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Introduzione

• Influenza della densità atmosferica sulle grandezze che descrivono le meteore;

• Studio del modello dell’atmosfera in diverse condizioni:
1. fissando i parametri temporali;
2. fissando i parametri spaziali;

• Studio della densità atmosferica giornaliera;

• Studio della densità atmosferica annuale;

• Studio della densità atmosferica giornaliera in tutta l’Italia.

Obiettivi della tesi di Stage
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PRISMA (2017)

• Prima Rete Italiana di Sorveglianza delle Meteore 
e dell’Atmosfera;

• Lo studio delle meteore è utile per conoscere la 
composizione degli asteroidi;

• Attraverso tecniche astrometriche e 
fotometriche si risale alla traiettoria dei bolidi;

• Determinata la traiettoria si passa allo studio del 
volo buio e all’eventuale ricerca di frammenti 
della meteora.

Proceedings of the IMC, Pezinok-Modra, 2018 83

Since 2017 we are deploying a network of all-sky cameras in Italy to monitor fireballs and bolides.
Currently more than 40 cameras are operational or in installation phase.The PRISMA (Prima Rete
Italiana per la Sorveglianza sistematica di Meteore e Atmosfera) network is connected to the french
project FRIPON. We present the status of the network and the most recent developments made on
data analysis as well as in the field of outreach and educational activities.

1 Introduction

PRISMA is the first attempt to establish a national
fireball network in Italy. Scientific motivations and de-
scription of the project are described in Gardiol et al.
(2016). In this paper we provide an update of the status
of the project.

2 The Network

PRISMA and FRIPON

Since the very beginning the PRISMA project has been
closely linked with the twin FRIPON network (Colas
et al., 2015). The reason is twofold: on one hand we
had no funding enabling us to perform research and
development on hardware and software solutions. On
the other hand the lack of funds suggested us to start
with a small step, i.e. the extension of an existing
neighboring network. Being the proposing institution
(INAF – Osservatorio Astrofisico di Torino) located in
North-Western Italy, it was a natural choice to go for
the FRIPON solution. Since then PRISMA has spread
further over Italy, becoming a real national network,
but it is still connected to FRIPON for the purpose of
management of the nodes and collection of data, that
are then transferred on the INAF IA2 archive facility
located in Trieste to be processed.

Figure 1 – Map of the PRISMA network. Red: opera-

tional cameras; orange and yellow: in installation phase.

Blu: FRIPON

Network structure

PRISMA is a collaboration among professional and am-
ateur astronomers, university researchers, school teach-

Figure 2 – Mono- and bi-dimensional histograms for az-

imuth and zenith distance residuals between catalogue and

computed sources positions, for January 2017 calibration

data of Pino Torinese station.

ers, people working in museums and planetaria. The
collaboration counts currently nearly sixty institutions,
both public and private, and more than one hundred
people involved at di↵erent levels. There is one Na-
tional Coordinator and a Project O�ce managing the
network and several Working Group dealing with the
various aspects of the project. A geographical distribu-
tion of the PRISMA stations is shown in Figure 1.

3 Data processing and analysis

Astrometry

One fundamental step for the characterization of an all-
sky camera is the determination of the astrometric so-
lution in order to be able to convert the observed coor-
dinates (x,y) on the detector frame into horizontal ce-
lestial coordinates (Azimuth and Zenith distance). For
PRISMA we implemented the parametric approach de-
scribed in Ceplecha (1987) and Borovicka et al. (1995);
Borovicka (1992) with some modifications. The two
main e↵ects that are taken into account are 1) the radial
distortion and 2) the mismatch between the optical axis
and the zenith direction, for a total of 8 parameters to
be estimated for each camera. Our implementation is
fully described in Barghini et al. (2018). The results so
far show (see Figure 2) a dispersion of the residuals be-
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Traiettoria del bolide e volo buio

• Modello dinamico della meteora:
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Fig. 7 Fireball velocity versus time as a result of the triangulation from Rovigo, Contigliano and Casteggio.
The speed is computed using Rovigo’s temporal data only. The initial dispersion of the points is due to the fact
that the fireball was very far from the station and the displacement was low. In this condition, the sky position
uncertainty is the dominant factor in the computed velocity. Gray dots = observed values; dotted black line
= model with starting guess values; black line = best fit model

and cannot be determined separately. This choice weakly affects the subsequent dark flight
phase because what matters is the Γ /D∞ ratio (see Table 2).

As a starting value for the pre-atmospheric velocity, we have fitted the fireball observed
velocity v versus the height h with the following exponential model from Ceplecha [11]:

v = v∞ + cve(−bh) (5)

In this equation, cv and b are constants to be determined together with v∞. In general,
these phenomenological models tend to be less accurate than the multi-parametric fit, but
we only needed an estimate of the initial pre-atmospheric velocity [17]. Instead, as a starting
value for D∞, we have taken Eq. (2) computed with the estimated quantity in the terminal
point of the luminous path:

D∞ ≈
(

−Γρav
2

dv/dt

)

fin
exp

(
−σ

6

(
v∞2 − vfin

2)
)

(6)

In Eq. (6), the guess values of the fireball final velocity and the final acceleration are also
estimated from the Ceplecha kinematic model [Eq. (5)]. We also have put σ ≈ 0.006 s2/km2,
the mean of the typical intrinsic ablation coefficient [14] and Γfin = 0.58 [12]. This last value
for drag coefficient is equal to the starting value because we fixed Γ . In Sect. 6, we will see
the effect of Γ variation on the dark flight phase.

In addition to the parameters that characterize the meteoroid, the solution of the differential
equations of motion also depends by the starting height, speed and air density. Height and
density values are well determined by observations and atmospheric model, respectively. The
initial speed value Vstart is more uncertain, see Fig. 7. As initial guess value of the meteoroid

123
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Traiettoria del bolide e volo buio

• Modello dinamico della meteora:
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Modello dell’atmosfera NRLMSIS 2.0

• Modello empirico che descrive le caratteristiche 
dell’atmosfera attraverso una formulazione 
parametrica analitica;

• Equazione che descrive il profilo atmosferico:

𝜌 ℎ = 𝜌!𝑒
" ##!

• Utilizza come input longitudine, latitudine, giorno 
dell’anno e gli indici dell’attività geomagnetica e 
del flusso solare;

• Il fit del modello ritorna i valori di 𝝆𝟎, h0 e 𝝆
fissando le condizioni al contorno.
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Indice Kp

• Attività geomagnetica: variazione naturale 
nell’intensità del campo magnetico terrestre;

• Indice Kp: indice dell’attività geomagnetica, basato su 
misurazioni di 3 ore a magnetometri terresti dislocati 
in vari punti del globo terrestre, varia da 0 a 9;

• spaceweather.gfz-potsdam.de
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Indice F10.7

• Flusso solare: fotoni gamma generati da una 
reazione a fusione nucleare all’interno Sole;

• Indice F10.7: misura dell’emissione totale delle 
sorgenti presenti sul disco solare alla
𝜆 = 10.7 𝑐𝑚;

• celestrak.com/SpaceData/
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Studio “temporale“ del profilo atmosferico 
• Giornaliero: studio alla latitudine di 45º N e longitudine di 7.5º E (Torino)

𝝆0

h0

𝝆0

h0
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• Annuale: studio della densità e dell’altezza per l’anno 2020 alla latitudine di 45º N e 
longitudine di 7.5º E (Torino)

Studio “temporale“ del profilo atmosferico 



7 Aprile 2022 Martina Chiarella 11

• Ciclo solare: studio del profilo atmosferico per il giorno 01/01 nell’anno del minimo 
solare e del massimo solare alla latitudine di 45º N e longitudine di 7.5º E (Torino)

Studio “temporale“ del profilo atmosferico 
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• Densità atmosferica e altezza per il giorno 01/01/2020:

Studio “spaziale“ del profilo atmosferico 
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Conclusione

Conseguenze dello studio di profili atmosferici sui parametri che descrivono le meteore:

• Variazione giornaliera di densità e altezza non significativa;

• Variazione spaziale di densità e altezza non significativa;

• Variazione di densità e altezza dovuta al ciclo solare non significativa;

• Variazione annuale di altezza e densità significativa.
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