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This report shortly describes my eight months of internship at SCK CEN, Belgian Nuclear Research
Centre, to which | partecipated as a Master student in Nuclear Engineering from Politecnico di
Milano, Italy.

In the project, an integrated, semi real-time computational dosimetry system to track Interventional
Radiology procedures and perform Monte Carlo simulations of radiation transport was developed,
with the purpose of estimating personal equivalent dose to the operating clinical staff, thereby
providing a valid alternative to personal dosimeters.

This study was carried out under the supervision of Jeremie Dabin, Filip Vanhavere, Pasquale
Lombardo and Mahmoud Abdelrahman, and it is the continuation of the work they conducted at SCK
in recent years, called PODIUM project (Personal Online Doslmetry Using computational Methods),
exploring computational methods to improve worker dosimetry in several fields of application
where personal dosimeters did not prove to be accurate. In Interventional Radiology in particular,
conventional personal dosimetry presents major pitfalls, given the highly variable and
heterogeneous radiation field and the presence of constantly moving bodies and objects during this
type of clinical procedure. Personal dosimeters only provide significantly inaccurate point
measurements and are occasionally forgotten by operators. On top of that, among all the categories
of clinical operators dealing with radiation fields, interventional radiologist are the ones receiving
the highest occupational exposure. All these elements suggest that computational dosimetry could
take the lead and provide more accurate dose measurements for the clinical staff.

The approach presented in this study is divided into two major stages. The first is the procedure-
tracking system, a Python program which connects to specific hardware (namely 3D cameras for
body-tracking of clinical staff and ultra-wideband sensors for tracking of shielding objects), filters the
acquired data, maps it to a unified coordinate system and saves it locally. This system has been
installed for three months in an interventional cardiology room at the OLV hospital of Aalst, where it
tracked several procedures under the supervision of Dr. Dimitri Buytaert, biomedical engineer at the
hospital. The second part consists of a series of Python scripts that elaborate the tracked data of
each procedure, perform further elaborations and transform it into a set of input files for Monte
Carlo simulations in PHITS particle transport code. The simulations are therefore launched and their
results are elaborated to obtain the cumulative equivalent dose, in terms of the operational quantity
Ho(10), of the group of clinical operators in the room. This data is then compared with the measured
values from the operators’ dosimeters, in order to validate the system.

The results show a simulated dose having same order of magnitude of the dosimeters measurement,
but still with a significant underestimation mainly due to the inaccuracy of the tracking hardware in
representing the shielding objects at the correct position and orientation, suggesting that the system
could be valid by using more accurate tracking devices or by simplifying the tracking method.
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