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Overview

● Introduction
○ In vivo dosimetry with EPID
○ The InTrEPID project

● Data collection
○ EPID images
○ Portal Dose images

● Database resume
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● IVD is an important quality assurance 
tool, measuring the dose during 
treatment and comparing it to the 
planned dose.

● Electronic Portal Imaging Devices
(EPID) have gained prominence for 
pre-treatment dose verification and 
real-time monitoring in RT.

● However, calibrating EPIDs is 
complex due to their multi-layered 
structure, which differs from standard 
phantoms.

EPID for In-vivo dosimetry (IVD)
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The InTrEPID project
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Unit 1: Data collection (UNIFI)
Cinzia Talamonti, Prof.

Icro Meattini, Prof.

Carlotta Mozzi, SSFM student
Michele Avanzo, CRO Aviano

Unit 2: AI model (INFN)
Alessandra Retico 1° Researcher

Aafke Kraan, Researcher

Silvia Arezzini, 1° Technologist
Lorenzo Marini, PhD student

The In-vivo 3D dosimetry in radiotherapy Treatments with EPID (InTrEPID) project born in 
October 2023 and lasting two years, is currently distributed across two locations (University 
of Florence and INFN of Pisa)

The InTrEPID project aims at developing a Deep Learning-based 3D in-vivo dose 
reconstruction framework based on EPID images acquired during dose delivery.
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The Artemis project
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The Artemis project aims at developing also an alert framework to advise if the dose delivery 
is correct or not.  Three years project, include patients treatments plans, funded by INFN.
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Open issues
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● Artificial Intelligence techniques 
have been explored in RT to 
address some challenges, 
including image segmentation 
and predictive models.

● This project will focus on recent 
implementations of Deep 
Learning (DL) techniques for 
predicting 2D/3D dose maps
based on EPID measurements.
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1. The EPID image is acquired during the treatment and then transformed in PD by the 2D-
InTrEPID AI system.

2. EPID + CT slices as input of the 3D-InTrEPID → prediction of the 3D dose distribution

2D-InTrEPID 
AI

3D-InTrEPID 
AI

2D Portal Dose(PD)

3D Dose Distribution

EPID image

The InTrEPID project: the goal
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2D EPID image 
2D Portal Dose 

(PD)
(calculated)

3D  Dose

Back-projection

Traditional and Deep Learning approach
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sensitivity matrix 
correction;
dose response 
calibration;
EPID scatter 
correction

Traditional approach

CT
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2D EPID
image 

2D Portal Dose 
(PD)

(calculated)

3D Coarse
Dose

Back-projection

3D dose 
distr. (MC)

Traditional and Deep Learning approach
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sensitivity matrix 
correction;
dose response 
calibration;
EPID scatter 
correction

Deep Learning: state-of-arts

CT

● LI, Yongbao, et al. Physics in Medicine & 
Biology, 2021, 66.23: 235011.

● J. C. Martins et. al, Physica Medica, Volume 
114, October 2023, 103148
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2D Unet
3D Unet
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CT

Phase 1
Phase 2

2D EPID
image 

2D Portal Dose 
(PD)
(TPS)

3D Coarse 
Dose

3D dose 
distr. (TPS)

InTrEpid Deep Learning approach

DL approach
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2D Unet
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2D EPID
image

2D Portal Dose 
(PD)
(TPS)

Phase 1

Data collection: Dataset

How to train the U-net architecture?

We need a set of data composed by 
pairs of EPID data and calculated PD 
image.  

Source

CT

EPID water equivalent 

Predicted dose 
with TPS

Source

Patient

EPID (a-Si)

EPID Image
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Data collection: Dataset

TPS EPID
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Data collection: EPID images
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2D EPID
Examples
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Data collection: EPID images
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We have delivered 32 treatment plans using 6 MV X-ray beams at 
VersaHD Elekta Linac (Careggi Hospital) 

Each plan consist of 4 beams with different size (2x2, 
5x5,10x10,20x20 cm2) and 100 MU each.

Phantom used: 
● anthropomorphic
● homogeneous SLAB
● SLAB with inhomogeneities
● Multiplug with different 

insert (Ti, Bone, Lung)
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Data collection: PD images (TPS)

How to obtain PD image?

Complex calibration for EPID in dose 
→ After conversion in water 
equivalent thickness, we use TPS 
Monaco to calculate dose at plane of 
EPID (forward approach)

About Monaco TPS:
- Monte Carlo based
- developed by Elekta 
- research software version
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Data collection: PD images (TPS)
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1. Extension of detection area 
beyond CT

2. Positinate the virtual EPID 
water equivalent thickness 
(4 cm of thickness)

3. Dose calculation

EPID 
water equivalent

Detection area

Data collection: PD images (TPS)
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2D Dose Portale (PD) 
Examples
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File.txt as output:

Calculation Grid Resolution 
(x,y,z) 2.0,2.0,2.0 mm

DoseUnits, cGy

Data collection: PD images (TPS)
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TPS Portal dose verification
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Acquired some Portal Dose with Gafchromic to be compared with Portal 
Dose computed by TPS. 

GafChromic 
Film

Work in progress…
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Examples: 

Prelim
inary results

TPS Portal dose verification
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Dataset 

Collection of 128 pair of EPID and TPS portal dose images used 
for train 2D InTrEpid U-net.

Future plan:
- Increase the dataset
- Changing shape of beams
- Changing Energy (10MV, 6FFF)
- New phantoms 
- Vmat treatments 
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Thank you for your attention


