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Abstract. The determination of an object anomaly based on intensity distribution patterns in
various measurement positions is proposed and investigated. This research was carried out in a
simulation environment using numerical objects. They are a circle which consist of 248 elements.
These objects include homogeneous and anomaly objects. The homogeneous object is made with
the same values of absorption and scattering coefficients for all elements. Whereas, the anomaly
object is made by adding different values of absorption coefficient and scattering on certain
elements in homogeneous object. Both objects are illuminated by laser light from 16 different
source positions. The intensity of light after passing objects is detected at 16 different positions
as well. The intensity data passes through objects obtained by simulation based on the forward
problem equation for continuous wave diffuse optical tomography (CW DOT) systems. The
intensity different from the anomaly and the homogeneous object is plotted for each
measurement position. The result showed that the characteristics of object anomalies (number,
position and size) can be detected from the intensity distribution pattern at various measurement
positions, respectively based on the number, position and the FWHM value of peak.

1. Introduction.

In recent years, optical-sources based tomography has been considerably developed which is called
diffuse optical tomography, DOT [1]. The DOT technique is a technique of non-invasive, non-ionizing
and relatively cheaper. This technique is widely used for the detection of breast cancer [2, 3, 4, 5], brain
activity [6, 7], and small animal imaging [8]. The DOT technique is one of the promising imaging
modalities that provide the spatial distribution of optical properties (absorption coefficient, scattering
coefficients, and refractive index) within the object. In this technique, near infra red (NIR) light with
wavelength range of 650-900 nm, is illuminated on the diffuse material. The spatial distribution of
optical properties is mapped from measurements at the boundary of the material with a large number of
pairs of sources and detectors.

The data measurements at the boundary of the material are the light intensity. Its distribution on the
surface is captured by the detector. In general, the DOT system that is used to obtain the data at the
boundary can be divided into three different categories: steady-state domain (SSD) or continuous wave
domain method (CW) [9, 10, 11], frequency domain method (FD) [12,13,14], and time resolved domain
method [15,16,17]. The time resolved and frequency domain methods exhibit high temporal resolutions
(in the picosecond range for the time resolved and nanosecond for the frequency domain), but they have
the disadvantages of high cost and complexity in the equipment [2,15]. In the SSD (CW) system, the
light source continuously emits light onto the object and the amplitude of the outgoing light from the
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boundary is measured. The continuous intensity system has the advantage of low cost and high dynamic
range, as well as a relatively high signal to noise ratio (SNR) [2,15].

The intensity data measured from the CWDOT system is reconstructed by a specific reconstruction
method to produce an image. Base on its image, an anomaly of object can be known. Pan, et al, [16],
have shown that there is an intensity position deviation between heterogeneous phantoms (presence of
anomalies) to the homogeneous phantom which is related to the angular orientation between anomalies
and sources. Pandian and Singh [17], found that objects with anomalies at different depths had different
peak intensities and different sizes of anomalies had different widths at half maximum (FWHM).

Based on the description, in this research, it will develop the method to determine an object anomaly
based on intensity distribution patterns in various measurement positions of pairs of sources and
detectors. This development is carried out by analysed the FWHM and the intensity deviation position
between the heterogeneous and the homogeneous object to the source and detector position with various
anomalous positions and sizes. This intensity distribution characteristic is used to map the position and
size of anomalies. The results of this mapping are used to correct the reconstruction image, which
generally unable to provide a clear boundary between anomalies and non-anomalies.

2. Materials and Methods

This research is carried out in a simulation using numerical objects. They are a circle which are divided
into 248 small triangular elements connected with 141 nodes. These objects include homogeneous and
anomaly objects. The homogeneous object is made by giving the same values of absorption and
scattering coefficients for all elements. Whereas the anomaly object is made by adding different values
of absorption coefficient and scattering on certain elements in homogeneous object. Figure 1 is an

(a) (b) (©
Figure 1. Numeric object a) Homogeneous; b) With 1 anomaly; ¢) With 2 anomalies

The objects are illuminated by laser light from 16 different source positions. The intensity of light
after passing objects is detected at 16 different positions as well. The intensity data passes through
objects obtained by simulation based on the forward problem equation for continuous wave diffuse
optical tomography (CW DOT) systems.

In the CW case, the diffusion equation (DE) can be written as [18]

—D(M)Ve(r) + ua () p(r) = q(r) 1)
Where r is the location in the tissue domain Q, ®(r) is the photon density distribution, wua(r) is the
absorption coefficient distribution, q(r) is the source term, D is the diffusion coefficient given by D =
1/[3(ua + py)], whereuy = (1 — g)us is the reduced scattering coefficient, us is the scattering
coefficient, and g is the anisotropic factor. The finite element method (FEM) is used to solve equation
(1) and generate the model data F(u,) for a given distribution of the absorption coefficient.

The FEM Formulation of first equation (1) is

[D(r) + Cug) + Flp = Q @)
Where
Kij = fo D(r)Vb(r) Vb;(r)dQ (22)
Cij = [ Ha(Mbi(r) b;(r)dQ (2b)
Fij = ifaﬂ b;(r) Vb;(r)d(0Q) (2¢)

with bi(r) and bi(r) are linear basis function.
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In this research, the model data F(p,) is used as simulated data intensity. The simulated intensity data
different from the anomaly (la,) and the homogeneous object (1an) that is named as Al, with

Al=(Inom-Ian) 3)
The value of Al is plotted for each measurement position source and detector. Based on this scheme of
intensity distribution, an anomaly of object can be determined.

3. Result and Discussion

The numerical object is scanned by forward problem programs [19] so that the intensity data is obtained
at all nodes. The intensity data at the node is used only on the object boundary. This is adjusted to the
real conditions where data acquisition can only be done on the boundary of the object. The intensity data
profiles as various measurement positions for objects with 1 anomaly and 2 anomalies that are compared
to intensity data for homogeneous object are shown in Figures 2 and 3. The profile one projection
intensity data (one source position with various detector positions) on a homogeneous object, with 1
anomaly, and 2 anomalies shown in Figure 4.
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Figure 2. Comparison of intensity data profile of objects with 1 anomaly to homogeneous objects
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Figure 3. The comparison of intensity data profile of objects with 2 anomalies to homogeneous objects
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Figure 4. The intensity data profile of objects for a projection of homogeneous objects, objects with 1
and 2 anomalies

Based on Figure 2 and.3 which is the intensity data profile of objects with 1 and 2 anomalies
compared to homogeneous objects, shows a decrease of intensity at certain positions as a result of an
anomaly in the object. The figure 4 shows the intensity data profile of one projection for a homogeneous
object, an object with 1 and 2 anomalies. It can be seen that for the homogeneous objects (without
anomalies) having a certain profile pattern same as the U letter. Besides that, the object with anomaly
has an indentation at the bottom when compared to the homogeneous object

The numerical object with anomaly and graph of distribution of Al values to the measurement
position are shown in Figure 5. Based on Figure 5, it can be observed that the graph of the distribution
of distribution AI values to the measurement position for objects with 1 anomaly (Figure 5B) has 1 peak
whose position corresponds to the position of anomalies on numerical objects (Figure 5A). The same
thing is shown for objects that have 4 anomalies, the graph of the distribution of Al values to the
measurement position for objects with 4 anomalies (Figure 5D) has 4 peaks whose position corresponds
to the anomaly position on numerical objects (Figure 5B). Thus, it can be said the number and position
of an object anomaly qualitatively can be determined based on the number and position of the peak in
the graph distribution of the value of Al to the measurement position

The minimum separation distance (resolution) between 2 peaks on the distribution of the Al value to
the measurement position is searched by scanning numerical objects with 2 anomalies at various
distances. The numerical objects with 2 anomalies which is the separation distance between anomalies
is 2 elements and the graph of the distribution of Al values to the measurement position are shown in
Figure 6. Based on Figure 6, it can be shown that objects with more than one anomaly can be seen if the
distance between anomalies is 2 elements. This is showed by the graph of the distribution of the Al value
to the measurement position (Figure 6B) that the peaks of the Al value are still visible with the distance
between anomalies as 2 elements.
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Figure 5. Numeric object with (a) 1 anomaly (c) 2 Anomalies and distribution AI values to the
measurement position for (b) 1 anomaly (d) 4 Anomalies
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Figure 6. The numeric object with 2 anomalies which the separation distance between anomalies is 2
elements and the graph of the distribution of Al values to the measurement position.
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Table 1. The value of FWHM and peak Al object with 1 anomaly

Path (cm) FWHM Peak value Al

(cm) (mW/cm?)
7 1.053729 0.0000804
6 1.500141 0.0000483
5 2.314043 0.0000417
4 3.465781 0.0000371
3 5.30394 0.0000338
2 8.829681 0.0000308

The values of FWHM and Al peaks for objects with 1 anomaly at 1 element on various paths are
shown in Table 1. The deepest part of the object is indicated by the smallest path, and the outer part of
the object is indicated by the largest path. Based on Table 1, it can be shown that the deeper the anomaly
position, the greater the FWHM value and the smaller the peak value.

Table 2. The value of FWHM and Al peak object with 1 anomaly in different sizes

Anomaly size FWHM Peak value Al
(element) (cm) (mW/cm?)
1 2.386 0.0000397
2 2.774 0.0000408
3 2.979 0.0000416
4 3.614 0.0000412

The values of FWHM and Al peaks for objects with 1 anomaly of different sizes on the same path
are showed in Table 2. Based on Table 2, it can be shown that the greater the size of the anomaly the
greater the FWH M value and the peak

4. Conclusion

In this research, the method to determine an object anomaly based on intensity distribution patterns in
various measurement positions of pairs of sources and detectors is developed. The number and position
of an object anomaly qualitatively can be determined based on the number and position of the peak on
this distribution. The resolution between two peaks is two elements. The size of object anomaly can be
determined based on the FWHM value. The deeper the anomaly position, the greater the FWHM value
and the smaller the peak value. The greater the anomaly size, the greater the FWHM value and the peak.
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