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Abstract

Tomography is simply generation of cross-sectional images of body via any kind
of penetrating wave. Today, tomography is one of the most popular medical imag-
ing modalities that is mostly preferred for monitoring body internals to search for
any kind of abnormalities. In this article, it is aimed to review some of the most
successful implementations of nature-inspired algorithms used in the development
of tomography technology.
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1. Introduction

Tomography is one of the medical imaging modalities which is widely used for
monitoring body internals by cross-sectional images. The word tomography word
originating from imaging by sections. It was first introduced to the public in 1972
[1, 2]. Devices used for generating tomography images are called tomograph and
images generated by these devices are called tomograms. A tomography required
to be able to generate waveforms that can penetrate through body. A rotating axis
moves the source of these waves during the imaging. Whereby a 2 dimensional
cross-section image of body is generated with each step. One of the oldest and
most popular type of tomography is x-ray tomography where a x-ray source is uti-
lized for imaging. This non-invasive modality gives doctors ability to scan body
internals for abnormal regions. It has found widespread use since it was first an-
nounced to the public. There are approximately 70 million recorded examinations
in 2007 in the US alone [3]. With the widespread use of tomography technology,
diagnostic problems that can be optimized have also increased. Rapidly evolv-
ing computing technologies have increased the diagnostic and imaging potential
of tomography, as well as medical diagnostic capacity. At this point, mechanisms
inspired by nature have been used to solve many problems that may be challeng-
ing for traditional approaches. In this article some of the most successful imple-
mentations of nature-inspired algorithms used in the development of tomography
technology are reviewed.

2. Use of Nature-Inspired Algorithms in Tomography

Biomimicry is an innovative approach focused on adapting nature’s mechanisms
into high-tech problems. Similarly, nature-inspired algorithms have been success-
fully applied in the solution of many biomedical problems. The optimization of
problems with nature-inspired algorithms has also increased the evolutionary ac-
celeration of tomography technology. Study of Rattan et al. may be given as an
interesting example which they have utilized BAT algorithm for optimizing seg-
mentation problem of tomography images [4]. They have utilized a series of algo-
rithm combinations for automated detection of lung nodules. The BAT algorithm
is inspired by the bats’ perception of their environment. Accordingly, the bats’
echolocation-based sensing abilities were simplified and used for optimization [5].
Similarly Filho et al. have presented a study in 2017, focused on lung nodule diag-
nosis in computed tomography (CT). They have utilized a combination of genetic
algorithm, phylogenetic diversity and support vector machines. They have uti-
lized genetic algorithm for selecting the best individuals to generate the model that
will be used in the classification [6]. Genetic algorithm is also a nature inspired
meta-heuristic algorithm that allows us to find solutions for complex problems by
mimicking the evolution elements of nature such as selection, mutation and repro-
duction [7]. Moreover they have utilized phylogenetic trees as texture descriptors.
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This is also a nature inspired approach. Phylogenetic trees are used in Biology for
showing the evolutionary relationships [8]. Resolution is one of the critical fac-
tors that directly affects the medical efficiency of the CT. Higher resolution means
more accurate detection of abnormal regions. It is possible to enhance resolution
by hardware improvements like sensor improvements [9]. However there are many
studies that aims to refine the reconstruction of CT images and enhancing the im-
ages. As an example, Yu et al. proposed a deep neural network based approach as
a Super-resolution (SR) technique. They have managed to take a single image as
input and produce SR images by utilizing deep convolutional neural networks [9].

Single photon emission is one of the types of computed tomography. Single
photon emission computed tomography (SPECT) uses gamma rays and can provide
3D images of body internals [10]. Samadiani and Moameri proposed a nature
inspired mechanism for diagnosis of coronary artery disease from SPECT heart
images [10]. They have innovatively utilized genetic algorithm for selecting best
features. Moreover they have also implemented Cuckoo Search (CS) algorithm for
search space reduction. It is one of the population based meta-heuristic algorithms
[11].

Automated segmentation of CT images is also one of the challenges of latest
studies. Dorgham and friends have presented a paper that tackles such problem.
Their innovative approach is based on monarch butterfly optimization (MBO) algo-
rithm. They have utilized that algorithm for finding optimal threshold for segmen-
tation. MBO algorithm is inspired from the transmigration behavior of monarch
butterflies which increases the probability of finding the optimal threshold [12].
Similarly Pleszczynski and friends inspired from animal behaviour for reconstruc-
tion of incomplete tomography data in their study [13]. They have implemented
polar bear optimization algorithm which is based on hunting characteristics of po-
lar bears [14].

Genetic algorithm is one of the widely used nature inspired algorithms for en-
hancing tomography technology. Mishra and friends implemented a self-guided
genetic algorithm as a reconstruction algorithm for limited view or sparse data
[15]. A self-guided Genetic Algorithm is kind of a Estimation of Distribution Al-
gorithms (EDAs) that use the probabilistic model to sample new solutions without
the help of conventional genetic operators [16].
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3. Conclusion

When the development process of tomography is examined, it is seen that the de-
velopments in information processing technologies play a serious role on tomog-
raphy technology. The rapidly accelerating computing power makes it possible
to adapt more mechanisms from nature to solving numerical problems. The stud-
ies examined in this article show that the ways in which nature evaluates complex
problems within its unique system have the potential to be a serious source of in-
spiration for human beings. In addition, the non-invasive three-dimensional visual
data presented by this new imaging technique is a source for completely new and
challenging problems for scientists to explore. This new data source, which has
the potential to carry critical information for human life, also creates diagnostic
and enhancement problems that are increasingly difficult to solve. The reviewed
articles show that solutions inspired by nature play a role in increasing the depth
of data that tomography can offer and in making the tomography technique much
more intelligent, flexible and adaptive than it is.
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