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Goals and constraints

Goal: 

ÅCharacterize different trigger algorithms for GRB detection.

ÅPossibly identify good algorithms for operations onboard HERMES 
s/c.

Constraints: 

ÅAlgorithm should be fast (small OBC). 

ÅAlgorithm should be simple (many s/c). 



Summary

1. Traditional approach to GRB detection.

2. Alternative approaches: FOCuS and the CUSUM framework.

3. New developments: Poisson FOCuS, background estimate through 
exponential smoothing techniques.
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How to detect a GRB

The Fermi Gamma-Ray Burst Monitor, 
Meegan et al., Apj, 2009

The Trigger Algorithm for the Burst Alert 
Telescope on Swift, Fenimore et al., AIP 
Conf. Procs, 2003

In-flight performances of the BeppoSAX Gamma-Ray Burst Monitor, Feroci et al., SPIE procs, 1997 4



The standard recipe
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1. Count events in background window.
2. Count events in foreground window.
3. Somehow compute the significance of 

the foreground count excess.

4. If it exceeds a threshold value you issue 
a trigger, else wait for next count.      



Count excess significance

The true approach to computing standard significance Ὓ:

The background counts ὄis supposed to be the true background count.

Moreover, this computation is slow or requires tabulates of incomplete gamma and 
erf functions.

Useful with simulations and checks.
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Count excess significance
Common yet flawed approach:

ÅIt only holds its ground for large ὦi.e. large windows.
Very dangerously prone to false positives otherwise.

Better approach (Li-Ma, 1983): 

The Trigger Algorithm for the Burst Alert Telescope on Swift, 
Fenimore et al., 2003

Å Good on small windows, reasonable false positive rates.

But:
Å Slow-ish (logs and sqrts).
Å Does not account for trends.from Lin-Ma, 1983

7



Different triggers for different GRBs

Problem:
GRBs are a wild bunch.

Solution:
Search foreground windows over multiple 
timeframes (and energy ranges).

άbƻ ǘǿƻ ƎŀƳƳŀ-ray bursts are the same, as can be seen from this sample of a dozen 
light curves. Some are short, some are long, some are weak, some are strong, some have 

ƳƻǊŜ ǎǇƛƪŜǎΣ ǎƻƳŜ ƘŀǾŜ ƴƻƴŜΣ ŜŀŎƘ ǳƴƭƛƪŜ ǘƘŜ ƻǘƘŜǊ ƻƴŜΦά8



All is well that end well?

Of course not.

Problems:
1. This approach is slow.

2. You end up with a lot of parameters.

Both problems are aggravated in a nanosat context (small OBC, many s/c)
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Representing trigger operations
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n1 + n2 + n3 + n4
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Where do we go from here?

Winter 2019 ςInitial discussion with Fiore and Riccardo.

Summer 2020 ςDiagonal trigger algorithms work but no idea why.

September 2020 ςContact prof. Paul Fearnhead. Meet Paul, Idris and 
Kim.

Today ςFOCuS.
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¢ƘŜ [ŀƴŎŀǎǘŜǊ ƎǊƻǳǇΩǎ Ǉƻƛƴǘ ƻŦ ǾƛŜǿ

GRB observation domain.

Different GRBs occupy different places in this 
plot.

A GRB which is detectable above a certain 
significance threshold will overlap with shaded 
region. 

The detection power of an algorithm can be 
quantified in terms of how good it coveragethe 
shaded regions.

17



Single window strategy coverage

Baseline strategy coverage of detection domain is bad.
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Traditional approach to detection

In order to achieve a better coverage one can pay computational resources in order 
to employ more foreground windows.
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Alternative strategy: CUSUM

CUSUM (Cumulative Sum Control Chart) is a standard technique for anomaly detection. Initially 
developed for automating industrial quality control, L. Page in 1954.

Recipe: at each time a new count is available:

1. Estimate background rate.

2. Compute significance over background of the most recent count, ώ.

3. Recursively compute, for some ‘:

4. If                           issue a trigger else wait for next count. 
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What does the recursion mean

This is a sequentially performed likelihood ratio (hypothesis)test. The alternative hypothesis being is there any 
anomaly beginning at some time with mean intensity ‘ȩ

You can have three states:

1. 3 π. There are no evidencefor anomaly.
2. π 3 4 . There are some evidencesfor a anomaly with intensity ‘i.e. keep on acquiring.
3. 3 4 .  There are enough evidencesfor a change with intensity ‘within Ὕsigma-significance level.

At times in which you go from 1 to 2 you have a new candidate changepoint.
At times in which you go from 2 to 3 you have a trigger.

LǘΩǎ ƭƛƪŜ ŘƛŀƎƻƴŀƭ ƳŜǘƘƻŘ ōǳǘ ǿƛǘƘ ƻƴƭȅ ƻƴŜ ŘƛŀƎƻƴŀƭ ŀǘ ǘƛƳŜΦ
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CUSUM coverage of detection domain

CUSUM strategies provide a better coverage of the observation domain
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