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Abstract: Early detection or screening examination of breast cancer can be done using Optical Tomography or Electrical
Impedance Tomography. Using Boundary Element Method for forward problem solution we can not make measurements or precisely
define boundary conditions on the surface between breast and chest. A simple solution is to extend the mesh outside the region of
interest and to truncate it in some distance from the investigated human breast. Wrong boundary conditions or improper placement
of such artificial boundary can introduce an unknown error if the truncation occurs too near. On the other hand excessive mesh
increases number of boundary elements and decreases the computational efficiency especially annoying while calculating inverse
problem solution. Some discussion on a few simple models of the breast will be presented. Last model contains infinite boundary
elements. Implementation of such elements can reduce the mesh and avoid the problem of setting incorrect boundary conditions by
creating an open boundary model.
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INTRODUCTION source was presented - located near the bottonmeof t
] _ hemisphere model. First model presented on fig. 2
Electrical Impedance Tomography and  Opticalcorresponds to the pure hemisphere. Second model wa
Tomography can use Boundary Element Method (BEMyytended by adding a cylinder in the bottom (fig. The
for forward problem solution [1,6,7,8]. On the areé& jntention of it was to avoid possible errors on Hogtom
human female breast cancers investigations it iy onf tne hemisphere. The next one develop that idea b
possible to make measurements on the skin. Theyging the cylinder with identical height but bigge
boundary surface between breast and chest remaiggmeter (fig. 4). It is to eliminate the errorsanethe
unavailable for detectors placement. Itis alsdidift o pasjs circumference. All models were constructeanfr
set precise boundary condition on that surfaceypical 1536 second order eight nodes quadrilateral boyndar
simple BEM solution is to extend the boundary eleme glements and 4610 nodes. Half of the elements sover
mesh outside the zone of interest and to truncas¢ & hemisphere.
large distance away so that the new boundary doges NGoverning equation for the problem is diffusion
influence the results. Such solution generatesrgela approximation of the transport equation (Helmhoitz

number of additional boundary elements and in ¢aae  555uming scattering and absorption are homogeneous)
truncation occurs too near can introduce an unknown

error. A more effective method is to incorporaténiite q (r a))

boundary elements [3,4] into conventional BEM anily D2¢(r,a))—k2¢(r,a)): -0 OroQir, (1)
Infinite elements [5] usage was at first adoptedvawve D

propagation and geotechnical problems. In our daise ,

to estimate the differences between models and tyhere ® stands for the photon density, wave number

consider if it is worth to extend analysed areatmr k= [Ha_; @

implement infinite elements into breast geometry. D J ‘D and diffusion coefficient

D =[3(u, + ¢'s)| ™, pais an absorbing and's is reduced
scattering coefficient [1}u/'s = ,us(l— g) [cm?], g is the
ﬁverage cosine of the scattering angle and speéghof

1 MODELS DESCRIPTION

Four simple theoretical models of human breast wer
investigated. For all models one placement of tgbt|



c(r) =cy/v(r), wherey(r) is the refractive index anch

the speed of light in a vacuurgg is a source of light.
There are Robin boundary conditions on the surfadés

different coefficients for breast tissue and forlskal

muscles on the basis [1,2,7] imposed:

o(r, w)+ 2aD =0, OrQdr,

o0(r, w)
o @)

where a models the refractive index difference at the

boundary” [8].

In equation (4) left column represents transfororafior
standard boundary elements and right column fonitef
boundary elements.

Relevant boundary integral equation for surfacesicd
by standard and infinite elements can be written as

)+ —anra;r'Lw)q:(r' ) +
r

+1W¢(r')dr J.Gr—r| —d|'+(5)

Last open boundary model consists from 768 standardr.

boundary elements and 64 infinite mapped elements

based on eight nodes second order quadrilateraidaoy
elements [5,3,4]. The number of nodes is reduc&# &3
nodes in that case (fig. 5).
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Figure 1. Five node mapped infinite boundary elemen g/,
based on 8 node quadrilateral isoparametric boyndar

element.

Serendipity infinite mapping functions [5]:

My= 2 b-¢)
1+ 1 14
Ma=1 2 0-¢) 1_,7(1+6), @)
—1-n+né+ —1-n-né+é&?
MZZ#M,M :%ff_

were used for element transformation like presemted
figure 1. These mapping functions (3) are used doy
geometry transformation, not for physical quantitie
Geometry transformation can be described by:

x(m):ioxnwn, xEn)= S xaMn.

m=0,1,2,3,7
-
V€M=Y vaNy YER)= D yaMy, (4)
n=0 m=0,1,2,3,7
2&n)=>z,N,, &)= Y zoMp,
n=0 m=0,1,2,3,7
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where Qg is the magnitude of the concentrated source
(0p =QgA(rg) ) andnsis a number of these sources.
For the diffusion equation the fundamental solutgn

(6)
For isoparametric quadratic quadrilateral elemetitee
standard or infinite we will have:

7

2

n=0

adb(r )
on

0P,
on

=30, 0o

It is to remember that for infinite mapped elememtsy
nodes 0,1,2,3,7 are calculated.

The normal derivative of the Green function in adiion
n can be written:
-1 —K|r—r'|

r—r' k
n0G =n - e
Rr—r‘|[4ﬂ|r_r-|2 4r1|r—r'|}

Kernels required for normal derivative calculatian be
written as:

8)

L 1

0G _ r=rf g ke

ox 477|r—r'| (x=x)e

G_ If-fl |

ay_ 47_1|r_r| (y y) (9)
L 1

G =y ek

oz arr —r'| (2-2)e

wheren, m are number of standard and infinite elements

respectively,N are basis interpolation functions [6] and
M, are mapping functions for infinite elements.



%

¢
R

b

L7
{
&
[N

T
IIII‘I
SRS

o

(777
Ll
RN
G

Figure 3. Extended model with additional part otsth

hemisphere with cylinder on the bottom.

Figure 4. Extended model with additional part otsth

hemisphere with wider cylinder on the bottom.
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Figure 5. Open boundary hemisphere breast modél wit
infinite boundary elements on the bottom.

2 RESuLTS

Values of 0®/dn module and phase of the light at
hemisphere circumference cross-section fer0 are
presented on figure 6 and figure 7 respectively. To
estimate the solution differences models with eddeh
bottom part - figure 3, 4 and 5 were compared tsidha
hemisphere one - figure 2 and presented on figBir@sd

9. The solution has worst smoothness while deargasi
mesh density and significant growth of calculattone
without special accuracy improvement while incregsi
number of elements. Generally three extended models
offers similar results, remarkably different theshi@ved
while using the simplest hemisphere one. It is dtice
that there is a logarithmic scale @®/0n module graph

6. The medium approximation differences for modsle
about 30% and for phase oscillates mainly about 3%.
Near the hemisphere basis differences are gratefan
module reaches even 130% and for phase exceeds 25%.
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Figure 6. Results comparison fa®/dn module.
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Figure 7. Results comparison fa®/on phase.
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Figure 8. Solution differences forod/on module
compared to hemisphere model.
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Figure 9. Solution differences forod/on phase

compared to hemisphere model.

3 CONCLUSIONS

Further improvement can be done by constructing

chest. Except single points located on the hemigphe
basis circumference there are no significant result
deflection for extended models. If so it is to St
model with incorporated infinite elements offerse th
similar accuracy and almost 4 times shorter calmuia
times.
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