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MSc thesis projects in photon-counting CT research 
Mats Persson, Department of Physics, KTH; mats.persson@mi.physics.kth.se 

Below are some examples of possible projects, but this is not an exhaustive list. If you are interested please contact 

me to discuss ideas more in detail! 

 

Improved proton therapy planning with photon-counting 
spectral CT 
Proton therapy is one of the most advanced types of radiotherapy available and puts substantial demands on the 

image-based treatment planning methods. However, conventional CT scanners do not provide sufficiently accurate 

material characterization for attaining the desired degree of exactness in the treatment plans. This can be remedied 

through photon-counting CT, which has a significantly better ability to perform quantitative material 

characterization compared with previous CT technologies. In this pilot project, we will simulate photon-counting CT 

imaging of radiotherapy patients and develop accurate methods for translating the photon-counting measurements 

into maps of proton stopping power. We will both use conventional methods and using deep learning which is 

expected to be a substantially better method. To this end, you will take part in an interdisciplinary collaboration with 

Umeå University and Chalmers University of Technology and the Skandion clinic in Uppsala as well as the medical 

imaging industry. If this pilot project is successful, it is likely to grow into a large research project and can potentially 

lead to a new paradigm for proton therapy planning based on photon-counting CT. 

Uncertainty quantification in deep-learning CT recon-
struction  
Deep learning image reconstruction has been shown to be able to enhance image quality, but compared to model-

based iterative reconstruction, less is known about the underlying prior assumptions and the effect on the image 

quantitative accuracy is still unknown. However, recent progress in image reconstruction research is bringing about 

the emergence of methods for quantifying the uncertainty of image reconstruction. This can be accomplished by 

replacing the conventional, deterministic neural networks by stochastic neural networks, where the output is a 

random variable whose distribution depends on the input to the network. This is commonly achieved through within 

the framework of Bayesian neural network, for which the output is interpreted as a posterior probability given the 

observed data. An uncertainty map in image space can then be obtained by applying the neural network to the 

observed data multiple times and observing the resulting distribution of pixel values. 

The purpose of this project is to develop a method for uncertainty quantification in a neural-network-based image 

reconstruction technique that has been developed within our research group. To this end, we will modify the existing 

deterministic neural network to a Bayesian neural network and compare the estimated and actual errors relative to 

the known ground truth in simulations. This project, which is at the interface between applied mathematics and the 

mats.persson@mi.physics.kth.se


2022-06-13 

physics of medical imaging and is right at the frontline of CT research. A successful outcome will be an important 

step towards the emergence of reliable deep-learning-based CT reconstruction methods. 

 

 

Neural-network-based scatter simulation model for photon-
counting CT 
When an x-ray beam passes through an object, some of the photons are scattered, thereby changing their direction 

and losing part of their energy. Although most of these photons can be rejected by placing an anti-scatter grid in 

front of the object, the remaining photons can lead to artifacts in the image if not corrected for. There is therefore 

a need for modeling the scatter distribution in order to correct for this effect, in particular when developing 

quantitatively accurate photon-counting CT reconstruction methods. However, the Monte Carlo simulations 

traditionally used for scatter simulation are not fast enough to be included in an image reconstruction algorithm, 

and kernel methods, which are faster, can only give relatively crude approximations to the scatter distribution. 

Recently, deep convolutional neural networks have been applied successfully to construct fast, accurate scatter 

estimation algorithms. The goal of this project is to develop such a scatter estimation algorithm for spectral CT and 

to evaluate the achievable accuracy. Monte Carlo simulations will be used to simulate scatter for different patient 

geometries and a neural network estimator will be trained on the simulated data. Solving this problem will be an 

important step towards a truly quantitative CT imaging technique, with very large implications for the emerging field 

of data-driven radiological research. 

 

Excised heart specimen imaged with a deep-silicon photon-counting detector. F. Grönberg, J. Lundberg et al. Eur 

Radiol. vol. 30, 5904–5912, Jun 2020 

Convolutional neural 

network 


