane
obtained using an energy measure and Nelder-Mead optimization using an initial mid-sagittal
plane defined based on theinitial dice of FIG. 6A for building a starting simplex according to an
embodiment of the present invention;

[0027] FIG. 7A illustrates a sagittal dicethat is affected by statistical noise;

[0028] FIG. 7B illustrates a sagittal dicethat is affected by radio frequency inhomogeneity

noise;
[0029] FIG. 7C illustrates a sagittal dicethat is affected by partial volume averaging noise;

[0030] FIG. 8Aillustrates alinear representation of a mid-sagittal plane on an axial dice of
brain volume data, where the mid-sagittal plane has been obtained using an energy measure
according to an embodiment of the present invention;



plane defined based on the initial slice of FIG. 6A for building a starting
simplex according to an embodiment of the present invention; [0027] FIG.
7A illustrates a sagittal slice that is affected by statistical noise; [0028]
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representation of a mid-sagittal plane on a coronal slice of brain volume
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measure according to an embodiment of the present invention; and
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an embodiment of the pre I i T DESCRIPTION

[0034] In overview, volumg)ﬂfﬁﬂgﬁﬁgg‘%%ﬁiiﬁ@vithm a

three-dimensional brain image by slices of brain volume data associated
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optimization technique, which opérates until a convergence criterion s
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issatisfied, at which point afinal estimate of the mid-sagittal plane may be produced.

[0035] FIG. 1illustrates steps in an exemplary mid-sagittal plane-determining method.
Initially, brain volume data is read into a processor (step 102). The brain volume data may be
MR data or any other image data. Notably, MR data istypically provided in slices oriented in
three orthogonal planes or axes, which may, for example, be labeled X, Y and Z. However, for
the purposes of the methods described herein, if the image data is not provided in dices, then the
image data may be processed to rearrange the image data into slices. As should be clear to a
person of ordinary skill in the art, three dimensional volume data contains a set of two-
dimensional dlices normal to and along each of three orthogonal directions (X, Y, Z). Thisisa
basi ¢ principle of tomographic imaging, use of which allows one to obtain a two dimensional
dice of an object described by three dimensional data. Each sice normal to a given axis may be
associated with a coordinate in the given axis. For example, adice normal to the X direction may
be associated with x = 5, since, for each pixe inthedice, x = 5.



Initially, brain volume data is read into a processor (step 102). The brain
volume data may be MR data or any other image data. Notably, MR data
is typically provided in slices oriented in three orthogonal planes or axes,

hi f le. be laheled X, ¥ and.Z. for th .
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dimensional slices normal to and along each of three orthogonal directions
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three dimensional data. Each slice normal to a given axis may
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the slice, x = 036] Notably, the brain volume data can be either

directigBtropic or anisotropic. That is, each voxel in the brain volume data may
have a uniform size along all three orthogonal axes or may exhibit
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slices normal to the X direction may be labeled Xmax, the number of
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of the slices normal to the given direction. An assumption is made in such
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. Xmax/2, The jndex defined far midy m or_instan ev=Ymax/2. = _ .
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20 mm; Final_x = mid_x + 20 mm; Init_y = mid_y — 20 mm; Final_y = mid_y + 20 mm; Init_z =
mid_z — 20 mm; and Final_z = mid_z + 20 mm. The difference value may be considered to be
converted into a number of dices, given the dimension of the voxels normal to the direction of

interest.

[0040] Thethree volumes of interest can then be defined using the initial dice and the final
dice. Thethree volumes of interest associated with the three directionsinclude: avolume of
interest associated with the X direction (VOlIy), whose candidate dices include only the slices
normal to the X direction associated with the x-coordinates ranging from Init_x to Final_x; a
volume of interest associated with the Y direction (VOly), whose candidate slices include only
the dicesnormal tothe Y direction associated with the y-coordinates ranging from Init_y to
Final_y; and a volume of interest associated with the Z direction (VOI,), whose candidate slices
include only the slices normal to the Z direction associated with the z-coordinates ranging from

Init_ztoFina_z.



for an initial slice and a final slice normal to a given direction may then be

determined based on the index for the mid slice normal to the given

direction and a difference value: In|t x mid_x - 20 mm; Final_x = mid_x

+ 20 mm: |nit m|d - 20 mm; F 20 mm; I
o e L R Rl B P st ey
be defuwiseskemtbmdlheqanmmrmmm proodssoromslycsspijvendive thienaiames of interest
asinp {the voxels normal to the direction of interest. [0040] The three volumes

PEFinterest can then be defined using the initial slice and the final slice.

The three volumes of interest associated with the three directions include:
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dice) ﬂ%\g @H%i o |H9§ gé!?&%n& é@?{aﬁ?em%% Q&E’Bﬁﬂ?ﬂﬁe following.

assoclated wit X-CO rdlnate anging from Init_x to Final x; a volume

Accorgfnattsreivasaoidtetl withe:hiniagi Braianu tang)  Bleest SupphyiaattTdiiees
DimefidtH Mo aliE6 %#&%&h?oxa%ﬁ%@ ?/?é%?‘%é‘”ﬁ@est the sagittal dlice

y-coordinates ranglngf om Inity to Fin. d’a volume of inte

20 mras?w&ét@m ihehnedi A spastabs | e ORI | bR BwRIAeHII afeal bR eimelileit Cross-sects
the arQOM A FICESNFINALIR tere PA{&%E'%@?EV%%@E?%&&%M ﬁ%?E%I%BFS&m nal fluid

ranging from Init z to Final z. 8 [0041] As e apparent to a person of

(CSP)dritharpeincentisease, Tie vwadial caaittnlegice ofhig henaehe sioukésaa Rgvernoy, H
M, THORIRTREEEFAn 28 BEPEISEF 2h cﬁ‘ﬁ‘yaﬁﬁ“ﬂw&@ﬁﬁ'ﬂ&%gp%ﬁiﬂfmatomy,

interest as input. [0042] It should be noted that a difference value of 40
secon¢-eli {20, RN BeEsith NSl L 89 BIARY te reriaha s Fuater mpyamiephpihtapatter

sIructJr}é? e I—P§ h@ﬁﬁ@éﬁﬁd%@@@ﬁ%%@ﬂ&lﬂ%% eﬁﬁqm E15’hese differences

Duvernoy, he Human Brain: Surface, Blood Supply, and Three

in the@ﬁﬁéﬁ@t@h@m'stemmm&man@;ﬁ%@ﬁ@r@dh@mt@b eyiiefigreaow the
IocatlclSh?&’%héhﬁlﬁélgﬂﬁf’t‘J %a?@u%&ﬁ%éfoﬂ‘%@ﬁgﬁog?ﬁﬂ% #lgahaso mm

large manifestation of white matter, it cross-sects t um and the

differgngayatiesProviaes pRaRERRBIRRNAHIGA SIRAEIRE AeY darbBnedisngyitable

vol un{M%ég% ketgasningeal space. The medial sagittal slice of brain may
be shown (see Duvernoy, H. M, The Human Brain: Surface, Blood

Supply, and Three Dimensional Sectlonal Anatomy, second edition,

[0043hpnﬁ§é TeYRAUTESY dniskesh) 3 SNEgRHERTQr 1l & ASRRCPERRESH Ay be
deterrbtriegtises @(D@I B targylfcﬁn@aﬂeamwmmfﬁ& Kt gl vietecheaispRg e normal to the

flssuréfThese differences in the manlfestat n of whijte r’r}atter and CSF

X diredifih & tHES FEMRATS SRER MESStE atio W 'fiee determined from:

1,227 X,
j.k

where X isthe intensity value of a pixd at the location (j, k) within the given candidate dlice,
where | represents the row index of the pixel and k represents the column index of the pixel.

[0044] A second exemplary energy measure, |,, may be determined from:

I, ? ?? Xjk Iog(Xjk) .
ik

[0045] A third exemplary energy measure, |3, may be determined from:

2
1,227 X -
j.k

[0046] A fourth exemplary energy measure, |4, may be determined from:



location of the initial mid-sagittal slice. However, it should be recognized
that the 40 mm difference value is provided as an example only and it
should be clear that another suitable volume range may be chosen.
[0043] For each volume of interest rr?gasurg (for example, entropy or
energy) may be determined (éte% 3%6?(&?’@ A for each candidate slice.
For a given candidate slice normal t&'the X direction, a first exemplary
energy measure, it, may be determined from: 11?29 xjk j,k where xjk is the
[0047Interfsitif thaduenanl arpigadray thedswtion (ak)baideier thimeghfeeontandidate
slice, where j represents the row index of the pixel and k represents the
column index of the pixel. [0044],A$ ’3{3 exemplary energy measure,
12, may be determined from: jz ?? 9 xjk [0§(xIk ) j,k [0045] A third
exemplary energy measure, 13, may be determined from: 13? ?7 xjk. j,k
LOO46] A fourth exemplary energy measure, 14, may be determined from:
[0048h 4198 oRRLARNS Pl tRAPHVE FERRLBRISIARY IR AFhReaSEre Aghough the

above'ﬁ@y%ﬂ’ﬁ’@iﬁr@ﬁ@@ﬁ@@baﬂﬂla&e@g&g@m@@%ﬁmWfQﬁ?@ﬂ %ﬁ'ﬁf&l@fbe clear that
the above energy measures may also be used. Although the above =~
CO”@H@?QW@@H@HF%M 48 ‘fﬁéﬂﬁéﬁm ited W%m?t%‘éeifefrﬁ@?ﬂﬁﬂ? slices

normé&helé Reditead dhahE evecs pfveiing Sttieikleadns)rekipesdaiddeter o al ue for

energy measures for candidate slices normal to the Y direction and the Z
each WQE&%&%%&%%&?WQ UREEhroduce a single value for each

candidate slice in the volume of interest. [0049] Where i is an intensity
[ 0049V alugViieee pidsednin raagis gnveturesiof at pi secien avbieenpisiediotaty shesyendairch pixel may

nave RSN ARSI M AN IRASRHARGERIRDE BERRISIE N p s the
probability that a pixel randomly selected from among the pixelsin the given candidate dice has
theintensity valuei, afirst exemplary entropy measure, 11(p;), may be determined from:
255
1,772 ? plog?p?
i?0
which may be considered a measure of uncertainty of p;. This measure is the negation of the well

known “Shannon’ s entropy” measure.

[0050] Wherepio isthe probability that a pixel randomly selected from among the pixelsin a

reference dlice has the intensity value i, a second exemplary entropy measure, 1,(p,, p,,) ,» may

be determined from:
255
1,(P, Po) 272 P log(p / p,)
0

which may be considered a measure of the relative entropy of the distribution p; with respect to
the distribution of pio, and is known as the “ Kullback-Leibler distance” between p; and pio.

[0051]  The above entropy measures are determined by summing over arange of intensity
values. In the equations given, there are 256 intensity values. The reference dice normal to each
direction may be the corresponding initial dice. Like the energy measures, these entropy

measures produce a single value for each dice.



probability that a pixel randomly selected from among the pixels in the
given candidate slice has the intensity value i, a first exemplary entropy
measure, li(p,), may be determined from: 255 I, ?Pi ? ? ? Pilog 'Pi ? 1’?0

be considered a measure unc rtain This asur
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measures to have a beII -shaped curve may be identified as havin 33; plot

[0053hxis AdEiaaipeshyiRQEERtRE dagieRPUREBMSH Y BYARASRTR 7ad e Hag normalized plot
of meRaesRY IBSiaNEEe 3568 RMiBLLo the X direction 202 when compared to the normalized

plot of measures for candidate slices normal to the Y direction 204 and the normalized plot of

measures for candidate dicesin the Z direction 206. That is, an axis orthogonal to the plot axis
may be found, in the normalized plot of measures for candidate slices normal to the X direction
202, about which the plot exhibits a greater degree of symmetry than either of the other two plots
exhibit about any axis orthogonal to their respective plot axes. As such, the X direction may be
identified as corresponding to the sagittal direction.

[0054] The peak of the normalized plot of measures having a plot axisidentified as
corresponding to the sagittal direction may be considered to be an optimal measure and to
correspond to a candidate dlice close to the mid-sagittal plane. In thisway, a coarse estimate of
the location of the mid-sagittal plane can be made from the three plots.

[0055] In other embodiments the energy or entropy values are not normalized before being
plotted. If a normalization function is used to normalize the plots, it should be clear that the
normalization function should be an increasing function to preserve the maximum in the data so
that an optimal measure can be determined. (An increasing function is one in which the bigger
the value of the argument the bigger the value of that function.)



bell shape by recognizing that values of the measure monotonically
increase until a point or a set of points and then monotonically decrease.
In the exemplary plots of FIG. 2, the normalized plot of measures for

o A BB A S R R A R e v

normab Aibagift ahetisarios02 Nodediyctasate finedcherinedt s afittebdires 20a i FIG. 2)
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normaljzed plot of measures for candidate slices normal tp, the Y direction
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to illudiratetchark§®s.i i bedi is st @risapalnahihegidak thietpdatl e meagubes 8 d,ha candidate
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user (SRR ROLTCAT SHSIT o e B e B avalue of the
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sagittal direction may be considered to be an optimal measure and to

[0057FOI¢$R0NA 9 Gsﬁ‘aﬂgig@&m%ﬁ?ﬁréé%%@tﬂ%@ﬂé%ﬂﬁtﬁw HiFody r%és%%ffor 37

a coarse estimate of ation of the"mid-sagittal plane can be mad

candi e piiisestal edi prbBsalo ySBMe sthiR NEFIRh HirAdMNR SasiEabJl ERCE Afra§ can be seen
from (I PRAIRBE LN HEALASH LSSR56RE R Bl QB Bntindal RIsAg o Bl asi8onding

Is used to normalize the plots, it should be clear that the normalization
plot afgapesiatertiGRI2Be it Haes SR1AG NG BB MRPPIESARAEURRG Rk @k Canddate slices
19 an@2tR(FR, &t 80y optimal measure can be determined. (An increasing

function is one In which the bigger the value of the argument the bigger

the value of that functign.) 11 [0056] FIG. 3 illustrates another bell-shaped
[0058} o ifr, &P HBISBRHRR BQIPEY BB5° ISR SRR SREHA M B RdgMeasures for 47

candi dARAS @S0 A 2460 A hiteMithesta i Rdzes PlethaheeasuremPuaiddtan of FIG.
an) ”SEJHThe normalized plot of measures 302 is defined over 20 exemplary

Bida ke HE‘;\I%%B’%@?{@PMWQYBHB%W%Q%&(ﬁ'%‘?i%%‘s"res
produﬁ"@arpéavl ammétgmréaa@aadigll' il @I@tﬁi%d?d@éﬁi@%??,&@gﬁgﬂ@?ﬂamng measure
exemplary candidate slices are illustrated, as indicated by reference
prodqumg]@ﬁqal}(ﬂ’ch ﬁﬂﬁ gec%%ﬁg%s%:b% n anatomy around the peak of

the plot of measures 302. The candidate slice at which the peak of the
[ 0059bell-Elaelp edtmoamatasd gohodyg ft heeeisrrcse0R scdeetstalapdii® the sel ection of an

initial mid-sagittal dice, coordinates of pixelsin which may provide a good starting s mplex for

the optimization technique used to determine a location for afinal mid-sagittal plane.

[0060] In FIGS. 4A and 4B, a solid line represents Kullback-Lebler entropy measure,
1,(p:, pP,), asolid line connecting plus signs represents the fourth exemplary (log weighted)

energy measure, |4, an alternating dot-dash line represents the third exemplary energy measure,

I3, a dashed line represents Shannon entropy measure, |1(p;), and a dotted line represents a sixth
2

? :
exemplary energy measure 15?2 ? X, ??)? X, ? - The Applicants have achieved better results
I 2 ik

with the Kullback-Leibler entropy measure, 1,(p,, p,,) - However, it should be noted that the first

exemplary energy measure, 14, isthe least computationally intensive measure among the
measures proposed herein.



selected as an initial mid-sagittal slice (step 110, FIG. 1). The initial
mid-sagittal slice may be used to define a first estimate of a location for
the mid-sagittal plane. The coordinate value of the initial mid- sagittal

oo A TRt R R i i

mi d-sagete . e fendrmalatacticzle dilieettonf AHe shilbicli midb Bagi & & Ghilcemay dktooasi dered to
have nown Isg it‘gl (Bre tiolg. A can be Egeern rfrom %}Iae lots, three of the
%%as%l;esébrdduée é’pé‘a@"o bt ST e corresponding plot

at candidate slice 21, with the remaining two measures producing peaks
atfubhdicare Ecés1)19 and 20 (i.e., N= 21). [0058] FIG. 4B illustrates plots
of three energy measures and two entropy measures for 47 candidate
sliEgs ?,f se@ond prain volume scan (distinct from the first brain volume
scan of FIG. 4A) normal to a known sagittal direction. As can be seen
from the plots, fqQur of the measures produce a peak in the corresponding
%gét%aaﬁjglfyé‘l‘i’ée 7With the remaining measure producing a peak
at candidate slice 28 (i.e., N = 27). [0059] Each optimal measure may,
thiereforez) e (bbnside ko lead to the selection of an initial mid-sagittal
slice, coordinates of pixels in which may provide a good starting simplex

[0062f°" HRGRHMIFARPELREANR URAHLS HPtRETHIR RGP, RY, 3IN8)) of theinitial

~ mid-sagittal plane. [0060] In FIGS. 4A and 4B, a solid line represents
mi d'SﬂG'JHBh ke &N PR HSREIPIERG NG 2 BAPINGIa)P %§Qﬁ@ﬂiﬁ§%ﬁﬂﬁ’8@ﬂr@ ocess (step
112, FES1SIOMNSCIURFRAS BIGHO I GemElans CRanksGHl FReFSittal plane may be

measure, 14, an alternating dot-dash line represents the third exemplary

used %B%fﬂm,'@g%oﬂﬁﬁ%n@%@%%% %ﬁb@?@ﬁth@@' ved by the

opti mIPEASY FPotie ma) e SIAL-HNE (RRIFREDIAE ShHMiSXB BRREA BRETEREhNi ques that
measure 16 ? 9 xjk ? 9 Xjk '3 . The Applicants have achieved better _

can b@é@@%@ﬁR“?ﬁ,ﬂ@'? WﬁﬁQﬁ@mmIB%R%mm%ﬂ@d@%’mS(Mfr@ﬁ?@‘lgor'thm of

Nel deH V8N @bt o exprire B abdh tissh SRR NSRRIV AR Hhition
the least computationally intensive measure amon%[he measures

technigrss syadahta M el apilsa Prosis) merkstasidrEae MrtaNpemah deattfat

M ass3Rsusarglidate slice selected as the initial mid-sagittal slice is normal to the

X di_rection_. The initial mid-s_agittal slice may be considergd to have four
[ooesﬁ_”'/&%smg%ﬁf)’%’ B ey TR e Bl oA e Gt 22 o provie that may
be used io obtain a better estimate of a location for the mid-sagittal plane in a volume scan of a
brain from theinitial mid-sagittal plane isthe Nelder-Mead optimization technique. The Nelder-
Mead optimization technique is commonly used in non-linear regression problems and is known

to operate under a number of rules, which may be expressed as steps.

[0064] The Nelder-Mead optimization acts upon a Ssmplex, which isa shapewith m+ 1
vertices, where m is the number of parametersin the optimization problem. Thus, when the
Nelder-Mead optimization is used to solve a two parameter optimization problem, the smplex
has three vertices, i.e., the smplex isatriangle. The determining of alocation for the mid-sagittal
planein athree-dimensiona brain image may be considered to be a three parameter optimization
problem (m = 3). As such, the ssimplex for the Nelder-Mead optimization has four (m+ 1)
vertices. Theinitial mid-sagittal plane has four vertices, Py, P2, Ps, P4, as defined above, and may
be used for building a starting ssimplex for a Nelder-Mead optimization.



P2(x,Y,z)=(N, 1, Z.); P3(x,Y,z)=(N, Ymax, 1); and P4(x, Y, Z) = (N,
Ymax, Zmax). [0062] The initial mid-sagittal plane defined by the four
vertices (Pi, P2, P3, P4) of the initial mid-sagittal slice may be used for

oo G L R S LA B T iRt
determinae finayVee exsgy iasitipat-fintbesontinpaation i spass AT berepiina tiatéen

. roblem to be solved b optimization process may pe formed as an .
cimer A s e A P B e e o B comsicr the
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coor o e e e R SO REIRER, 4 sven. e
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mentioned. an exemplary_technjgue for. solving an optimization problem :
coord B B E BT A oA 0 B nore vertces
in therthickes dgiterispiaaepar amedlinspaseanay e defaiediontdeatimd dt onmidssiaggteth of the
Coordm%r%_i%%-l%Nelde_r-Megd optimization technique._The Nelder- Mead

optimization technique is commonly used in non-linear regression

problems and is known to operate under a number of rules, which may be

eXpressed dsstepk. [0064] The Nelder-Mead optimization acts upon a

simplex, which is a shape with m + 1 vertices, where m is the number of

p@éa_n?ggé i_pf.;r’\%?pggaization problem. Thus, when the Nelder-Mead

optimization is used to solve a two parameter optimization problem, the

simplex has three vertices, i.e., the simplex is a triangle. The determining

ofSa Tol4tidn fertRé-mid-sagittal plane in a three-dimensional brain image

may be considered to be a three parameter optimization problem (m = 3).
[0066/:S SHn b SHaRieaipyEResierdiead RpiRason hastius teona

vertices. The initial mid-sagittal plane has four vertices, Pi, P2, P3, P4, as
paramglfin dePSBBRe, and may be used for building a starting simplex for a

Nelder-Mead optimization. 13 [0065] Three of the four vertices of the

indjad (Nl afttal plane may be processed to determine a first vertex, So,

in a three-dimensional parametric space. A plane in a three- dimensional

p@;gg%@;pﬁ(:ﬁ is defined by three three-dimensional points. We may

consider the’ initial’ mid-sagittal plane to be defined by vertices PI, P2 and

P3, P;=(x,, V;, ;). Vertex Plhas a 'y

S ={N,N+?,N}; and

S={N,N, N+ ?}.

[0067] To executethe Nelder-Mead optimization, a value for an objective function may be
determined at each vertex of the smplex. The objective function may be, for instance, based on
an original function such used to determine which dice of the volume of interest should be
selected asthe initial mid-sagittal plane. However, while the Nelder-Mead optimization is
designed to find a minimum, the original function used to select theinitial mid-sagittal planeisa
maximum for the dice closest to the mid-sagittal plane. As such, the objective function may be
formed by negating the original function so that a point in the parametric space associated with
the minimum value of the objective function is actually associated with the maximum value of

the original function.



coordinate in common with vertex P2 and a z coordinate in common with
vertex P3. As such, the first vertex, So, in the three-dimensional
parametric space may be defined by the set of three x coordinates for

hree.vertices PIl, P2, P3, that.is, So =1xi, X2, x31. Addijtionally, three more
ooss] e B e e b P A o B L, n
determieviagitrg bojeriBe iueaicdn 6ditis: requirdsdaesinatgth8 sempxdfti ixi2enssties of the

ixel \Sf’"i :%jé(i x2 +?,x3 and S3 = fxl, x2, x3 + ? }. [0066] From our exemplary

PIXESRAN Isca)ove, the four vertices in the three-dimensional parametric

space are: So={N, N, NJ; S1 ={N+?, N, N]; S2 ={N, N+ ?, N]; and S3=

{NP1(NH2.ly,[006 TN FoeXiedlite the Nelder-Mead optimization, a value for

an objective function may be determined at each vertex of the simplex.

Tbg(gzbjyc}j\ée(wnft'@nqaxljlaa}ﬁ@e, for instance, based on an original function
such used'to determine which slice of the volume of interest should be

selected as the initial mid-sagittal plane. However, while the Nelder-Mead
o&?(?ﬁzé(ti@n:ié'\'dggignéh to find a minimum, the original function used to
select the initial mid-sagittal plane is a maximum for the slice closest to
[0069he Mtk deedoideNd Exoleophisnitativriiseyodjedtide: function may be formed by
negating the original function so that a point in the parametric space

a int th the. mini val iactiy o _
D e e e TR S R e contoi
inkienien, ol e sl the! eritfieddigrtiew eltete objective function may be i,
and determining the objective function for Si requires determining the

2) Sy VR EBefaiRTeel JafuRNIBIS & MBTISR SR EXTE The AmiNitim Jalls among the
P2(x2,Y, z% = (N, 1, Zmax); and P3(x3, Y, z) = (N, Ymax, O _
values of the objective function at the other three vertices, expand the smplex and reflect

further;

3) If the value of the objective function at the new vertex is merely good, start at the top and
reflect again; and

4) If the value of the objective function at the new vertex is the maximum value among the
values of the objective function at the other three vertices, compress the smplex and
reflect closer.

[0070]  Inthe case of athree-dimensional parametric space, the smplex is atetrahedron. The
centroid may be found by averaging each of the coordinates of the three vertices that are not the

vertex with the maximum value.

[0071] The steps arerepeated until a predetermined convergence criterion is satisfied, at
which time a final mid-sagittal plane may be considered to have been defined. In particular, the
best vertex in the three-dimensional parametric space defines three verticesin the three-
dimensional brain volume scan space. Using these vertices, a plane equation (Ax + By + Cz+ D =
0) may be formulated. Using this plane equation, an image of the optimal mid-sagittal plane may
be constructed from the volume data. The image of the optimal mid-sagittal plane may then be

output.

[0072] An exemplary convergence criterion can be defined as



[0069] The Nelder-Mead optimization steps include: 1) Reflect the vertex
with the maximum value of the objective function through the centroid
(center) of the simplex to locate a new vertex; 2) If the value of the
objective function at the new vertex isr e m_irJLmum value among the
values of the objective function gt th% othér three vertices, expand the
simplex and reflect further; 3) 1f tife alue pf the objective function at the
new vertex is merely good, start at fhe top and reflect again; and 4) If the
value of the objective function at the new vertex is the maximum value

whereamong the values of the objective function at the other three vertices,
compress the simplex and reflect closer. [0070] In the case of a
three-dimensional parametric space, the simplex is a tetrahedron. The
centroid may be found by averaging eaghfof the coordinates of the three
vertices that are not the vertex witlh thelmaximum value. [0071] The steps
are repeated until a predetermined convBlgence criterion is satisfied, at
which time a final mid-sagittal plane may be considered to have been

is the dediment. the phjectiverfutinei doeshddies inethal tlorefewbmig scivedlpatiomatitice n™”

v A R ST R R RS s <

wherepay dpréosfidatedall simglidis plane equation, an image of the optimal
mid-sagittal plane may be constructed from the volume data. The image

[0073£f thﬂ%%@&é‘%&f Sahinlang, %ﬁ% itnago%ero BEAQ% lon to find the
xemplary convergence criterion can be definedas 15 m )ffr 27?7z

maxi g el WeHereha ol gcti ve function. Notably, if the brain volume datais not rotated or
trandated relative to a pre-determined frame of reference as provided, the trand ations and
rotations associated with the optimizing step may not be required. However, such acaseis

expected to be rare.

[0074] FIG. 5A illugtrates an initial mid-sagittal dice 502. FIG. 5B illustrates afirst final mid-
sagittal dice 504 based on afinal mid-sagittal plane obtained using the Kullback-Leibler measure
and Nelder-Mead optimization using an initial mid-sagittal plane defined based on the initial
dice 502 of FIG. 5A for building a starting smplex. FIG. 5C illustrates a second final mid-
sagittal dice 506 based on afinal mid-sagittal plane obtained using an energy measure and
Nelder-Mead optimization using an initial mid-sagittal plane defined based on the initial dlice
502 of FIG. 5A for building a starting smplex.

[0075] FIG. 6A illugtrates an initial mid-sagittal dice 602. FIG. 6B illustrates afirst final mid-
sagittal dice 604 based on afinal mid-sagittal plane obtained using the Kullback-Leibler measure
and Nelder-Mead optimization using an initial mid-sagittal place defined based on theinitial dice
602 of FIG. 6A for building a starting ssmplex. FIG. 6C illustrates a second final mid-sagittal
dice 606 based on afinal mid-sagittal plane obtained using an energy measure and Nelder-Mead
optimization using an initial mid-sagittal plane defined based on the initial dice 602 of FIG. 6A
for building a starting smplex.

[0076]  Oncethelocation for the final mid-sagittal plane has been determined, a function may
be determined to re-orient the final mid-sagittal plane to a predetermined location. There-
orientation function, which may include trandation and rotation, may then be applied to all of the



m is the mean of the objective functions and f* is the value of the objective
function at the nth vertex, S". The Nelder-Mead optimization may be
considered to have converged when s < e, where e is a predefined small
. number. [0073] The Nelder-Mead optiimization may ipglude rotation apd ,
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obtained using an energy measure and Nelder-Mead optimization using
averagiRgmakersid. sagated pdn&défned based on the initial slice 602 of FIG.
6A for building a starting simplex. [0076] Once the location for the final
[0078Mid-AauiiRbidang ) asdeesbrigie retheds affuaehomma eI For B¢l dosagittal
re-orjent the final mid-sagittal plane tq a Ecredetermined location. The re-

plane yy;a YA ! PO 8rel bR Rags dleked MEGIPARE PoRStsHed g R Pn
sati sfapCorPp tieehtte Aleqiridente dprajchuediie astpin HSH eV AN Mdese ty noise and
such as the known Affine Transformation, to orient the brain volume data

partial gl UNeEBINPINARE system for further analysis. [0077] The procedure

of obtaining Magnetic Resonance Imaging (MRI) brain volume scan is
[0079] FIG. 8A illustrates alinear representation 802A of an optimized (final) mid-sagittal

plane on an axial dice of brain volume data 800, where the mid-sagittal plane has been obtained
using the first exemplary energy measure, I, outlined above. FIG. 8B illustrates alinear
representation 802B of an optimized (final) mid-sagittal plane on the axial dice 800 of FIG. 8A,
where the mid-sagittal plane has been obtained using the Kullback-Leibler entropy measure,
1,(p:, P,) , outlined above.

[0080] FIG. 9A illustrates alinear representation 902A of an optimized (final) mid-sagittal
plane on a coronal dice of brain volume data 900, where the mid-sagittal plane has been obtained
using the first exemplary energy measure, I, outlined above. FIG. 9B illustrates alinear
representation 902B of an optimized (final) mid-sagittal plane on the coronal sice 900 of FIG.
9A, where the mid-sagittal plane has been obtained using the Kullback-Leibler entropy measure,
1,(p:, P,) , outlined above.

[0081] Advantageously, aspects of the methods of determining alocation for a mid-sagittal
planein athree-dimensional brain image described above obviate such drawbacksin previously



known to be inherently marred by various types of noise. One type of

noise is a statistical noise, which is random and of high frequency.

Statistical noise increases as the signljal[z‘strength increases or as the

acquisition time is decreased. Another saurce of statistical noise is .the
nowiREHRKE e RIS Sha RDU KRR 98 Fher iramiat 'hmay be
consi dehgitthbs beped@t lad [ efaciavehy ostatesticahtat orei isddjustdate dnd Briénot limited to

A. Another type of noise, radio frequency (RF) inhomogeneity noise,
small Z'n@ 'Bﬁ‘&tﬁﬁ%ﬁé@'oé“ f?ﬂlg%%fiysical structure of the coils of the MRI system.

RF inhomogeneity noise may be seen to occur due to many physical

[0082}actrbeiiteegn naisleseri hgmdwaventins dngbithratpcetsyr ool (RS Hygrah Adterations

and nﬁﬁﬂ%@diﬁh@%\g\%ltﬁé @%&?%@é%l&ﬁ@%&g&?s@i H%’?geﬁt%étfﬁé%orated in
In FIG. 7B. Partial volume averaging noise becomes more dominant as

the scepedeniekse siefimerkbby e AceaRanysligsaBshat is affected by partial
volume averaging noise is illustrated in FIG. 7C. [0078] Advantageously,
aspects of the methods of determining a location for a mid-sagittal plane
in a three-dimensional brain image described above may be considered to
function satisfactorily despite the presence of such noise as statistical
noise, RF inhomogeneity noise and partial volume averaging noise.
[0079] FIG. 8A illustrates a linear representation 802A of an optimized
(final) mid-sagittal plane on an axial slice of brain volume data 800, where
the mid-sagittal plane has been obtained using the first exemplary energy
measure, li, outlined above. FIG. 8B illustrates a linear representation
802B of an optimized (final) mid-sagittal plane on the axial slice 800 of
FIG. 8A, where the mid-sagittal plane has been obtained using the
Kullback-Leibler entropy measure, 12(pi, pl10o), outlined above. [0080] FIG.
9A illustrates a linear representation 902A of an optimized (final)
mid-sagittal plane on a coronal slice of brain volume data 900, where the
mid-sagittal plane has been obtained using the first exemplary energy
measure, li, outlined above. FIG. 9B illustrates a linear representation
902B of an optimized (final) mid-sagittal plane on the coronal slice 900 of
FIG. 9A, where the mid-sagittal plane has been obtained using the
Kullback-Leibler entropy measure, 12(pi, p10o), outlined above. [0081]
Advantageously, aspects of the methods of determining a location for a
mid-sagittal plane in a three-dimensional brain image described above
obviate such drawbacks in previously 17
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known methods, such as a requirement for a priori information on slice
orientation. It may be considered that aspects of the present invention are
orientation independent and are not limited to small tilts in the brain
volume data. [0082] The foregoing ded8ribes the invention including

erred forms thereof. Alterations and modifications as will be obvious
to those skilled in the art are intended to be incorporated in the scope

1. A meshotzompfisag by the accompanying claims. 18 We claim: 1 1. A

method comprising: 2 (a) determining a candidate sagittal direction for a

brajniagnisaia Biatideeideli DR ecrbRY dPrat A0l Mg s addhdin image defined
three-dimensional space associated with first, second and third 4 )
dirs sV smeicstad B ihesririend QiR Sharr aseraigisrMAHbIET «seeard and third
O PéctPeid, 2870 26coAGIHH THIRFHRBABHLEPFREAMNAE QRIPbiRId said
first, second and third 6 directions to an actual sagittal direction, said _
dERHHAR SR i FRAtiend sag e Blinsetishr ertthah saiF dir 8 esAndARd third

firgit EbfieptinenaiaRRr HGiian 8 rbdénr sl PhaRithHRG H1AesH A RBEIAINE direction
brain volume data in said first volume of interest for a first plurality of 10
SIFEBPHSEY first direction; 11 defining a second three-dimensional

volume of interest of said brain image; 12 obtaining brain volume data in

said secdefthiadLenie Dt interdishéntiarse cohehé 3 htenbity off slidesdim Saidhe;
second direction; 14 defining a third three-dimensional volume of interest

 said brain ir . J . T -
o i R AP N A R B iy o
determirsheeaimeadiresfolredipnslice of said first, second and third

plurality of 18 slices; 19 for each of said first, second and third plurality of

slices, plQifiRg§aldeprapredel nih s BitieRTimbes iadid BiWRit ah image;

slices, sequentially along a plot axis 21 corresponding to respective first,

second and third directions, to produce first, 22 second and third measure

plots: angpPtaining brain volume data in said second volume of interest for a second

plurality of dicesin said second direction;
defining a third three-dimensional volume of interest of said brain image;

obtaining brain volume data in said third volume of interest for athird plurality of
dicesin said third direction;

determining a measure for each dice of said first, second and third plurality of
dices;

for each of said first, second and third plurality of dices, plotting said measure for
said each dice of said plurality of dices, sequentially along a plot axis
corresponding to respective first, second and third directions, to producefirst,
second and third measure plots; and

determining, from said first, second and third measure plots, which of said first,
second and third directionsis said candidate sagittal direction with a candidate
plurality of dices associated therewith.

2. A method as claimed in claim 1 wherein said determining which of said first, second and

third directions is said candidate sagittal direction comprises recognizing, from said first, second
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23 determining, from said first, second and third measure plots, which of
said first, 24 second and third directions is said candidate sagittal
direction with a candidate 25 pluralityi](l)?f slices associated therewith. 1 2.
A method as claimed in clai wherein said determining. which. of said., .
and R AP S A GO A e I DR L in messures
substapial py iagjacetagraizingl dmons@ia ¢idscrsasng dr&d hanebthiest, ferashich said
ots, a candidat%tglot avin% a singlée[ monﬁ)[gfn'c increasing trend in

resp 'J\é%g{?}e@('ﬁ%%B %qpa‘ﬁ %Jagg?ﬁj'oae g’ﬁ% 'orﬁ%Qgﬂic decreasing trend

in measures, for which said 5 respective plot axis corresponds to said
3. A cagibighee dainesl ioichaitiod. \ThereNvaathaeeimbnngiadnienabsa d fivsie senond and

i Saia e O e S Ry, seeond

and thare raeasiicepletss areapib dote ptah died g pher grestesdegs eprebiwanaRinrebast an axis
ortho@/ﬁﬁmsgﬁ @p E&ﬂ/@)ﬁlﬁ)t %ﬁ%*mﬂ%%ﬁ%ﬁaiﬁésa&ﬁ%iggop teR donds to said

“Which said respective plot axis corresponds to said 5 candidate sagittal
candi ¢dpte sagittall direrienmethod of claim 1 further comprising, after (a): 2 (b)
selecting a candidate mid-sagittal slice among said candidate plurality of

4. THUGRShVMIETe P TTERRFREIRERIaHpES @ (BRId candidate mid-sagittal
slice is an optimal measure among 4 said measures determined for slices

S Ay S L o v
detatsatoregieterahissiofon dadatipwiidbie it yoiteah siseds ariapivibl saddsure among
o Ry S AU G o B SSH LA B a

measure of energy of said data contained in said each slice. 1 7. The
5. Theetetwadbhayyoreof claims I-bwihiecedisadidettoimningisg daigasusadoreaid each

o A A SR8 e sice
comprising outputting coordinates of data contained in said 2 candidate

6. Theinhgrtial ankenadi&tates bem e caid ReeH¥NGgidAngrade fergaid each
slice rEq@ raEiBRAA hY B A IREHCETBIR DN AP HREEE ABIGRUAIF 85th Slice.

mid-sagittal plane by 2 using said vertices defining said candidate

R B T R BT RSTATEo co
dice reeghrasdedanthe igeidaedd e diaptirogadtionid data contained in said each dice.

8. The method of claim 4 further comprising outputting coordinates of data contained in said
candidate mid-sagittal dlice as vertices defining a candidate mid-sagittal plane.

9. The method of claim 8 further comprising determining an optimized mid-sagittal plane by
using said vertices defining said candidate mid-sagittal plane in an optimization technique to
produce an optimized mid-sagittal plane.

10. The method of claim 9 wherein said optimization technique is the Nelder-Mead optimization

technique.

11. A method of determining an approximate |location for a mid-sagittal slice from a plurality of
dices of brain volume data, said method comprising:
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2 technique. 1 11. A method of determining an approximate location for a
mid-sagittal slice from a plurality of 2 slices of brain volume data, said
method comprising: 20 3 obtalnlng said brain volume data for said

lity of S|I s, where sal lyralit ner orlent . .
A S S S TR Py o 9o
aﬁs@aﬁeﬂaﬂy urmtmmamﬁdlmmatawlprme&rdtmmmmg iayrokd svesi $grositioned

h slice of s gdplura sI| reln each said measure 7 is
8n91ﬁ’pe%f(b n sa ?a‘ﬁ gfgnqg (E)a?g tontained in said each slice;

and 8 selecting a candidate mid-sagittal slice among said plurality of

siisse hiabegl DM et g fasl iop ol drideality sfvaiegstwheteineachiwid measure
! A
me{ﬁégg#ﬁ%o C%Hm 2 8 %H& i8Rt dAnait R Wity Rbislicesq Sgcfg he and

er comprising outputting coordinate said brain
volume data 2 contained in said candidate mid-sagittal slice as vertices

SRR R ERALRE Mid-Saiteh PRI SRR GH BieRiRvsed on
Tt GRTRISHE ARLRRIRINTALAGHSE hBaisinzaeitial BIABE 1oV <A M8k dlice of

said candidate mid-sagittal plane in an optimization technique to produce
sSRIDHFRABPIFRE sagittal plane. 1 14. The method of any of claims
11-13 wherein said obtaining said brain volume data comprises: 2

12. Théméﬂibq ofr aia‘ NDillrflﬁ‘tdlétEC(fﬂliFﬁi finsd pmmﬁtiy“ngfcetbﬁ@ﬁém@dfrgi diteaitiovol ume data

ot R A GG SR R I o oEgife pene

a third direction; 5 where said first, second and third directions are
13. Timmetj@deoftd anchtdhel cobIpK srglisteai ol aghascoini oitded D disapidtal plane by

s n9s ces IS genemlgﬁh%%nte %gaﬁ%lﬁté@;?c?%g%ﬁt %ﬁ[ﬁ%@g%%@%ﬁ %tl mized

mid-sagithbpl @feany one of claims 11-15 wherein said determining said
measure for said each 2 slice requires determining a value for a function

14. THY BRI AR FARRISE Y4H5814: P850 SHefni g s dThei e AHeXi @R omprises:

one of claims 11-16 wherein sald determining said measure for said each

es determinin asure of ene of sald rain. volume
R NE HOLTRP CRER o5 BTt b e e it LAl & e
said data contained in said each slice includes an intensity
obtaining brain volume data for a second plurality of dicesin a second direction; and

obtaining brain volume data for athird plurality of dicesin athird direction;
where said first, second and third directions are orthogonal to each other.

15. A method as claimed in claim 14 further comprising identifying which of said first, second
and third pluralities of dicesis generally oriented parallél to said sagittal plane.

16. The method of any one of claims 11-15 wherein said determining said measure for said each
dice requires determining a value for a function of intensity data associated with said each dice.

17. The method of any one of claims 11-16 wherein said determining said measure for said each
dice requires determining a measure of energy of said brain volume data contained in said each

dice.

18. The method of claim 17 where said data contained in said each dice includes an intensity
value associated with each pixel in aplurality of pixels and said determining said measure for
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2 value associated with each pixel in a plurality of pixels and said
determining said measure for 21 3 said each slice includes determining a
sum of said intensity values associated with said each pixel 4 in said

., each slice. 9. The method of an %%.of claims 11-15 wherein sajd . .
seidl e R e R B0 St S SN S8 2R Rl it emch pivel
in saidreeslim@f entropy of said brain volume data contained in said each 3

slice. 1 20. The method of claim 11 where said brain volume data

. . i e incl Y : ) L
L T L B S HB S Y s e
dice rgguiieaei Ryl fivag proleasilie ol tiony oh 8 d RNl nskciatn gentanebis) said each
dice for each 4 intensity value in a predetermined range of intensity values, a
probability that a pixel randomly 5 selected from among said plurality of

pixels in said each slice has said each intensity value. 1 21. The method

20. The mgieadf wWiRETei Y¥ier 6 stieRiAin y Aaiassisia opataieshin @i sasiti ce indludes an
intendBAVABE adsHbilEH0R AR Rk ADR0Y I AR AR e AiaildRamea S ther
entropy measure for said each 3 slice. 1 22, The method of claim 20
Complﬁ%é%}l%mﬂﬁg R et e ebRRilin g L BB AR foFoTkh ARG U aRIhAbINFbidesidor each
intensRPCIAISKGR WidnalAfReiniaRgito Raak ANy X pkéBdRiFithat a pixel randomly
predetermined range of intensity values, a probability that a 4 pixel
sel ected AR5 ASBR SRt RIS b iR T S cherdfe RERe Sisd herPl Aiepsity val ue.
intensity 5 value; and 6 said determining said measure for said each slice
21. Thiechetesddsttelaimnitown & aitbsaik-tiedsieiningisiancredsate e rssididist ice requires

..._.proba ?it distgg#i n and said secgnd prgbability 8 djstribution for said .
otz B g e oA T A R o R R it eech
dice. normalizing said measure associated 2 with said each slice. 1 24. The

method of any of claims 12-23 wherein said brain volume data is magnetic

22 THESREAARS BHIBYANAG il i, A method comprising: 2 (2

etermining a can te sa rection for a brain image, said brain

image defined 3 by brain volume data in a three-dimensional space _
a S RiBte APIRAId LEeBA | Edligirigution for said each dlice that includes, for said

each intensity value in said predetermined range of intensity values, a probability that a
pixel randomly selected from among pixelsin areference dice has said each intensity
value;, and

said determining said measure for said each slice includes determining a Kullback-Leibler
distance between said first probability distribution and said second probability

distribution for said each dice.

23. The method of any of claims 12-22 further comprising normalizing said measure associated
with said each dice.

24. The method of any of claims 12-23 wherein said brain volume data is magnetic resonance

brain volume data.
25. A method comprising:

(a) determining a candidate sagittal direction for a brain image, said brain image defined
by brain volume data in a three-dimensional space associated with first, second and third

directions, said first second and third directions being orthogonal to each other, said
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4 directions, said first second and third directions being orthogonal to each
other, said 22 5 candidate sagittal direction being the closest direction of
said first, second and third 6 directions to an actual sagittal direction, said

e e e R
olieeniitgnbraen \autueh satitizl fdir ectienpsaildptatality rohglafesith czodi datecagi ttal

10.d(ia@ction' 11 obtaining brain volume data in for a third plurality of slices
|

indéra %}r%dHEPé'&%% 12 determining a measure for each slice of said first

second and third plurality of 13 slices; 14 for each of said first, second and
third plueiigironglisak) yhbamedetad onaissr ol el it of=akicea b sliddi et sthiection;
plurality of slices, sequentially along an axis corresponding 16 to

respectivpisingerant e ug Ae cigtona pradhepdiraicesfess #8stond

third 17 measure plots; 18 determining, from said first, second and third
measurdlFRI-Mhich of said first, 19 second and third directions is said
candidate sagittal direction with a candidate 20 plurality of slices
associateptahereitinlvelinte dethind arsaclaint el itiahsAoew/resaiie) tiid direction;
determining which of said first, second and 2 third directions is said

rmining which of sad frst, sex sad
3 ond T R L et b s e et SRRy o

increasirs¢esnd in measures 4 substantially adjacent to a single
monotonic decreasing trend in measures, for which said 5 respective plot

axis CoreRRARAIHFR G saadidatranadHial Bi[ﬁ%ﬂgﬁ@%ﬁﬁ?ﬁ@%ﬁ measure for

claimed in claim 25 wherein said determining which of said first, secon

and 2 thid dReiiesief saidl Bhralidun@ shepaaeaneriidhyengreaxis corresponding
recognizZip Yedhart it i SesRAM thifdNdi FAFOLARABTHERIE R second and third

candidate plot, having the greatest degree of symmetry about an axis 4
orthogorBE#8Us8#Rl PESspective plot axis, for which said respective plot axis
corresponds to said 5 candidate sagittal direction. 6 28. The method of

claim 25detEmainnegnrioaingi @ftet (sgeal and third measure plots, which of said first,
second and third directionsis said candidate sagittal direction with a candidate
plurality of dices associated therewith.

26. A method as claimed in claim 25 wherein said determining which of said first, second and
third directionsis said candidate sagittal direction comprises recognizing, from said first, second
and third measure plots, a candidate plot, having a single monotonic increasing trend in measures
substantially adjacent to a single monotonic decreasing trend in measures, for which said

respective plot axis corresponds to said candidate sagittal direction.

27. A method as claimed in claim 25 wherein said determining which of said first, second and
third directionsis said candidate sagittal direction comprises recognizing, from said first, second
and third measure plots, a candidate plot, having the greatest degree of symmetry about an axis
orthogonal to said respective plot axis, for which said respective plot axis corresponds to said
candidate sagittal direction.

28. The method of claim 25 further comprising, after (a):
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7 (b) selecting a candidate mid-sagittal slice among said candidate
plurality of slices, where 8 a measure determined for said candidate
mid-sagittal slice is an optimal measure among 9 said measures

A T R A e
inaageagsm@bb;rerimiinedger @afmmmmmmum rddac_:ddﬁarimpti mal measure among
R R e oo o o VAR L SlRate.

sagittal 14 direction being the closest direction of said first and second

diz8chometteod wQuoplied RGigittal 15 direction, said determining of said
candidate sagittal direction comprising: 16 obtaining brain volume data for

a (st Rlvraitng bligRdasaigfisptaieesianor WoPRHIRIASEDEIR MAWMRage defined
data for a second plurality of slices in said second 18 direction; 19
dOWPHAIANG BARSRER B AP el 1ERRs fdl aepeRs hRe BREGAR NYiIvfirst and
sligesnd%fritieasiviichair Hisbaad aesPAthRiENAIREces PlaitNaa Shittal
measure for said 21 each slice of said plurality of slices, se@auentlally

aldRerhAhe8she slosRRliflg ad! Irfesiib BiideAnrspnnckdéartPan i aoRsiual sagittal
topeeeluae diralens AREADSrasARRIRINS sagtand detrimining: ag said

first and second and measure plots, which of said first 24 and second
o i AT kSRS 215 LAl Pection
obtaining brain volume data for a second plurality of dicesin said second

direction;
determining a measure for each dice of said first and second plurality of dices;

for each of said first and second plurality of dlices, plotting said measure for said
each dice of said plurality of dices, sequentially along an axis corresponding to
respective first and second directions to produce first and second measure plots,
and determining, from said first and second and measure plots, which of said first
and second directionsis said candidate sagittal direction with a candidate plurality

of dices associated therewith.





