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Abstract—In this study different methods of medical
imaging are considered along with the possibility of
combining information offered by them. One of the
techniques of special interest is positron emission
tomography (PET). This medical imaging technique gives
information about metabolic processes in the human body.
One of the main defiance of this method is attenuation of
gamma photon in interaction with tissues and organs inside
the body. This phenomenon can be fixed by the attenuation
correction factor. The factor can be obtained using
Computerized tomography (CT) imaging with aim to map
PET image with linear attenuation coefficient. The PET and
CT images are matched using image registration technique
which provides determination of attenuation coefficient
space distribution. Using the attenuation coefficient the
pixels intensity of PET image can be scaled by the reciprocal
value of attenuation coefficient with propose of attenuation
correction.

L INTRODUCTION

The medical imaging is a basic technique in
diagnostics and decision making in medicine. The
medical imaging methods based on the obtained
information about human body primarily use
electromagnetic radiation. The large progress in medical
diagnostic has been made with the development of
nuclear medicine. The nuclear medicine is based on using
radio nuclide which emits product of nuclear decay,
usually gamma quant, which can be detected by the
detectors. PET is an important imaging method in nuclear
medicine area [1]. This technique uses positron
annihilation process for detecting some metabolic
processes in human body. This method, when the
radiation source is positioned into the patient body, is one
of the emission techniques. A radiation technique uses
radiation source outside the human body. Emitted
radiation interacts with tissues and organs and its
attenuation can be obtained by detector. CT imaging is
the most common radiation technique where the radiation
source is X-ray tube [2]. The Magnetic Resonance
Imaging (MRI) is technique complementary to CT which
gives information of tissue structures using external
magnetic field and radio frequency radiation [3]. Using
only one medical imaging technique in many cases can
not give sufficient data for medical decision support. This
fact causes the need for using multimodal imaging
method.

II.  MULTIMODAL MEDICINE IMAGING

The multimodal imaging means the combination of the
different methods of medical imaging with the aim to
obtain more quality information of the human body.

A.  Computerized tomography (CT)

Computer tomography is a standard radiology method
for 3D object scanning using X-ray radiation. This
method is based on the differences in attenuation
coefficient of X-ray beams for various materials and
tissues. The final result is a grey level CT image where
corresponding grey level is proportional to attenuation
coefficient [4].

CT medical imaging includes exposure of the object
of radiation at one side and detecting attenuated radiation
at the other side of the object and this procedure is
repeated from more than one direction. The next step is
image reconstruction from the projection by using a
number of techniques. All of these techniques are based
on solving systems of integral equations which are
formed as a result of total attenuation of the radiation
beam from the source to the detector. Attenuation of X-
ray radiation in the homogenous media with linear
attenuation p is given by relation:

I=1Ie" (1)

where [ is intensity of initial radiation, / is final intensity
radiation after path length d in tissue with linear
attenuation coefficient . If there are multiple materials,
the equation becomes:

72;1,41(1,

I'=1e . 2

Linear attenuation coefficient depends on X-photon
energy; due to equations 1 and 2 are satisfied only for
monochromatic beam.

If a polychromatic X-ray source is used, taking into
account the fact that the attenuation coefficient is a strong
function of X-ray energy, the complete solution would
require solving the equation over the range of the X-ray
energy (E) spectrum utilized:

I = f I (B)e "™ dE 3)

In CT practice examination the CT numbers also
known as the Hounsfield units are used. The CT numbers
are proportional to mean linear attenuation coefficient
[5]. The CT number is defined as
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where u;, u,, are linear attenuation coefficients of X —ray
in tissue and water respectively and K is scale factor. The
K is chosen to satisfy -1000 value of CT number for air
and 1000 for some kind of cortical bone tissue. The CT
imaging provides high resolution and satisfactory
separation between soft tissue and bone. The
disadvantages of this medical imaging method are
exposure dose of the X-ray radiation what is potentially
risk for health safety and low contrast in soft tissue
examination.

CT =K “4)

B.  Nuclear magnetic resonance imaging (MRI)

Nuclear Magnetic resonance is a spectroscopic method
of imaging in medicine. This method is based on the
measurement of the proton concentration (hydrogen
atom) in tissue structures and organs [6].

The hydrogen protons of human body tissue rotate
around its own axis. These protons take free orientation
in the space and total magnetization is closely equal to
zero. In presence of the external magnetic filed the atom
nucleus is oriented in the magnetic field direction with
Larmor frequency:

w=yB Q)

where B is applied magnetic filed and y=21432324 is
gyro magnetic ration. The magnetic field value is
between 0.5 T to 2.5 T.

When radio-frequency pulse is applied on the human
body, the magnetic moments of the nucleus are tilted by
certain angle toward the initial position.

At the moment when radio frequency is removed the
nucleuses lose energy by the emitting certain radio
frequency, this signal is referred to as the free-induction
decay and this is referred as relaxation.

Free-induction decay response signal is measured by a
conductive field coil placed around the object being
imaged. According to measurement data the 3D grey-
scale MR images can be reconstructed. This signal value
represents the nuclei concentration density. For 3D
reconstruction the radio frequency signal needs to be
encoded for all directions. Axel direction is obtained
using gradient magnetic field which causes change of
Larmor frequency in that direction.

MR image contrast also depends on the two other
tissue-specific parameters: measures the time required for
the magnetic moment of the displaced nuclei to return to
equilibrium. The time T1 refers to the period necessary
for returning the magnetic moment in the direction of
applied magnetic filed, and T2 is time required for the
magnetization vector normal to applied field becomes
Zero.

C. Positron emision tomography (PET)

The positron emission tomography is an emission
tomography based method of imaging. This method is
based on the creation of positron in nuclear decay and

their annihilation with free electron [1]. The typical
radionuclide used for creation of positron is fluorine 18
or carbon 11. As the result of this interaction the pair of
gamma photon is created every per 511 KeV of energy.

PET detector

Emited gamma
photon

Position of the
anihilation

Examined object

Figure 1. Principle of the PET

These results are a consequence of the energy
conversion total mass of electron and positron into
gamma photon energy. The photons have opposite
direction due to conservation of the momentum. The
emitted gamma photon can be detected on the detector
positioned oppositely at different side of the observed
object, Figure 1. The 3D image of an object can be
obtained by reconstruction procedure of the measured
dose in the detector. The detectors are placed at the end
of the photon way and this scheme is called the
coincidence detection. The position of annihilation in the
human body is measured according to time delay between
two detections in the opposite side detector. This time is
on the order of nanoseconds. The condition for detection
is presence of both events of detection inside defined
time window. The common type of detector is bismuth
germanate oxide.

III.  ATTENUATION CORRECTION IN PET STUDY

Photon attenuation is the process of interaction with
atoms and other particles resulting in a complete photon
absorption or scattering with energy loss [7]. The
percentage of photons attenuated within the tissue is
independent of the annihilation location, but it is
dependent on the total travel length of the two 511 keV
photons along a line-of-response (LOR) [8].

In the Figure 2 the attenuation of emitted gamma quant
is shown. The number of photon can be absorbed or
scattered in the tissue and as a results the information
about tissue properties is lost. The attenuation of particle
beam is dependent on the attenuation of tissue and line of
response value.

Tissue

Absorption in
tissue Anihilation
‘/ position

Figure 2. Attenuation of gamma photon in PET study
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This dependency is given by relation.
A= A" (6)

where 4, is total number of annihilation at given point in
certain direction, p is attenuation coefficient along path
of photon trajectory with corresponding /or value and 4
is total number of registered photon in the detector [9].
Basic idea of attenuation correction is measure or
calculation of u(x,y) and lor for given point with
coordinate x and y and multiply the number of registered
photon by the factor of attenuation correction which is
given by
AC _ e[urv/zin'ssue )

laire u_air

elair-;liair (7)

where the e is air attenuation influence. [10]

A. CT based attenuation correction method

The attenuation correction based on the CT is method
to directly measure the linear attenuation coefficient of
the tissue and organs. In a more precise consideration CT
images represent map of effective linear attenuation
coefficient for the energy range interval given by the
spectra of the X-ray source. For the attenuation
correction we need to convert this value to the linear
attenuation coefficient for the energy of the 511 KeV.
[11] The linear attenuation coefficient strongly depends
on the energy and there is not an unambiguous method
which fully resolves this problem in emission
tomography imaging. The gray value of CT image is
corresponding to CT number defined in relation (4). The
CT number is directly proportional to the linear
attenuation coefficient of the tissue. Using the linear
interpolation attenuation coefficient for given CT X-ray
spectra can be convert to linear attenuation for photon
energy of 511 KeV. Based on this calculation the space
distribution of the linear attenuation coefficient can be
obtained. Knowing the distance of the given pixel to the
detector provides an opportunity for attenuation
correction using relation (7).

B. MRI based attenuation correction method

The MRI method does not offer information about
linear attenuation coefficient and this is one of basic
challenges of this attenuation correction method [12]. The
MRI attenuation correction procedure uses technique for
image processing (segmentation and registration) for
extracting the part of tissue structures. It is not possible to
obtain information of all kinds of tissues, especially bone
cortical [13]. The segmentation procedure divides the
image into regions with uniform attenuation coefficient.
Every region represents one kind of tissue according to
the gray value.

When the image is divided into segments, the next step
is determination of path way particle length from every
pixel to the PET detector. Using this length and
corresponding linear attenuation coefficient for energy of
511 KeV using equation (1) the attenuation correction
factor is obtained. The attenuation correction is now
applied for every pixel of the PET image.

C. Image registration

The image registration is matching of two or more
images of the same object taken by the different imaging
modality, different position or configuration. Using
mathematical language, if we have two images Z and J

of the same object observed by the different modality
method, the registration is founding the mapping function

¢oZ — J which maps every pixel of 7 to J. The
difference ¢o7 — 7 represents displacement field of every
pixel image Z. If matching process is represented as

deformation the map function is then time varying
function with normalized time t as the parameter. The
velocity of deformation is given b:
dp(x,t
DD g ®
dt
and ¢(x,0) = x is satisfied.

The problem of finding corresponding map function is
based on the minimization of functional

1
IHvVHZm +J'
0

R

00T -7|-dR )

where R is domain of image space [14]. The next step is
applying the gradient-based optimization strategy for
minimizing equation (9). Using obtained map it is
possible to finish process of registration.

IV. RESULTS

In this study the images data set [15] is used. The study
includes multimodal brain images of MRI, CT and PET.

In the Figure 3, the different imaging modality of the
same brain cross-section is shown.

c.)

Figure 3. A Multimodal images of brain slices a.) CT
image, b.) MRI image, c.) PET image

The first step in attenuation correction procedure is
registration of the corresponding PET and CT images.
The purpose of the registration is aligning the CT image
with the PET image with the aim to map linear
attenuation coefficient value in the space of the PET
study observation. The different modalities have different
values of the image resolution, (512x512 pixels for CT
and 336x336 pixels for PET). The CT image has higher
resolution and it is necessary to down sample this image
by the factor 336/512. The spline interpolation has been
employed.
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The registration of the images represents procedure for
finding an appropriate transformation that establishes
correspondence between pixels of CT and PET images.
In the Figure 4, the registration of the PET and CT
images is shown.

a.) b.) c)

Figure 4. Registration procedure of the CT and PET
image, a.) PET image with resolution 336x336 pixels,

b.) Down sampled CT image, c.) Registered image.

The PET image is fixed and CT is warped by the
corresponding transformation. When the images are
matched, the linear attenuation coefficient from gray
value can be calculated. It is assumed that maximum and
minimum gray value corresponds to cortical bone tissue
and the air respectively. The linear attenuation coefficient
of the cortical bone for gamma photon energy of the 511
KeV is 0.1714 cm™ and for air is 10 cm™. This value for
the other tissue is assessment using interpolation between
maximum and minimum value according to gray value.
Using the calculated linear map the final PET image with
attenuation correction is obtained, Figure 5 b.).

a) b))

Figure 5. Attenuation correction a.) PET image before
correction, b.) Corrected image

V. CONCLUSION

In this study the different imaging methods are
presented. The advantage of multimodal imaging is
obtaining a more quality information about tissue and
organs due to fact that each of the imaging techniques has
some limitations. The particular attention is given to the
PET study and the problem of attenuation correction.

This problem can not be unambiguously solved due to
uncertainty of the linear attenuation coefficient. One way
to resolve this problem is using CT scanner image and
combining it with PET. The CT scanner uses
polyenergetic X-ray source and PET uses gamma photon
with energy of 511 KeV. The main goal of attenuation
correction is to convert this effective linear attenuation
coefficient measured by the CT to attenuation coefficient
for gamma photon energy. CT X-ray source generates
photon energy in the spectra range. The attenuation
coefficient represents average value for all energies from
the spectra range due to high dependent between
attenuation coefficient and energy of photon.

The approach in this study is based on linear
conversion gray value of reconstructed image into linear
attenuation coefficient with assumption that maximum
and minimum values correspond to bone and air
respectively.
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