
International Journal of Electrical, Electronics and Data Communication, ISSN(p): 2320-2084, ISSN(e): 2321-2950 

Volume-7, Issue-12, Dec.-2019, http://iraj.in 

 A Review of Machine Learning for Gamma-ray Imaging in Position Emission Tomography 

 

39 

A REVIEW OF MACHINE LEARNING FOR GAMMA-RAY IMAGING 

IN POSITION EMISSION TOMOGRAPHY 
 

1
D.M.U.R.DISSANAYAKE, 

2
K. A. DILINI T. KULAWANSA 

 
1Faculty of Information Technology, University of Moratuwa, Moratuwa, Sri Lanka 

2Department of Computational Mathematics, University of Moratuwa, Moratuwa, Sri Lanka 
E-mail: 1udeshi.ravihari@gmail.com@gmail.com,2dilini_kulawansa@hotmail.com 

 

 

Abstract – This paper provides a brief introduction to machine learning and its usage for medical imaging. It is shown that 
machine learning applications have a significant important in medical imaging. Here the main focus is about Positron 
Emission Tomography (PET) imaging. This provides information of different types of PET such as small animal PET, 
human brain focused functional PET system and Positron Emission Mammography and their current issues. Limitations of 
all these are also included. Introduction of gamma-rays and gamma-ray bursts is also included. Most importantly this 
describes about gamma-ray imaging in PET. And finally future development of this field is described. 
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I.  INTRODUCTION 

 

Machine learning is an application of Artificial 

Intelligence that gives systems the flexibility to learn 

itself and improve from experience [2]. So there is no 

need to program it explicitly. Software applications 
become more accurate with the use of machine 

learning. Basic example for machine learning is 

building algorithms. These algorithms do a statistical 

analysis based on the received input data. The result 

of that is used to guess an output value which is in the 

acceptable range. Machine learning algorithms can be 

divided into two parts. They are being supervised and 

not supervised. As the name means supervised 

algorithms need to be supplied with both input and 

output by someone while unsupervised algorithms 

does not need anyone for that. Deep learning is used 

here to review data and make conclusions. For more 
complex processing tasks, unsupervised learning 

algorithms are used than supervised learning systems.  

Gamma rays are an excellent signature of detecting 

nuclear materials because of its ability to penetrate 

matter [20]. In gamma ray imaging images are 

produced from the emissions collected by gamma ray 

detectors. Gas detectors, scintillation detectors, and 

semiconductors are the three outstanding devices for 

gamma ray measurement. Incoming gamma-ray 

photons are converted to visible light photons by 

Scintillation detectors. By measuring the charge in 
the atoms Gaseous detectors detect gamma rays. 

Interacting gamma rays ionize the charge in the 

atoms. By interacting high energy photons electrons 

freed from their orbits. And semiconductor detectors 

can feel that moving charge [18]. Gamma ray 

imaging is useful because they can reach a remote 

detector through the inner body materials and 

different isotopes of gamma rays emit a spectra with 

different characteristics [17]. This research is about 

use of machine learning for gamma ray imaging in 

PET. Position emission tomography (PET) is an 

imaging technique which is in nuclear medical field. 

Positron-emitting short lived isotopes emit gamma-

rays. These gamma-rays are detected by the PET 

scanner. It is the basic functionality of PET. It 

estimate changes in the function of body organism, 

circulation and metabolism of body organs. The 

special feature of PET images is they can demonstrate 
pathologic changes in human body when comparing 

to other models of imaging. Algorithms of machine 

learning helps the estimation process to have less 

number of parallel errors [17]. 

 

First section of this paper is about the overview of 

machine learning, gamma-rays and PET. Section two 

describes about the major researches in PET imaging. 

Current issues in PET imaging is included in Section 

three. Section four is about applications of machine 

learning in medical imaging while section five 

presents the discussion. Final section describes the 
future directions of PET imaging. 

 

II. LITERATURE SURVEY 

 

Machine learning is an application of Artificial 

Intelligence that gives systems the flexibility to learn 

itself and improve from experience [2]. It has a close 

relationships with theoretical computer science, data 

mining, statistical physics, pattern recognition, 

optimization, probability theory, artificial 

intelligence, and statistics. Applications of machine 
learning include financial data analysis, processing of 

natural language, video surveillance, bio informatics 

and medical diagnosis [17]. 

 

In day today activities people use many applications 

of machine learning without knowing that they are 

using it. In banking section it is frequently used to 

detect fraudulent transactions. Virtual personal 

assistance such as Alexa, Siri, and Okay Google are 

helping people finding information, when asked over 

voice. Traffic prediction is also an application of 

machine learning [3]. 
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For medical images machine learning supplies an 
efficient way for automating the diagnosis and 

analysis. It can possibly lower the hardship on 

radiologists. These applications include segmentation 

of medical imaging such as liver, brain, colon, spine, 

kidney and lung, registration of medical imaging, 

detection based on computer and CT diagnosis 

systems, MRI diagnosis systems, natural language 

understanding, analyzing of function or activity of the 

brain and text analysis of radiology reports [22].  

 

A. The Role of PET in Medicall Imaging 

Before the body organs are seen in human body with 
the use of other imaging modalities, PET machine 

can create them. That is the importance of it. Because 

of the development of technology of PET imaging, 

now it can be used to small animals as well. Bio 

medical imaging modalities and The Crystal Clear 

Collaboration are the two methods that used to 

discuss the performance of PET [17].  

 

Many researches has been done to check the 

combination of PET with other medical imaging 

techniques. Tumor delineation and nodal state which 
are the diagnosis challenges of staging are improved 

by the development of integrated PET/CT. Results of 

this integrated system can be used to prevent the lung 

cancer [1]. Studies have shown that the changes of 

the brain activity can be detected using the PET and 

fMRI. This is done by producing experimental brain 

activation [7]. Simultaneous MR and PET imaging 

can be done using the recently developed whole-body 

MR/PET imager [1].  

 

B. Gamma-Ray imAging in Pet 

Gamma radiation are a model of electromagnetic 
radiation and by destroying cellular nucleic acid 

gamma radiation kills microorganisms [15]. Gamma 

rays are also called as photons. Gamma-ray emission 

is mostly secondary to alpha, beta or positron 

emissions or electron capture. When emission does 

not use the all the energy, the nucleus become to an 

exited state because it has energy which is ready to 

emit. This leftover energy is emitted as a photon [22]. 

Gamma-rays have the smallest wavelengths when 

comparing to other waves in electromagnetic 

spectrum. But comparing to others it has the most 
energy [8]. Gamma ray bursts are the most energetic 

and brightest electromagnetic action. Gamma rays 

completely flood their radiation for a short time of 

period in gamma ray bursts [19].  

 

C. Gamma-Ray  Imaging 

Gamma-rays can penetrate tissues because they are of 

low energy (100-511kev) in vivo applications. In this 

energy rates gamma-rays can also be efficiently 

stopped. So they can be measured by external 

detectors [18]. During decay 99Tc emits a 140kev 

gamma-ray. 99Tc is used with radioactivity for most 

procedures of human imaging and it has 6h half-life. 

It can be continuously available from hospital 
generators or it can be available at regional nuclear 

pharmacies. 99Tc is chelated to various compounds 

which have various characteristics. And also it can be 

attached to proteins [4].  

 

Collimator is a main attenuator for gamma-rays and it 

is located in between the gamma-ray detector and the 

imaging subject. 99Tc can be imaged using a gamma 

camera which has a collimator. From different 

collimators some are focused on low energy gamma-

rays while others are focused on its opposite [4].  

 
There are differences between gamma camera 

imaging and PET. Because PET machine can only 

image 511kev gamma-rays. PET has 3D imaging 

techniques and it uses the indirect detection of 

positrons. Positrons are considered as electrons with 

positive charge [4]. During radio activity decay 

positrons are emitted from rich proton nucleus. 

Positrons go through a destruction process by 

combining with an electron [5]. Therefore the life 

time of positrons is relatively short. When combining 

with the electron, it become into two 511kev gamma 
rays, which is actually can be detected in PET. 

Positrons are not detected in PET [4].  

 

Circular array of detectors in PET are created for 

photon detection. So it is easy to record exact time for 

a single detection. In analyzing this, the 511kev 

gamma radiation from the occidental genetic 

genocide can accurately identify two identifier factors 

in opposite directions at the same time [4]. When the 

image is reconstructed it is easy to determine the 

actual location of decay events because various 

511kev photon pairs attack another detectors‟ 
opposite pairs [12].  

 

Radionuclides are proton rich and used in PET 

imaging. They are produced using charged-particle 

reaction at cyclotrons. Many PET radionuclides live 

half from their lives. So production is equal to where 

imaging will be done [4] 

 

III. MAJOR RESEARCHES 

 

As discussed in previous sections, PET technology 
can quantitatively and routinely measure biochemical, 

metabolic and functional activity in living tissue. 

Pathologic changes of body can be demonstrated by 

PET images without seeing them on other imaging 

modalities [17]. 

 

Because of the continuous development of the 

technology of PET imaging, now it is used for small 

animals as well [17].  A research has been done to 

describe how high performance PET imaging 

techniques are approached in the Advanced 

Technology Laboratory Animal Scanner (ATLAS)‟s 
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design. Applications of this technology are visualize 

gene expression and evaluate the efficiency of testing 
the human diseases using small animal models. This 

research address the problems of small animal PET 

imaging, which are sensitivity, visualization of organ 

substructure and effective spatial resolution [14].  

 

For the PhD of medical science, Cedric Lemaitre has 

submitted the dissertation about the use of machine 

learning techniques for PET imaging. This paper 

gives the details of PET within the medical imaging 

spectrum and it describes how the PET images are 

created from positron emitter. It presents the 

evaluation of PET block detectors. And it 
demonstrates the combined point sources‟ 

tomographic images and a Dorenzo phantom which is 

about reconstructed images which has two dimension 

on the PET prototype demonstrator. To develop the 

small animal PET imaging this research discusses 

about the „The ClearPET Project‟ which covers all 

the previous issues of that area [17]. 

 

“From PET detectors to PET scanner” is an article of 

nuclear prescription and molecular imaging in 

European journal.  It is about radiation control for 
PET and discuss the affection of it for the 

performance of PET scanner [6]. An overview about 

PET physics is provided in here. Main topics that is 

discussed in this paper are, crystal detectors‟ 

properties and its usage for performance of the 

scanner, new crystals of experimental PET scanners 

and detector configuration development. 

 

Research in machine learning methods regarding 

medical imaging is based on technological issues and 

many of them are application driven. A research has 

been done to find answers for the fundamental 
questions and gain useful ideas in medical imaging 

field about machine learning methods [10].  

 

After so many researches integration of PET scanner 

hardware into an MRI system gives the PET/MRI 

imaging with lot of technical challenges. But it has a 

reliable technology which provides quantitative PET 

data, high resolution anatomic MRI images and full 

MR functional imaging capabilities [13]. 

When comparing to other techniques Positron 

Emission Tomography (PET) is an effective imaging 
technique. During the past decades the scope of the 

research has shifted to neurobiological investigation 

and the clinical outcome of that. 

 

IV. CURRENT ISSUES IN PET IMAGING 

 

There are still some limitations of PET imaging that 

need to be overcome. All the dedicated PET scanners 

need high sensitivity [17]. All types of PET scanners 

have scintillators which has crystals inside it. Each 

scintillator element has a cross-sectional area. By 

reducing this resolution of images can be achieved. 

For that crystals must be remain about 30 mm in 

length [6].   
 

When considering the small animal PET imaging it 

must have several improvements. As for now the 

biggest issue is less sensitivity. Need to increase it 

while trying to minimize radial resolution 

degradation. Major issues of this technology is 

addressed by the ATLAS project. But there are still 

some fields that need attention. Intrinsic spatial 

resolution is also need to improve to an effective 

level. 

 

If chemical balance of the body is not normal PET 
scanning can give false results. Specifically when 

diabetic patients eat before examination, test results 

are changed. It‟s because the blood sugar level and 

the insulin level changes when someone eats. The 

major issue of Positron Emission Mammography is 

scanner must cope with large single gamma-ray 

because scanner is very close to the heart. Emission 

of single photon is a very difficult task [21].  

 

V. APPLICATION OF MLMI 

 
Some machine learning applications which used in 

medical imaging is discussed in this section. 

 

A. Medical Image Segmentation 

Normal and abnormal are some structures of medical 

imaging. Fat, bones, muscles and organs are belong 

to normal structures and fractures and tumors are 

belong to abnormal structures. The process of 

identifying these structures in images is called as 

segmentation [17]. The critical point of this is to learn 

how to segment medical images. Problems that 

complicate medical imaging are vague and 
incomplete boundaries, normal anatomic variation 

and post-surgical anatomic variation [9].  

 

Graph concept provides a polished way for 

abstracting image information. Graph cuts are based 

on graph and they are methods of segmentation. In 

segmentation of medical images graph cut has many 

realistic applications. In MRI images lesion division 

is done using this. And also output of cardiac MRI 

data which has four dimension does the segmentation 

for left myocardium [9]. 
 

B. Medical Image Registration 

Image registration can be identified as one of the 

applications of machine learning. When a patient 

needs a medical examination, he may be evaluated 

using different methods, scan by using different 

imaging modalities or else scan by using same 

imaging modality at different levels. Moreover, those 

levels can be categories as scan at different positions 

of the modality or different times or situations. The 

medical images supportive and union of them will 

lead to precise diagnosis. First step of integration of 
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information is that align the set of images spatially 

this procedure called as registration or matching [9]. 
In medical image registration Thin-plate spline is 

considered as significant. This is an affine map‟s 

extension which is natural and non-rigid. It is focused 

on minimization of bending energy which is based on 

spatial mapping [16]. 

 

C. Computer-Aided Detection and Diagnosis 

System for CT or Mri Images 

Computer-aided detection (CADe) and computer-

aided diagnosis (CADx) are effective ways for 

interpretation of medical images. They reduce the 

reading time of the image and increase the sensitivity 
of detection while improving the accuracy. CADe and 

CADx has a combination of different technologies 

[9]. 

 

To detect specific diseases CAD systems are 

designed and optimized for better results. Diseases 

such as ground glass opacity and lung nodule might 

share the same characteristics. Therefore, the system 

needs to improve its performance and utility. This is 

done by training a classifier to do multiple tasks at the 

same time. The proposed solution is the multitask 
machine learning. Multi-task CAD systems are 

included in related field works. The learning 

algorithm of the multitask system has the ability to 

reject irrelevant characteristics and features of given 

subtasks. As a result, lung cancer prediction and 

analyze the wall motion of heart was successfully 

achieved. [11]. 

 

In United States second main reason for cancer-

related deaths is the colon cancer. Computer 

Tomographic Colonography (CTC) is called virtual 

colonoscopy because it is using the fly-through 
viewing model. When screening patients for colonic 

polyps CTC provides a comfortable alternative for 

optical colonoscopy. These detection software has big 

development and high meticulous by today [9].  

 

D. brain function or activity analysis and 

neurological diseases diagnosis from fmr images 

In understanding psychology and diagnosis of brain 

disease it is important to analyze brain function and 

its activities. Functional Magnetic Resonance 

Imaging (fMRI) assess brain activity by providing 
noninvasive method.. In past few decades, machine 

learning 

algorithms are used continuously for rewriting from f

unctional magnetic resonance imaging. When feature 

extraction, classifier training are used to derive the 

figures of the brain activity. Developing self-

regulated ways in which to be told the figures from 

fMR pictures is difficult as a result of the information 

square measure very high dimensional 

and hissing with tiny size [9]. 

 

Lie detection for fMRI images is introduced as a 

practical application in the field of spatial figures of 
brain. Parameter estimate images (PEIs) are created 

from the original MR images. This is done after the 

filtering and registration of the image. Then the PEIs 

are divided into 560 cubes. And collect one feature 

from each cube and the average is calculated. 

Examined results showed that the categorization of 

different brain activities has a high accuracy [9]. 

 

E. Channelized Hotelling Observer (CHO) 

This is widely used numerical observer in nuclear 

medicine imaging. CHO provides an approach to the 

evaluation of image quality. Therefore CHO provides 
a positive impact on the field. But human observed 

performances are not perfectly captured in CHO [11].  

 

VI. CONCLUSION 

 

The purpose of this research is to identify the gamma 

ray imaging in PET and understand the usage of 

machine learning for that. Dedicated PET machines 

must have a high sensitivity. Characteristics and 

behavior of these are narrowly discussed. And 

machine learning applications for these aspects are 
also discussed. This paper also focuses on the 

limitations of this field.  Machine learning techniques 

improve the effectiveness of medical imaging. And 

also it opens new paths as well. PET imaging is so 

much helpful to prevent cancers as well. Integrated 

PET systems increase the quality and area of 

imaging. So there are so many researches by now to 

develop integrated PET systems.  

 

FUTURE DIRECTIONS OF MACHINE 

LEARNING FOR GAMMA-RAY IMAGING IN 

PET 

 

Mainly future directions are focused on three 

category. They are, 

 

A. Sensitivity and Determination Change 

In 2D PET receiving mode, sensitivity is very low. So 

it is essential to focus on 3D acquisition mode.  

 

B. Increase the Accuracy of Detector Block 

Deciding event position is a property that affects the 

accuracy of detector block. It also have an impact of 
energy resolution. Spatial resolution and energy 

discrimination can be improved by the higher light 

output. That is the reason for investing in the detector 

development of PET. 

 

C. Further Development on Pet/Ct 

All the major manufacturers develop the customized 

PET/CT units for the use of radiologists. These 

scanners have an expanded patient breach. It allow 

the patients to pass through the scanner safely. 
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