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Time series use cases:
1. Data Quality control on banking accounts

2. Fraud Detection
3. Anomalies in Time Series
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Summary
• Sensitivity demonstration for 

HERMES
• New method to estimate the 

background via a Neural Network
• Use Poisson-FOCuS to trigger events 

and present some results
•  Propose an automatic classification of 

the events identified
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Credit: NASA/Goddard Space Flight Center/ICRAR

GRB
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Credit: Daniel Perley http://gammaray.msfc.nasa.gov/batse/grb/catalog/ 

GRB

http://gammaray.msfc.nasa.gov/batse/grb/catalog/


Spacecraft for X/ɣ observations
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Satellites for X-Gamma ray

HERMESFermi GBM

https://www.hermes-sp.eu/ 

https://www.hermes-sp.eu/
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Spacecraft for X/ɣ observations

Charles Meegan, et al. “The fermi gamma-ray burst monitor.” The Astrophysical Journal, 702(1):791, 2009.
Elisabetta Bissaldi, et al. “Ground-based calibration and characterization of the fermi gamma-ray burst 
monitor detectors.” Experimental Astronomy, 24(1-3):47–88, 2009.

Satellites for X-Gamma ray



Background estimation
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Background estimation

Ajello, M., et al. "A decade of gamma-ray bursts observed by Fermi-LAT: the second GRB catalog." 
The Astrophysical Journal 878.1 (2019): 52.



Background estimation

Background physical model*:
• Detector Response Matrices (DRMs)
• Earth albedo
• South Atlantic Anomaly (SAA)
• point sources (e.g., the Sun)
• extended sources (e.g., cosmic gamma-ray background)
• McIlwain L-parameter (magnetic intensity)
• Other factors…

9*Bjorn Biltzinger, Felix Kunzweiler, Jochen Greiner, Kilian Toelge, and J Michael Burgess. 
  A physical background model for the fermi gamma-ray burst monitor. Astronomy & Astrophysics, 640:A8, 2020.

Background estimation



ML Background estimation

Input variables:
• Latitude satellite
• Longitude satellite
• Altitude satellite
• Detectors pointing
• Sun position
• McIlwain L-parameter
• …
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Background estimation



ML Background estimation

Input variables:
• Latitude GBM
• Longitude GBM
• Altitude GBM
• Detectors pointing
• Sun position
• McIlwain L-parameter
• …
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output variables:
• Counts det n0
• Counts det n1
• …
• Counts det n9
• Counts det na
• Counts det nb

Background estimation



ML Background estimation

Input variables:
• Latitude GBM
• Longitude GBM
• Altitude GBM
• Detectors pointing
• Sun position
• McIlwain L-parameter
• …

12

output variables:
• Counts det n0
• Counts det n1
• …
• Counts det n9
• Counts det na
• Counts det nb

Energy range (KeV): [28, 50], [50, 300], [300, 500]4 seconds bin

Background estimation
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Background estimation



Predicted vs Detected
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Background estimation



Trigger algorithm: 
Poisson-FOCuS

Trigger algorithm

● Conventional algorithms checks for counts excess over 
pre-defined timescales.

● FOCuS tests for count excess over timescales which are optimal 
and dynamically assessed.

● Faster and more accurate (less false negatives).

Conventional algorithm trace FOCuS algorithm trace 
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GRB 190320
Results
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Results
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Event 190404
Results



Attempting an automatic classification
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Data periods:
● November 2010 to 19 February 2011
● January 2014 to 28 February 2014
● March 2019 to 9 July 2019

Transient classification



Attempting an automatic classification
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GRB

SF

LP

FP

Feature extracted ~ 200: statistical, wavelet transform, catalog info.

Transient classification
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GitHub repository 
https://github.com/rcrupi/DeepGRB

Thank you, 
I hope you have been triggered

crupi.riccardo@spes.uniud.it 
riccardo.crupi@intesasanpaolo.com

https://github.com/rcrupi/DeepGRB
mailto:crupi.riccardo@spes.uniud.it
mailto:riccardo.crupi@intesasanpaolo.com
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Backup slides
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Levan, Andrew J., et al. "A new population of ultra-long duration gamma-ray bursts." The Astrophysical Journal 781.1 (2013): 13.



NN hypermarameters
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60                2048             2048             1024              36

● Optimizer: Nadam
● Batch normalization and dropout 0.02 each hidden layer
● Decay learning rate 0.01 first 4 epochs, 0.0016 up to 12 epochs and then 0.0004
● Batch size: 2000
● Max epochs: 64
● L1 loss (Mean Absolute Error)
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GCN:
https://gcn.gsfc.nasa.gov/gcn3/24049.gcn3
https://gcn.gsfc.nasa.gov/other/190404.gcn3

http://maxi.riken.jp/grbs/190404b/

The MAXI/GSC nova alert system triggered 
on a bright uncatalogued X-ray transient 
source at 13:14:08 UT on 2019 April 04.
Assuming that the source flux was constant 
over the transit,
we obtain the source position at
(R.A., Dec) = (220.987 deg, -22.632 deg) = 
(14 43 56, -22 37 55) (J2000) 
with a statistical 90% C.L. elliptical error 
region 
with long and short radii of 0.13 deg and 
0.11 deg, respectively.

Results

Swift afterglow:
https://www.swift.ac.uk/xrt_live_cat/20887

https://gcn.gsfc.nasa.gov/gcn3/24049.gcn3
https://gcn.gsfc.nasa.gov/other/190404.gcn3
http://maxi.riken.jp/grbs/190404b/
https://www.swift.ac.uk/xrt_live_cat/20887
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Event 190420
Results
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Event 190420
Results
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Background estimation



GRB 
091024

Background estimation
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Solar 
Maxima
Minima

Background estimation
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Partial input - output
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Background estimation
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Loss function Some distribution

Robitzsch, Alexander. "Lp loss functions in invariance alignment and Haberman linking with few or many groups." Stats 3.3 (2020): 246-283.

https://www.r-bloggers.com/2012/03/how-not-to-draw-a-probability-distribution/
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Satellites for X-Gamma ray
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https://fermi.gsfc.nasa.gov/ssc/data/analysis/gbm/gbm_data_tools/gdt-docs/ 

https://fermi.gsfc.nasa.gov/ssc/data/analysis/gbm/gbm_data_tools/gdt-docs/
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XAI - Anchor rule

Anchor rule on RF for SF:
(diff_sun ≤ 32.58 AND HR10 ≤ 0.27)

https://www.swpc.noaa.gov/products/goes-x-ray-flux

https://github.com/marcotcr/anchor
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