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Introduction Approximating ellipsoid

Recent investigations [1-3] show that mathematical The direction
modelling is the problem of today in medicine. of blood flow
Aneurysm is an irregular sac formed by the dilatation
of the wall of an artery. Parameters and location of
aneurysm determine the treatment of a patient [4, 5].
Mathematically simply expressed surface is to be
chosen for calculations of aneurysm parameters, i.e. the
mathematical model was made. Medical practitionerstry to
approximate aneurysm to ellipsoid because it is close to
shape of aneurysm. Such models are often made fromone g 1. Approximating aneurysm with elipsoid
projection of aneurysm only [6, 7].
In this publication methodology for choosing ellipsoid
parameters (center, directions and lengths of axes, volume) 0= {P (x- VioZ )} )
which approximates three-dimensional (3D) aneurysm AR
image points (Fig. 1) was suggested. Also, spread of  \yhere P; — the points of aneurysm surface, X, yi, z — the

aneurysm points with respect to the ellipsoid surface and  gordinates of these points, i = 1, 2, 3, ... N — current

deviation of calculated volume were analysed. number of the point, N — number of points, used for
. L modelling, where N = 106.

Approximation by ellipsoid The formula for calculation of the mass center point

. P. coordinates was as follows:
The points of aneurysm surface, produced by

processing 3D region of aneurysm image, were used as 1N 1N 1N
initial data. So, the coordinates and the volume in voxels of P.(Xe, Yo 20 )= _zxi ,_z i ,_Z z |,
each surface point Pi(x;, y;, z) were known (Fig. 2). N i-1 N i-1 N i—1
The approximation using ellipsoid was carried out in
this sequence: where x., Y., Z — the coordinates of the mass center.
1. Calculation of mass center Po(Xe, Ve, Z); The point P, was considered as an approximating
2. Calculation of the first ellipsoid axis dy; ellipsoid center.
3. Projection of al surface points Pi(x;, i, z) onto the Further, it was purposeful to check if the points form
plain L, which is perpendicular to the first axis dy; a sphere. Therefore the Euclidean distance d; between each
4. Calculation of the second ellipsoid axis d; point and the center was cal culated as follows:
5. Projection of points from the plain L to the line,
perpendicular to the second axis dy; L N Y U2 (r_ > )2
6. Calculation of the third ellipsoid axis ds, i =d(R.R)= 05 ~x: P+ (4 e P+ (-2 - @
The center of ellipsoid was calculated as the mass Later on the maximal and the minimal distances were
center of all surface points. chosen; their difference was compared with the chosen
Let Q denote the set of these points: criteria ¢ by the following formula:
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Fig. 2. Approximation of data points. Data points marked with “+”, the first projection marked with “*”, the second projection marked with “ (1
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If the condition (4) was satisfied, the aneurysm image
points were approximated by a sphere. In this case, the
volume of sphere was calculated. Then the parameters of
the aneurysm were the volume and the center coordinates.

If the condition (4) was not satisfied, the approxima-
tion of the aneurysm by sphere was not alowed. Then the
approximation was carried out with ellipsoid and the
process started from the calcul ation of the axes.

The main axis of the ellipsoid was a line segment
between two furthest points and lied on the center point P..
The endpoints of the main axis were denoted P,(xy, Vi, Z1)
and Pa(X,, ¥, 25). The mentioned points were selected from
Q, therefore their coordinates were known. Then the
length d; of the main axis was calculated as follows:

d; =d(R.P;) = |P2 - P1| =
= \/(Xz - X1)2 + (Y2 - y1)2 + (22 - 21)2 )

where xy, yi1, 21 — the coordinates of the point P; and xs, y»,
2, — the coordinates of the point Ps.

The length of the axis was one of the parameters
necessary for the calculation of the ellipsoid volume. The
current data describes the following parameters of the
aneurysm: the center coordinates describe the spatial
position, the main axis describes the orientation in 3D
space and the maximal dimension. The orientation was
described by the coefficients of the line equation:

©)

: (6)

where K = X, — X, | = y» — y4, m= 2z — z — the direction
coefficients.

Two residual ellipsoid axes were calculated as
described below. The equation of the plane L crossing the
calculated center and perpendicular to the longest axis was
made as follows:

kx—ly-mz-C=0, @)
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where C = kx; — ly. — mz, — the computable coefficient
describing the center.

The second axis of the ellipsoid was obviously onto
the plane L and all the current points were projected to this
plane. Therefore a line segment perpendicular to the plane
L was drawn through each point P; and the crossing points
of the line segment with the plane were searched. The
equation of the mentioned line segment was formulated as
the following system of eguations:

IXx—ky =% —Kky;,
{ oy = 1~y ©
mx —kz = mx; —kz,
where k, I, m — the direction coefficients, x;, y;, z — the
coordinates of any current point.

The system of equations (8) supplemented with the
plane equation (7) forms the system below (9). The
solution to the system was the searched projection of the
point, calculated for each data point.

Ix—ky = A,
mX—kZ= Bi’
kx—-ly—-mz=C,

(9)

where A =Ix; —ky;, Bij=mxj-kz. A and B;
coefficients computed for each data point.

Thus, inserting the coordinates X,, Yn,Z, Of n point
Pn (X, Yn» 2 ) to the system of equations (9), its solution
was the coordinates Xy, Yn, 2, of the projection point P .

The system (9) was solved according to Kramers formulas.
The length of the second axis d, was calculated according
to the formula (5).

Distance AP;

Data point P;
Surface point P

Center point P,

Fig. 3. Calculation of surface spread



The third axis of the ellipsoid d; was calculated as
follows:

1. The points, previoudly projected onto plane L, were
projected to the line segment perpendicular to the second
axis d, of the ellipsoid;

2. In that new projection two furthest points were
searched. Those points were considered to be the endpoints
of the axis and the length was the distance between them.

3. Having calculated the third axis, one more parameter

of the aneurysm, i.e. vol umeV , was cal cul ated.

The volume V was calculated according to the
following formula:

d

4 d;d
_71'_
3

V= :
2 22

(10)

Thus, the main parameters of the aneurysm were the
spatial position of the ellipsoid center P (x;, Vi, z) , the
lengths of the axis dy, d,, d3 , the directions k, I, m and the

volume V .
Spread of aneurysm points

Spread of aneurysm points with respect to the chosen
ellipsoid model was characterized by volume deviation and
spread of the surface points.

The relative deviation e of aneurysm volume:

V-V

\Y

e= . (11

The evaluation of the spread of the surface points was
more difficult. In this case the distance AP; from each
current point P; to the ellipsoid surface point Py (Fig. 3)
was calculated.

The distance AP, was calculated by the following
sequence:

1. A line segment was drawn through the ellipsoid
center P, crossing the chosen point Pj;

2. The coordinates of the point Py were calculated,
where the mentioned line segment crossed the surface of
the ellipsoid,;

3. The distance between the surface point Py and the
chosen point P; was cal cul ated.

The distance AP; was calculated using the following
system of equations:

2 2 2
X—+y—+z—2—1=0,
a~ b° c
Y—VYe X=X (12)
Yi = Ye Xp_Xc
Z—Z, X=X
Z —Z Xp_Xc,

where X, y, z — the coordinates of the searched point Py, a,
b, ¢ — the semi-axes of the approximating ellipsoid,

d d d,
a=—,b=—5,¢c==2.
2 2 2
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The first equation of the system (12) was the
expression of the ellipsoid when its center and axes
corresponded to the center and axes of the coordinates
accordingly. The second and the third equations described
the line segment crossing the points P, and P;. The system
(12) was solved by expressing one variable from the
second and the third equations and inserting the received
expression into the first equation. Having solved the first
equation with respect to the expressed variable, two
solutions were received, i.e. two points where the line
segment crossed the ellipsoid. The point Py that was closer
to the data point P, was chosen from the two points. The
distance AP; was calculated according to the formula (3).

Having calculated all distances to evaluate the spread
of surface points, the Euclidean norm of the mismatch

vector F; was cal cul ated:

(13)

N
"F"2 = zdz(Pqi R ) :

i=1
The mismatch criteria of the surface was as follows:

<T, (14

i
N 2
where © — tolerance threshold.

If the condition (14) was satisfied, it was considered
that the approximation of aneurysm surface points by
ellipsoid was sufficiently good and suitable for further
appliances.

Results

The aneurysm model in four different resolutions was
investigated. The largest aneurysm number in the fourth
and fifth figures corresponds to the largest aneurysm
resolution.



Having compared the volumes of the approximating
elipsoids (Fig. 4) it is seen that in most cases the volume
of the ellipsoid is smaller than that of the aneurysm,
however, the deviation of the volume does not exceed
20 %.

Increasing volume of modelling aneurysm, the spread
of surface points increases (Fig. 5). It is seen, that in larger
resolutions (and with larger aneurysms) the distance AP;
deviation increases. The distance AP; reaches maximum
value 4 in two largest resolutions.

Conclusions

1. The ellipsoid is a suitable model for the human'‘s
intracranial aneurysm.

2. The position and the size of the aneurysm in
human's brain are described by the following €llipsoid
parameters. the coordinates of the center, the directions
and lengths of the axes and the volume.

3. The deviation of the calculated volume does not
exceed -20 % than that of real aneurysm.

4, When the volume of the modelling aneurysm is
increasing, the deviation of the volume is decreasing.
However, the spread of the surface points is increasing,
due to the complex form of the aneurysm.
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L. Mockus, R. Martavi¢ius, A. Usinskas, M. Meiliinas. Calculation of Parameters of Saccular Aneurysm // Electronics and
Electrical Engineering. — Kaunas: Technologija, 2008. — No. 3(83). — P. 15-18.

The methodology of modelling 3D aneurysm image points was suggested in the article. The ellipsoid was used for the modelling of
human's saccular aneurysm. The spread of aneurysm image points was analysed with respect to the chosen ellipsoid surface as well as
the deviation of the calculated volume. The position and the size of the aneurysm in human's brain were described by the mass center
point, the directions and the length of the ellipsoid axes as well as the ellipsoid volume. The mass center point was calculated as the
mass center of aneurysm image points. The end points of the axes were found by choosing two furthest points of the aneurysm. The
volume was calculated using the axes lengths of the ellipsoid. 3D aneurysm model at four different resolutions was used in this research.
All the modelling stages were realised using programming language C. Ill. 5, bibl. 7 (in English; summaries in English, Russian and
Lithuanian).

JI. Moukyc, P. MapraBuuroc, A. Ymunckac, M. Meiinynac. Pacyer napameTpoB Memikoo0pa3Hoii aHeBpH3MbI // DJIeKTPOHUKA
u ejextporexHuka. — Kaynac: Texnogorusi, 2008. — Ne 3(83). — C. 15-18.

IIpemnoxena METOAMKAa MOJEIMPOBAHUS COBOKYIHOCTH TOYEK M300pakeHHs aHEeBPU3MBL [IIs1 MOAENHPOBAHUS MEIIKOOOpa3HOi
AHEBPU3MbI IPUMEHEH SIUTUIICOU, apaMeTpbl KOTOPOTo MPUPABHUBAIOTCS MapamMeTpaM aHeBpu3Mbl. [IpoaHann3upoBaHo paccenBaHue
TOYEK H300pa)KeHWsI aHEBPU3MBI OTHOCHTEIHHO MOBEPXHOCTH MOJEIHPYIOMIET0 JUINIICOMAA M PACCUMTAHO OTKIOHEHHE OoOBbeMa.
IonoxxeHne u pa3Mep aHEBPU3MBI B MO3TC YEJIOBEKa XapaKTEPU3YIOT KOOPAMHATHI IIEHTPA JJUIMICOM[A, HAINPABJICHUE M JUIMHA €TO
oced, a Tarwke o0ObeM sumrconna. KoopauHaTel IEeHTpa IJUIMICOMAA ONPEACNITIOTCS KaK LEHTP TSHKECTH TOUYeK H300pakeHHUst
aHeBpU3MBL. TOYKH KOHIIOB OCEH OIpEeneNsIoTCs ITyTeM BhIOOpa IBYX Hambolee yIaJeHHBIX TO4YeK aHeBpH3MBL. OO0beM aHEBPU3MBI
paccuuThIBaeTCS, WUCIONB3ys AIMHY ocei. MccnemoBaHus TpEXMEpHOH MOIENM TNPOBOAMINCH, HCIONB3Ys UETHIPE pa3IHYHbIC
pe3ouonuu. Bee aTanbl MOIeTMPOBaHUs pealn30BaHbl Ha si3bike mporpammupoBanust C. V. 5, 6ubn. 7 (na aHrmiickoM; pedepatsl Ha
QHTJIMHACKOM, PYCCKOM M JINTOBCKOM 513.).

L. Mockus, R. Martavicius, A. Usinskas, M. Meiliinas. Maiselinés aneurizmos parametry skai¢iavimas // Elektronika ir
elektrotechnika. — Kaunas: Technologija, 2008. — Nr. 3(83). — P. 15-18.

Sidloma trimagio aneurizmos vaizdo tasky modelio sudarymo metodika. Zmogaus galvos kraujagysliu aneurizmai modeliuoti
panaudotas elipsoidas, kurio parametrai prilyginami aneurizmos parametrams. Analizuojama aneurizmos vaizdo tasky sklaida pasirinkto
elipsoido pavirsiaus atzvilgiu ir apskaic¢iuoto tario nuokrypis. Aneurizmos padéti zmogaus smegenyse ir jos dydi apibadina
aproksimuojancio elipsoido centro koordinatés, asiu kryptys, &Siy ilgiai bei elipsoido turis. Masés centro taskas apskai¢iuojamas kaip
aneurizmos vaizdo tasky maseés centras. Asiy galai randami isrenkant du labiausiai nutolusius aneurizmos taskus. Tiiris apskaiciuojamas
i§ rasty eipsoido &iy ilgiu. Tyrime panaudotas trimatis aneurizmos modelis esant keturioms skirtingoms raiskoms. Visi modeliavimo
etapal atlikti C programavimo kalba. I1. 5, bibl. 7 (angly kalba; santraukos angly, rusy ir lietuviy k.).

18



DOI: 10.5755/j02.eie.11069



