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INTRODUCTION
r t t | t ra I y + Proton therapy has outstanding results in cancer therapy due to the protons’ nature: they have a very localized dose deposit

« Before every radiotherapy, there is a need for imaging - this is carried out by X-ray CT most of the time = it gives information about the absorption of photons - a conversion is needed to
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be made from Hounsfield units to proton Relative Stopping Power (RSP) - this results in some error

+ Use the same particle for imaging we use for the treatment - proton CT

THE BERGEN PCT COLLABORATION

Zimanyi Winter Workshop L

THE RICHARDSON-LUCY ALGORITHM

+ Statistical iterative algorithm

+ Models the problem as a linear equation system
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Vector containing the estimated
ton RSP values

Matrix containing the interaction Vector containing the known Water
coefficients between protons and Equivalent Path Lengths of the
pixels/voxels protons
I . The ALPIDE chip

b ot

GOALS AND DEVELOPMENTS

+ Hadron therapy is one of the most effective treatments for

cancer: less damage in healthy tissues, more dosage in the
tumour
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+ Imaging is a crucial part -» but photon CT (used currently in
+ Aims to build a proton CT based on the high energy the clineal proctice) has its fmitations lets use proton CT
particle detectors used in the CERN ALICE Collaboration | 1 it D1otone o Coulmb sCottering - catcuratime Rob ot
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voxel level and handling proton trajectories are crucial tasks
+ Very difficult technically: we need to process
* The detector system is based on the ALPIDE chip + Goals: testing, impproving and omptimizing a framework
(Monolithic Active Pixel Sensor)

~1million proton tracks to get one 2D slice of the
which uses the Richardson-Lucy algorithm for imaging

phantom
« Steps of the imaging:

* C++ code using GPU (CUDA)
Irradiate patient (~100 MeV protons) - detector senses i et * Goal: finding optimization regarding the number of
the signals - process signals - reconstruct the image P s iterations and protons
r v d
. . Camtons Camtons
- Wumh”\”“ + Most Likely Path calculation of the protons - using cubic
. . . 2 \ spline approximation
\ + Grouping data in batches - check MSE between iterations - @ (o
if < threshold - process data in the next batch
The Bergen proton CT :
reshold
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The workflow of the process
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+ Generating data with Monte Carlo simulations (Geant4 & Satstactory image
GATE) - very time consuming - parallelization
+ Comparing 3 different setups: ideal, silicon pixel and silicon

strip detector
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SP RECONSTRUCTION

! ..ii. * Using Derenzo phantom (epoxy cylinder with 1
1 1 different sized aluminium rods)

L bt bl « Evaluating spatial resolution with Modulation 1
! 1 111t Transfer Function: average individual rods - get]
bt et their point spread function -» get MTF with 20
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. Fourier transformation

+ Average MTFyox for the different setups:

i
[y > 1.43Ip/cm (ideal)
» 117 Ip/em (pixel)

0.94 Ip/cm (strip)

<) Q) ©)
+Using CTP404 phantom (epoxy cylinder with 8 rods
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: . - + Comparing the reconstructed RSP values of the 3
N s The RSP values of the different  SC1UPS t0 the ground truth values
——— reconstructions and the ground truth « The biggest elatve diference between the ground
truth and the reconstructed values was ~
A* NS QDS ISRl ¢ Ve have developed a framework that uses the Richardson-Lucy algorithm for REFERENCES
imaging with protons -» has never been used for this purpose before
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wever promising results have been achieved T oo prton i et st of
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Richardson-Lucy algorithm for imaging

e * Protons & heavy ions: o = crouna | | L
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Hadron therapy: 2 | | """" "
outstanding cancer ‘ |
treatment - but thereare  : .| ]
challenges with the ]
imaging L

First time using Richardson-Lucy algorithm for medical
imaging

Optimizing the framework: speed & accuracy

Ground truth

Testing the algorithm on 2 phantoms: spatial resolution &
RSP reconstruction

Promising results (using ~10¢ protons), comparable with
Silicon pixel Silicon strip other used algorithms
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