
Proton Computed
Tomography

Data analysis with neural networks

Author: Dudás Bence

Eötvös Loránd University



Cancer Treatments in 
general



Treating cancer

• Locate cancer

• Destroy cancerous cells
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What is Hadron Therapy



What is Hadron 
Therapy

• Type of cancer therapy

• Radiation

• Using the Bragg-peak of protons

• Ambulant treatment

• Minimized harm

• Require tomography in respect of the
proton



What is Proton 
Computed Tomography



Proton Computed Tomography

• Photons are absorbed

• Protons are scattered

• Uses high energy protons



Problem to Machine Learning

• Reconstruct the trajectories

• For image reconstruct we need:
• Get the scattering angle

• Get the energy deposition



Data Structure

• Unknown number of finite data points

• Every point consits of X,Y,Z position and 
energy deposit
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Transformers

• One of the most promising DL architecture

• Attention to time series

• Inputs(Key/Query): X,Y,DE, 

• Targets(Value): 𝜙, 𝜃 Kinetic Energy



Techniques

• From the last go through every detector layer

• Connect their position with respect to the previous ones

• Random permutation of data after every step



Techniques

Simplified input:



Techniques

Simplified input: The targets:
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Thank you!



Thank you for my supporters!

• Dr. Papp Gábor & Dr. Bíró Gábor

• A kutatás az Európai Unió támogatásával valósult meg, az RRF-2.3.1-21-2022-
00004 azonosítójú, Mesterséges Intelligencia Nemzeti Laboratórium projekt
keretében.

• MassivPara@HEP (2020-2.1.1-ED-2021-00179)



Resources

• https://www.uwa.edu.au/study/courses/master-of-surgery

• https://www.timesofisrael.com/major-israeli-hospital-admits-giving-
cancer-patients-expired-chemotherapy-drugs/

• https://www.saferradiationtherapy.com/radiation-therapy-2/

• https://builtin.com/artificial-intelligence/transformer-neural-network
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