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● Compton camera: electronically collimated 
device.

– Cone surface from measured positions 
and energies, if Eo is known or can be 
measured.

– Cone intersection.
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 Compton cameras
Physics experiments Location of radioactive sources

V. Schonfelder 1991 Adv. Space Res. 11(8), pp. (8) 313—(8) 322
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 Compton cameras
Physics experiments Location of radioactive sources

Hadron therapy 
treatment monitoring

99mTc-DMSA

 18F-FDG

Imaging in nuclear medicine
V. Schonfelder 1991 Adv. Space Res. 11(8), pp. (8) 313—(8) 322

Takashi Nakano et al 2020 Phys. Med. Biol. 65 05LT01

Shinji Motomura et al 2008 J. Anal. At. Spectrom. 23, 
1089-1092

Peter Thirolf et al 2014 Med. Phy. 40(6)
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https://doi.org/10.1039/1364-5544/1986
https://www.researchgate.net/profile/Peter-Thirolf?_sg%5B0%5D=PK4tEerWPZ-FqewyXua6PTcPBlc2hs5H9oOs4lSu2iXDyo0dryo-Vg6uCrUernuj7i1hBO8.Fw9PhCT-ruYfPsk9Yf8c9WYj4eD5eDhlrSgrkfZxm_7IqNZfq0q40y2VWrjn9DYT9m-9sVJk7Q4TtjK4eHWaMA&_sg%5B1%5D=4fo_FMsW3blRx6xRezIKMXOmvIXUZGaBBuVgeih4iu39J7BKGsksm2ymuN03f3XYTfaQ8E0.3bI_O2J6ffvTFeCTqn7NYjwCXeRJ-g280uazfwjuzUHslbIE9lVmYBiGDS-nC1Hw_MGHOswL8okTYqbtBgDzyw
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 MACACO III 

● Monolithic LaBr3 scintillator crystals of 25.8 x 25.8 mm2 and 5 mm thickness.

● SiPM arrays S13360-3025CS from Hamamatsu photonics.

● MACACO III employs the ASIC VATA64HDR16 from IDEAS.

● AliVATA DAQ system developed by the group and commercialized by Alibava Systems S.L. 

Medical Applications CompAct COmpton camera
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 Event Selection with Multi-Energy Radioactive Sources 

Array of 37 22Na sourcesMACACO III simulation in Gate v8.2
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MACACO III simulation in Gate v8.2
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Simulations

70 mm
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1275 keV

511 keV

Data Type
1275_good 0
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bad 1
unknown 1

Array of 37 22Na sources
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 Event Selection with Multi-Energy Radioactive Sources 

MACACO III simulation in Gate v8.2
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Simulations

70 mm

50 mm

1275 keV

511 keV

J. Pérez-Curbelo et al., Rad. Phys. and Chem (2024), https://doi.org/10.1016/j.radphyschem.2024.112166.

Data Type
1275_good 0
511_good 1
1275_bs 1
511_bs 1
bad 1
unknown 1

Array of 37 22Na sources
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 Event Selection with Multi-Energy Radioactive Sources NNs trainning
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*L. Biewald. Weights & Biases. [Online]. Available: http://wandb .com.

NN
Layers
(# of neurons)

1-6-1
(8-200-90-90-40-40-10-3)

Optimizer Adam
Learning rate 0.001
Activation ReLU

sigmoid
Batch size 2000
Epoch 300

Hyperparameters tuning by using Weights and Biases*
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 Event Selection with Multi-Energy Radioactive Sources Experimental setup
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● 37 22Na sources
● 0.28 Mbq at the time 

of the measurement
● 21600 s
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 Event Selection with Multi-Energy Radioactive Sources Experimental setup

Deposited energy in 
the first plane 

vs
Deposited energy in 
the second plane 

Data from coincidences in Plane 1 and Plane 2. 
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 Event Selection with Multi-Energy Radioactive Sources Experimental setup

Deposited energy in 
the first plane 

vs
Deposited energy in 
the second plane 

Data from coincidences in Plane 1 and Plane 2. 

Random events
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 Event Selection with Multi-Energy Radioactive Sources Experimental setup

Deposited energy in 
the first plane 

vs
Deposited energy in 
the second plane 

Data from coincidences in Plane 1 and Plane 2. 

Total photon 
energy absorption

Javier Pérez Curbelo                                                                    MODE                                6



 

YIWS 2022 20Multi-gamma imaging with MACACO III Compton camera

 Event Selection with Multi-Energy Radioactive Sources Experimental setup

Deposited energy in 
the first plane 

vs
Deposited energy in 
the second plane 

Data from coincidences in Plane 1 and Plane 2. 

Backscatter events
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 Event Selection with Multi-Energy Radioactive Sources Results

Deposited energy in 
the first plane 

vs
Deposited energy in 
the second plane 

NN selected data 
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 Event Selection with Multi-Energy Radioactive Sources Results

Deposited energy in 
the first plane 

vs
Deposited energy in 
the second plane 

NN selected data 

Energy cut method
Cut in 600 keV 
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 Event Selection with Multi-Energy Radioactive Sources Results

Deposited energy in 
the first plane 

vs
Deposited energy in 
the second plane 

NN selected data 

Energy cut method
Cut in 600 keV 

All experimental data

Experimental data 
selected

 by the two NNs
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● Maximum Likelihood Expectation 
Maximization (MLEM) algorithm.

● System and sensitivity matrices 
are calculated analytically.*

● Median filter with 3×3×1 voxel 
window size.

● Field of View: 101×101×21 
mm3, volume grid composed by 
1 mm3 voxels.

* E. Muñoz et al., Phys. Med. Biol., 2018, 63 (13): 135004.

* J. Roser et al., Phys. Med. Biol., 2020, 65, 145005.

 Event Selection with Multi-Energy Radioactive Sources Results
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Image with good coincidences 
generated by 1275 keV photons 

classified by the two NNs.

● Maximum Likelihood Expectation 
Maximization (MLEM) algorithm.

● System and sensitivity matrices 
are calculated analytically.*

● Median filter with 3×3×1 voxel 
window size.

● Field of View: 101×101×21 
mm3, volume grid composed by 
1 mm3 voxels.

* E. Muñoz et al., Phys. Med. Biol., 2018, 63 (13): 135004.

* J. Roser et al., Phys. Med. Biol., 2020, 65, 145005.

 Event Selection with Multi-Energy Radioactive Sources Results

x (mm) 
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● Field of View: 101×101×21 
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 Event Selection with Multi-Energy Radioactive Sources Results

Image with good coincidences generated by 
1275 keV photons classified by the two NNs.

Image with all experimental events applying a cut in 
600 keV prior to reconstruction.

x (mm) x (mm) 
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● Maximum Likelihood Expectation 
Maximization (MLEM) algorithm.

● System and sensitivity matrices 
are calculated analytically.

 Photon Interaction Localization in Monolithic Crystals 

Plane 1 E1, x1, y1, z1

Plane 2 E2, x2, y2, z2

Introduction
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● Maximum Likelihood Expectation 
Maximization (MLEM) algorithm.

● System and sensitivity matrices 
are calculated analytically.

 Photon Interaction Localization in Monolithic Crystals 

Plane 1 E1, x1, y1, z1

Plane 2 E2, x2, y2, z2

Analytical method Neural networks method

Introduction
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● Realistic simulations:
➢ One plane of MACACO III.
➢ 25.8 × 25.8 × 5 mm3 LaBr3 scintillator crystal.
➢ 8 × 8 SiPM array with a pixel size of 3 × 3 mm2. 
➢ Perpendicular 511 keV pencil beam.

MACACO III simulation in Gate v7.0

Javier Pérez Curbelo                                                                    MODE                              10

 Photon Interaction Localization in Monolithic Crystals Simulations
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 Photon Interaction Localization in Monolithic Crystals Simulations

Two grid sweeps for model training, validating and testing 

● 12 × 12 grid, 1 mm step.
➢ 6000 events per position for training.
➢ 2000 events per position for testing.

● 6 × 6 grid, 0.5 mm step.
➢ 2000 events per position for validating and avoiding 

overfitting.
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 Photon Interaction Localization in Monolithic Crystals NNs trainning

• The light collected by each pixel of the SiPM was used to create an 8 × 8 image for training the CNN model.

x = 3.0     y = 3.0 x = 12.0     y = 5.0
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• The light collected by each pixel of the SiPM was used to create an 8 × 8 image for training the CNN model.
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Input: 8x8x1 image        512 filters (3x3)      512 filters (3x3)       512 filters (3x3)   flatten  4096  4096  1000 

x
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 Photon Interaction Localization in Monolithic Crystals NNs trainning

• The light collected by each pixel of the SiPM was used to create an 8 × 8 image for training the CNN model.

x = 3.0     y = 3.0 x = 12.0     y = 5.0

Input: 8x8x1 image        512 filters (3x3)      512 filters (3x3)       512 filters (3x3)   flatten  4096  4096  1000 

x

y

● Ground truth: positions provided by Gate.
● Loss function: Mean absolute error (MAE).
● Optimizer: Adam.

● MAE, euclidean distance and the full width at half 
maximun (FWHM) as figures of merit (FOMs).

● Once the 2D model was trained, it was used to 
predict the depth of interaction (DOI).



 

YIWS 2022 38Multi-gamma imaging with MACACO III Compton cameraJavier Pérez Curbelo                                                                    MODE                              12

 Photon Interaction Localization in Monolithic Crystals Results

 FWHM: 
0.22 mm

Difference real  - predicted in x direction 

Same result for the y direction

2D Error distribution
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 Photon Interaction Localization in Monolithic Crystals Results

 FWHM: 
0.22 mm

Difference real  - predicted in x direction 

Same result for the y direction

2D Error distribution

Difference real  - predicted in the DOI direction

 FWHM: 
0.62 mm
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 Photon Interaction Localization in Monolithic Crystals Results

MAE eucliden
distance

FWHM

2D - 0.27 0.22
3D 0.21 0.44 0.62

FOMs (mm)
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 Photon Interaction Localization in Monolithic Crystals Results

● FWHM and median 2D euclidean distance of 0.32 mm and 0.35 mm for x and y positions 
estimation, respectively.

● 1.8 mm for the spatial resolution in the case of the DOI estimation.

Analytical method

MAE eucliden
distance

FWHM

2D - 0.27 0.22
3D 0.21 0.44 0.62

FOMs (mm)
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 Background Reduction for Proton Range Verification Simulations

MACACO III simulation in Gate v8.2 RW3 phantom90 MeV proton beam

PGs
(among others)
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 Background Reduction for Proton Range Verification Simulations

MACACO III simulation in Gate v8.2 RW3 phantom90 MeV proton beam

PGs
(among others)
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Data Type
Signal true 0
background 1
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 Background Reduction for Proton Range Verification Simulations

MACACO III simulation in Gate v8.2 RW3 phantom90 MeV proton beam
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 Background Reduction for Proton Range Verification NNs trainning   

NN
Layers
(# of neurons)

1-1-1
(80-40-1)

Optimizer Adam
Learning rate 0.005
Activation ReLU

sigmoid
Batch size 500
Epoch 50

Deposited energy in the first plane 
vs

Deposited energy in the second plane 
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 Background Reduction for Proton Range Verification Experimental setup   

● CCB in Krakow

RW3 phantom90 MeV proton beam

PGs
(among others)

● 90 MeV protons impinging on RW3 phantom
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 Background Reduction for Proton Range Verification Experimental setup   

● CCB in Krakow

RW3 phantom90 MeV proton beam

PGs
(among others)

● 2 mm displacements changing proton energy to 88.38 and 91.62 MeV

● 90 MeV protons impinging on RW3 phantom

88.38 MeV
90 MeV
91.62 MeV

2 mm 2 mm
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 Background Reduction for Proton Range Verification Results

NN selected data

90 MeV 90 MeVDeposited energy in 
the first plane 

vs
Deposited energy in 
the second plane 
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 Background Reduction for Proton Range Verification Results

88.38 MeV 90 MeV 91.62 MeV

NN selected data

90 MeV 90 MeVDeposited energy in 
the first plane 

vs
Deposited energy in 
the second plane 
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 Background Reduction for Proton Range Verification Results

Javier Pérez Curbelo                                                                    MODE                              20

Profiles of the images with true 
signal data classified by the NN 

model.
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 Background Reduction for Proton Range Verification Results

Profiles of the images with all 
experimental events applying 

energy cuts prior to 
reconstruction.
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Ongoing work

Profiles of the images with true 
signal data classified by the NN 

model.
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 Conclusions 
● We have successfully applied neural networks to enhance the 

performance of Compton cameras in various imaging tasks.

● Neural networks were used in three distinct scenarios: event selection, 
photon interaction localization, and background reduction, 
demonstrating positive results in each case.

● The results showed promising improvements, indicating that neural 
networks have the potential to significantly enhance the detector 
performance.

● As newcomers to the field of neural networks, we recognize that there 
is still room for improvement and further refinement of our models.

Javier Pérez Curbelo                                                                    MODE                                                             Sept  25th, 2024



 

YIWS 2022 59Multi-gamma imaging with MACACO III Compton camera

 Acknowledgments
● This work has received funding from the Spanish Ministerio de Ciencia e 

Innovación (PID2019-110657RB-I00, PID2022-143246OB-I00).

● Group members are supported by GVA Excellence programmes, UVEG 
Atracció de Talent, SEJIGENT and GVA Grisolía.

http://ific.uv.es/iris
Javier Pérez Curbelo                                                                    MODE                                                             Sept  25th, 2024



 

YIWS 2022 60Multi-gamma imaging with MACACO III Compton camera

 

Javier Pérez Curbelo                                                                    MODE                                                             Sept  25th, 2024



 YIWS 2022Wednesday, September 25, 2024

Enhancing Compton Camera Imaging Enhancing Compton Camera Imaging 
with Neural Networkswith Neural Networks

J. Pérez-Curbelo, J. Roser, L. Barrientos, R. Viegas, M. Borja-Lloret,
J. V. Casaña, F. Hueso-González, A. Ros, K. Brzezinski, V. Sanz and G. Llosá

 Instituto de Física Corpuscular IFIC (CSIC-UV)
http://ific.uv.es/iris

Image Reconstruction, Instrumentation and Simulations in medical 
applications

Javier Pérez Curbelo                                                                    MODE                                                             Sept  25th, 2024

http://ific.uv.es/iris


 

YIWS 2022 62Multi-gamma imaging with MACACO III Compton camera

 

Javier Pérez Curbelo                                                                    MODE                                                             Sept  25th, 2024

 Backup slides Thresholds study

J. Pérez-Curbelo et al., Rad. Phys. and Chem (2024), 
https://doi.org/10.1016/j.radphyschem.2024.112166.
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 Backup slides Background reduction on 
simulated data

Muñoz, E., et al., Sci Rep 11, 9325 (2021). https://doi.org/10.1038/s41598-021-88812-5
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