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. Preface

the Fifth Workshop on the Advances of Information
| arganiz_ed_ as an annual conference by the Department
b mation Technology (IIT) of the Budapest University of
(BME). The presented papers of the conference cover the
t i‘biﬁ,,-in'.dlldi“g autonomous and assisted driving, robotics,
_. virtual reality, medical imaging, embedded systems, and
L @ﬂﬁt h special emphasis on emerging newer technologies, like deep
learning.

More pape

conference and the edition of this book were supported by the
3’00014 project financed by the Ministry of Human Capacities.

s rendered by Maté Hagyak. Laszlo Szécsi prepared the proceedings
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Guided Filtering and Partial Volume Correction for
Positron Emission Tomography

Dara Varnyi (varnyu.dora@gmail.com), Liszlé Szirmay-Kalos (szirmay @iit.bme.hu)

Department of Control Engineering and Information Technology, Budapest University of Technology and Economics, Budapest, Hungary

Abstract

Positron emission tomography (PET) is a nuclear medicine imaging technique that is used to observe tissue
metabolism by reconstructing the spatial distribution of the injected radioactive tracer. Due to constraints on the
time and the radiation dose of the examination as well as limited scanner sensitivity, PET images usually suffer
from a high level of noise. This paper focuses on the application of the guided filter for PET image denoising After
proposing several different guidance images, guided filter variants are compared with the median, the Gaussian
and the bilateral filrer in terms of image quality and speed. For dynamic PET reconstructions, a new approach, the
parametric filtering 1s conceived, in which filtering is performed on the parameters of the kinetic model describing
the radiotracer concentration. Finally, an efficient, guided-filter-based partial volume correciion (PVC) method 1s
proposed to restore accurate activity values that are blurred due to the partial volume effect.

Categories and Subject Descriptors (according to ACM CCS): 1.4.3 [Image Processing and Computer Vision]: Fil-

lering

1. Introduction

Positron emission tomography (PET) reconstructs the spa-
tial distribution of the radiotracer injected into the patient.
The tracer gets absorbed by tissues in proportion to their
metabolic rate, therefore regions with fast metabolism such
as the brain. the heart or malignant (umors appear bright in
the image.

During reconstruction, the measured volume 1s divided
into a 313 orid of homogeneous voxels. The task is to de-
termine 1]1; amount of radiotracer n cach of the voxc!s
based on the emission detected by the tomograph. Tlus
is accomplished by the maximum-likelihood cxpcc?anon-
maximization (ML-EM) iterative procedure [_13], which al-
ternates forward projections and back projections o find the
voxel activities that have the highest probability to have gen-
erated the measured data.

There are two types of PET reconstruction, _slalic %md Qy-
namic. With a static reconstruction, the goal is to visualize
a sinale snapshot of the patient’s b()(jy‘ whc.rcuS dynamic re-
c()n\;['LlL'lll)ns focus on monitoring biochcmtcnl clumgcs tak-
ing place in the body, such as the progression of a discase or
(h:‘ absorption of a certain drug in the organs.
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In dynamic PET, the space-time dependence of the tracer
concentration 1s reconstructed. The measurement time 1s di-
vided into independent time frames. Radiotracer concentra-
tion 1s described by a kinetic model of a predefined alge-
braic form that assigns a parameter vector to each voxel.
The goal of the reconstruction 1s to calculate these parame-
ter vectors [16,19]. In this paper, the two-tissue compartment
model [20] and the spectral model [18] are examined.

1.1. Previous work

PET images generally suffer from high noise due to con-
straints on the time and the radiation dose of the examina-
tion as well as limited scanner sensitivity, which can result
in misdiagnosis. Noise can be suppressed by introducing a
regularization term into the target function of the ML-EM
optimization [10], but defining the right parameters is chal-
lenging because their optimal values depend greatly on the
measured data and the reconstruction settings, Also, if the
regularization term is not convex, optimizing the modified
target function becomes difficult [22]. Alternatively, noise
can be reduced by carly stopping [5] or by filtering [6, 10].
In case of early stopping, the signal has not yet converged to



