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• Phase I: on-ship inspection

• Indoor flying drone (DIFI)

• Outdoor flying drone & terrestrial robots (DIFI & equipped area in Genova port)

• Final test in a realistic environment (moored ship in Genova/other port)
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On field tests

• Phase II: unloaded container (external)

• Indoor terrestrial robots (IIT Lab)

• Outdoor terrestrial robot (equipped area in
Genova Port)

• Phase III: unloaded container (internal)

• Indoor terrestrial robot (IIT Lab)

• Outdoor terrestrial robot (equipped area in
Genova Port)



Proto-0 – Detector desing
• 1x1x1 cm3 of BGO (or CsI) crystal
• 6x6 mm 75 μm SiPM (hamamatsu 13360-6075CS)

• 50% QE (450 nm)
• Acquisition electronic derived from CLEAMDEM detector 

• Modified Raspberry for data managment
• Ad hoc boards to manage acquisition and SiPM

• Low weight ∼ 200𝑔
• Limited spectroscopic power. No neutron detect

capability
• Ad-hoc support to fix it on the drone

Enough to test the 
integration with 

the drone support  

DJI Mavic 2 Enterprise Dual

Autonomy [min] 25 (15 with load)

Weight [kg] 0,899

Maximum load [kg] 0,2

Horizontal speed [m/s] 20
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Cs137 3 MBq
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• Using both grid measures and height measures, a rates 3D 
map is created 

• Also verified the 1/r^2 behavior

Cs
3 MBq
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• Scintillating CsI(Tl) crystal
 5𝑥5𝑥10 𝑐𝑚3 CsI(Tl) crystal

located inside a plastic scintillator
veto box

• Readout
 Independent paddle readout via SiPMs
 6x6 mm2 8x s13360-6075PE Hamamatsu 

SiPM matrix for crystal readout
 10 channels, 250 MHz digitaizer

DJI Matrice 350 RTK

Autonomy [min] 55

Weight [kg] 6,47

Maximum load [kg] 3,5

Horizontal speed [m/s] 23

• Scintillating plastic veto
 Paddle sizes: 

15𝑥7.5𝑥0.8 𝑐𝑚3

6.8𝑥6.8𝑥0.8 𝑐𝑚3

7.5𝑥7.5𝑥0.67 𝑐𝑚3

 Front layers interleved with 500um-
thick Gd spattered on Mylar sheets to 
enhance neutron sensitivity

 Total weight: 1.6 Kg
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Proto-1 – Detector desing



Cs 3 MBq
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Spectrum subtracted background for distance:
• 1m distance
• 2.5m distance
• 4.5m distance

Cs
3 MBq
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Cs 3 MBq
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Other test
Casaccia

Gamma spectrum identify fo Pu and U
New test in near future to
optimize neutron detection
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Terrestrial Robot

Robot inspect a small van that simulate a 
Container. Inspection around the vehicle permit
to estimate the position of radioactive source  



• Observed data from the simulation of each particle have been stored in a 
suitable format to be treated by a Neural Network

• An event is represented as a 9d vector with the deposited energy in each
detector

• A first distinction can be made between neutron (both from sources and 
background) and the other particle types (𝛾 and 𝜇) simply counting the 
number of detectors hits + the energy deposited in the crystal

• Develop two different models: One to distinguish between 𝛾 and 𝜇
background and another to distinguish between n sources, and n
background:

ROSSINI project 

 Binary classifier Deep neural network
 Boosted decision tree

Particles discrimination through AI models

Prototype scheme

9



V
e

rt
ic

al
 P

o
si

ti
o

n
 (

m
)

Horizontal Position (m)

What we expected on a ship:

• The data collected in the test with 
the prototype are used to create a 
script to simulate the radiation 
field generated by a radioactive 
source of fixed activity. 

• This source is placed in a 3D grid 
that mimics the container 
disposition on a ship. 

• The rate of events is evaluated at 
different positions to check the 
expected sensitivity of the 
prototype respect to the 
background

10



Na 110 kBq

1M     5M     
NextGenerationEU

Conclusion

• Prototypes are assembled and tested for the first time on drone/ground. Final detector in assemble

• Prototypes show a good rate/spectral capability to detect different radioactive gamma source

• A simulation framework is built to extrapolate the performance of the prototype on the ship and train the AI 
capability to recognize particles

• Coming new test with container and neutron source

• Improvement of drone fly guide in discussion
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