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3-gamma medical imaging is a novel nuclear imaging modality that relies on the acquisition of 3 gamma photons 
coming from a b+ and gamma emitter such as Scandium 44 (Sc-44). The development of this approach is 
motivated by the possibility of utilising the information of the third gamma photon, which can help localise the 
annihilation site; this information can improve overall image quality but also allow for potential dose reduction 
and high speed dynamic imaging. Within the context of this imaging paradigm the development of new fast 
image reconstruction techniques is crucial.  
 

The objective of this thesis is to develop new image reconstruction techniques for 3-gamma PET imaging. This 
imaging is based on the utilisation of the coincidence photons to define a line of response (LOR) and on the 
detection of the emitted third photon to derive a Compton cone that can help in localising the annihilation 
position on the LOR. Over the last few years artificial intelligence (AI) has been massively employed in medical 
image analysis [1] and has more recently been also considered in the field of image reconstruction [2]. A potential 
advantage of these methods include the incorporation of physical processes without deriving a precise physical 
model and a reduced computational burden once the algorithm is trained. The hypothesis of this work is that AI-
based localisation of the third gamma will enhance both qualitative and quantitative accuracy of static and 
dynamic PET imaging using the proposed approach. 
 

Two distinct stages can be identified in the proposed thesis work. The first will focus on the implementation of a 
reconstruction algorithm for 3-gamma imaging based on AI. Within this context two scenarios will be considered. 
The first will be based on the use of AI approaches for estimating the coordinates of the cone-LOR intersection 
within the "pseudo-TOF" approach we have previously proposed for 3-gamma reconstruction [3]. The alternative 
will be the application of approaches such as classical convolutional neural networks (CNNs) and generative 
adversarial networks (GANs) for direct 3-gamma reconstruction (direct transfer from raw data to 3D images). 
The AI based approaches will be trained using simulated datasets based on validated scanner models already 
available but also on future imaging system designs. The second part of the thesis will consist of a performance 
comparison between the algorithms developed in the first step with those of (i). a "pseudo-TOF" algorithm as 
well as with (ii). a standard iterative PET image reconstruction using the CASToR platform [4]. The evaluation 
performed on acquired datasets will concern both performance in terms of sensitivity (according to the level of 
activity injected) but also in terms of image quality (signal-to-noise ratio, spatial resolution) and computation 
times. Finally, we will focus on the performance of the developed reconstruction approaches in the context of 
dynamic imaging.   
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