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The PRISMA station
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NUCSwitch

All-sky camera:
[Basler acA1300-30gm]
▪ CCD Sony ICX445ALA

1.2 Mp (1296x966 pix)
▪ 30 fps – 1/30 s exp. time

▪ All-sky camera operated at 30 Hz to capture

meteors with a suitable sampling rate

▪ Meteor acquisition triggered by a dedicated

software named FreeTure

(https://github.com/cmarmo/freeture)

▪ A central server combine detections of the 

same meteor in events

▪ Every 10 minute the camera performs a 5 s 

exposure (capture) for calibration purposes

PRISMA dataset:

▪ Captures: ~140 / day (x 60 cameras, x 5 years)

▪ Events: ~2000 since 2016 (multiple events 

from ≥ 2 cameras)

https://github.com/cmarmo/freeture


The PRISMA dataflow
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…

…

FRIPON server
(LAM/OSU 
Pythéas)

Long-term data storage at INAF-IA2 (Italian Center for 
Astronomical Archives, OA Trieste)

Data processing pipeline
(INAF – OA Torino)

Calibration:
▪ Astrometry
▪ Photometry

Events analysis:
▪ Video analysis (astrometry and photometry)
▪ Triangulation
▪ Dynamic model
▪ Orbit Processed data

Processed data

Next talks will address
the work towards a fully
Italian PRISMA network



Astrometry and photometry
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▪ The data-set of captures are used for the astrometric and photometric calibration

▪ On each capture, 100 – 300 stars can be identified

▪ Automatic procedure scans for positive sources on each image and correlates
them with catalogue sources through a simplified projection

▪ Complete astrometric solution is computed on a daily and monthly basis:

• High radial distortion

• Optical axis ≠ zenith direction

• Elliptic projection

𝒙, 𝒚 → 𝒃, 𝒖 → 𝒂, 𝒛 → (𝜶, 𝜹)
as a function of time for the meteor observation

For more details about the astrometric calibration of PRISMA cameras:

Barghini D. et al., “Astrometric calibration for all-sky cameras revisited”, Astron. Astrophys., 2019, 626, A105



Astrometry results (1)
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Example:
ITPI01 – Pino Torinese
02/12/2018
~8k stars identified



Astrometry results (2)
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Example:
ITVA01 – Lignan
2017 – 2021 data

Trend + 
seasonal variation



Photometry results (1)
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Example:
ITPI01 – Pino Torinese
02/12/2018
~8k stars identified

Not a photometric
night!



Photometry results (2)
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Example:
ITVA01 – Lignan
2017 – 2021 data

+ sub-pixel effects…

Degradation of the performance
(most probably related to 
dome transparency)



Output data from calibration pipeline
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▪ All results from the pipeline are usually

output to ASCII files (TXT) and PDF

reports (printable format)

▪ In the database, they will be organized in 

daily and monthly tar archives

Most important ones (for calibration):

▪ _assoc.txt: list of recognized stars used

for astro/photometry

▪ _astro/photo_report.pdf: summary of 

the calibration process

▪ _astro/photo_solution.txt: astrometry

and photometry solution parameters



Example of ASCII table

10ITPI01_20181202_assoc.txt



Metadata description
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▪ Important parameters (e.g., number of identified stars, latitude, longitude…) are saved as

metadata that will be imported on database

▪ They are saved as FITS header PRISMA_ITPI01_2018-12-04_calibration.fits



Detection analysis
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▪ Analysis of the video data from each station (detection) of the event

▪ Determination of position (x,y) and flux of the meteor as a function of the time through

barycentre / aperture photometry and PSF fitting

▪ Estimation of PSF saturation

(important for meteorite-droppers!)

▪ Astro/photometric solution

to get celestial coordinates and 

apparent magnitude

▪ Production of the detection

image and video



Detection results
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Example:
20220305T185552_UT
10 cameras

…



Triangulation
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Two main approach to reconstruct the 3D meteor path in the atmosphere, 
both assuming a straight-line trajectory

Plane intersection between couples of 
cameras (Ceplecha, 1987)

Minimizing distances of lines of sight
between N cameras (Borovicka, 1990)



Triangulation results
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Example:
20220305T185552_UT
10 cameras



Dynamic model
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The output from triangulation (𝒕, 𝒉, 𝒗,𝓜) is the input for the evaluation of the dynamical model

Two approachs:

▪ Analytical solution (Gritsevich, 2009 & 2011) – with some assumptions

▪ Numerical solution (Ceplecha 1987, Kalenichenko 2006)

Both are evaluated, in 4 total versions:

▪ dynamical Grit09 / Kale06

▪ photo-dynamical Grit09 / Kale06 (deceleration + intensity modelling)

The main outputs of the dynamical model evaluation are the mass, section, equivalent radius of 

the meteoroid as a function of the time. In any case, there are a lot of assumptions involved

(which are therefore reflected in a relatively high uncertainty in the estimation of these values)



Dynamic model results
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Example:
20220305T185552_UT
10 cameras

𝜸 = 𝟏𝟔. 𝟓 ± 𝟎. 𝟓 𝐝𝐞𝐠

𝒗∞ = 𝟏𝟓. 𝟓 ± 𝟎. 𝟏 𝐤𝐦/𝐬
𝑴∞ = 𝟏𝟎 − 𝟗𝟎 𝐤𝐠
𝒅∞ = 𝟏𝟓 − 𝟑𝟓 𝐜𝐦

𝒗𝒇𝒊𝒏 ∼ 𝟓 𝐤𝐦/𝐬

𝑴𝒇𝒊𝒏 = 𝟎. 𝟓 − 𝟏. 𝟓 𝐤𝐠

𝒅𝒇𝒊𝒏 = 𝟑 − 𝟗 𝐜𝐦



Orbit
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The output from triangulation and dynamical model:

𝒗∞, 𝜶, 𝜹 → (𝒗∞𝒙, 𝒗∞𝒚, 𝒗∞𝒛) = observed radiant

➢ correction for Earth’s rotation speed

➢ Correction for Earth’s gravitational attraction

→ (𝒗𝑮, 𝜶𝑮, 𝜹𝑮) = geocentric radiant

➢ Correction for Earth revolution speed 

→ (𝒗𝑯, 𝜶𝑯, 𝜹𝑯) = heliocentric radiant

➢ ORBITAL ELEMENTS
𝑣 = 𝑣𝐻𝑥, 𝑣𝐻𝑦, 𝑣𝐻𝑧

ℎ = Ԧ𝑟 × Ԧ𝑣



Orbit results
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Output data from event pipeline

20

…



Output data from event pipeline
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Output data from event pipeline
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Conclusions

23

▪ Everything is (almost) ready for a first data release

▪ We are deploying the pipeline in the servers installed at INAF – OATo

▪ Most likely, the processing of the data collected up to 2022 will take place in the next months

▪ The database, including calibrations and events/results, will be hosted at INAF - IA2 (OATS) and 

will be accessible to the collaboration through an user interface

▪ Data will be provided in tar.gz archives and will include FITS header tables with metadata that

will be searchable throught the database interface

▪ With the data release we will provide a document with a detailed description of the content

of the database

THANK YOU FOR YOUR ATTENTION!


