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o Theoretical studies about the properties of the coded masks

o Geometrical simulation to check the theoretical results

o Definition of proper setup and fiducial volume

o Track reconstruction by means of DBSCAN



Double measurement of the same view
and method of the harmonic mean

light 
source





warning: slope change



A possible check – the true track is reconstructed 
from the deformed tracks 
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3 dectectors can be enough



Toric features of the reconstruction



A paper in progress Other matrices have been tested

NTHT
PNP
MLS
Quasi-random series

results similar to MURA
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Setup Parameters Rango matrice 17

Rango maschera 17

Lato pixel 3.4 mm

Pitch maschera 3.15 mm

Distanza maschera-sensore (b) 20 mm

Distanza maschera-oggetto (a) 250 mm 

FOV 723 mm



MURA 17x17

enhanced (x5)

B = 2 cm
bisector as a benchmark



MURA 17x17

B = 2 cm

y-offset 0.0
bisector as a benchmark



MURA 17x17

y-offset 5 cm bisector as a benchmark



MURA 17x17

y-offset 10 cm bisector as a benchmark



MURA 17x17

y-offset 15 cm bisector as a benchmark



MURA 17x17

y-offset 20 cm bisector as a benchmark



A simple procedure to detect the signal

A simple procedure was developed in order to automatically extract the spatial 
extent of the signal from the noisy images on the detectors. 

It consists of :
• a pre-processing stage, where, taking into account the shape of the image 

histogram, a better separation between noise and signal was performed, by 
using a Gaussian low-pass filter (Czako et al., 2019);

• the search of the points belonging to the signal, by means of the Density-based 
Spatial Clustering of Applications with Noise (DBSCAN), widely used in many 
fields of research, spanning from network security, data mining, geospatial data, 
until biomedical images (Ester et al., 1996, Heris et al., 2015).



Filtered frequency domain
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Images on the detectors 



RECONSTRUCTED SIGNAL



Truth AX= -20 cm BX =20 cm
AY= -20 cm BY =20 cm
AZ= -20 cm BZ =20 cm

DIRECTLY FROM  THE ORIGINAL 
SIGNAL

AX = -14.0 BX =15.1
AY  = -12.1 BY =12.0
AZ = -14.0 BZ =17.0

FROM  DBSCAN CLUSTER 
ELEMENTS

AX= -12.0 BX = 11.3
AY= - 12.0 BY = 13.0
AZ= -11.3 BZ = 13.0

ESTIMATE  OF  THE  PIVOT COORDINATES 



~ 12 cm
25 cm

Fiducial volume for
image reconstruction

~ 25 x 25 x 25 cm3



Conclusions

oAnalytical formulas to reconstruct 
linear tracks in 3-D are available

oA setup with only 3 masks (2 parallel,
1 orthogonal) can be enough for image 
reconstruction

oDefinition of proper setup and fiducial 
volume ( ~ 25 x 25 x 25 cm3)

oTrack reconstruction by means of DBSCAN



BUFFER



Check on the distance B (SiPM – matrix) 



MURA 17x17

B = 1 cm

A = 25 cm
Dmask = 0.315 cm
DSiPM = 0.328 cm



MURA 17x17

B = 2 cm

A = 25 cm
Dmask = 0.315 cm
DSiPM = 0.340 cm



MURA 17x17

B = 3 cm

A = 25 cm
Dmask = 0.315 cm
DSiPM = 0.353 cm



MURA 17x17

B = 4 cm

A = 25 cm
Dmask = 0.315 cm
DSiPM = 0.365 cm



MURA 17x17

B = 5 cm

A = 25 cm
Dmask = 0.315 cm
DSiPM = 0.378 cm



MLS 15x17

B = 2 cm


