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Goals and constraints

Goal
ACharacterize different trigger algorithms for GRB detection.

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

Constraints
AAlgorithm should be fagsmall OBC)
AAlgorithm 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 FOCuUS, background estimate through
exponential smoothing techniques.



How to detect a GRB

4. BURST OBSERVATIONS
4.1. Triggers

A burst trigger occurs when the flight software detects an
increase in the count rates of two or more Nal detectors above an
adjustable threshold specified in units of the standard deviation
of the background rate. The background rate is an average
rate accumulated over the previous T seconds (nominally 17),
excluding the most recent 4 s. Energy ranges are confined to
combinations of the eight channels of the CTIME data. Trigger
timescales may be defined as any multiple of l6 ms up to 8.192 s.
Except for the 16 ms timescale, all triggers include two phases
offset by half of the accumulation time. A total of 120 ditferent
triggers can be specified, each with a distinct threshold.

The trigger algorithms currently implemented include four
energy ranges: the BATSE standard 50-300 keV range, 25—
50 keV to increase sensitivity for SGRs and GRBs with soft
spectra, =100 keV, and =300 keV to increase sensitivity for
hard GRBs and TGFs. Ten timescales, from 16 ms to 8.192 s in
steps of a factor 2, are implemented in the 50-300 keV range and
the 25-50 keV range. The =100 keV trigger excludes the 8.192 s
timescale, and the =300 keV trigger has only four timescales,
from 16 ms to 128 ms.

The Fermi GammRay Burst Monitor,
Meegan et al., Apj, 2009

SHORT RATE TRIGGERS

Running many short time scales through a triggering
code can require most of the CPU time. Fortunately.
the background counting rate of BAT is not expected to
change on short time scales (i.e.. less than a few sec-
onds). Thus, for the short time scales we will use simple
traditional triggers where there is a single background
period of fixed duration before the foreground period.
This is the type of trigger that was used on all GRB ex-
periments from Vela to BATSE.

The short trigger looks for statistically significant in-
creases in the count rate on five time scales: 4. 8. 16, 32,
and 64 msec. This is done for nine different regions of
the focal plane (four quadrants, the left half, right half.
top half, bottom half. and the full focal plane) and for
four energy ranges. Thus, there are 36 combinations of

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

Due to the nature of GRBs an onboard specific trigger criterion is needed. The GRBM trigger operates on the signals
detected between the LLT and ULT. With a time resolution on 7.8125 ms a moving average is continuously computed on a
Long Integration Time (LIT) that is adjustable between 8 and 128 s. The counts in a Short Integration Time (SIT,
adjustable between 7.8125 ms and 4 s) are compared to the moving average, and if they exceed a nG level (where G is the
Poissonian standard deviation and » can be 4, 8 or 16) then the trigger condition is satistied for that shield. If the same
condition is simultaneously active for at least two shields, then the GRBM trigger condition is satistied and the following
time profiles (High Resolution Time Profiles) are stored, separately for each of the four shields:

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



The standard recipe
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GRB170817529. t90: 2.05

Count events in background window. ...
Count events in foreground window.
Somehow compute the significance of
the foreground count excess.
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=50

T
10




Count excess significance

Thetrue approach to computing standard significande
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The background counts is supposed to be th&ue background count.

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

Useful with simulations and checks.



Count excess significance
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Com mon yet ﬂawed approaCh ) S — Here, 62, is a commandable control variable to ensure
A/ bi that there is a minimum variance when the counts are
small. A trigger is declared if S is greater than a thresh-
old, 63,...1q- Each of the triggers for the 180 combina-
. 5 . . tions m_‘e_coutrolled by three c0}1n11311datlle variables: an

A 1t only holds its ground for large i.e. large windows. enable/disable. O3, - and O,

it 1 The Trigger Algorithm for the Burst Alert Telescope on Swift,
Very dangerously prone to false positivesherwise. o Bt e

Better approachl(rMa, 1983:
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A Good on small windows, reasonable false positive rates.
// / Ez"“ ‘
But:

t
4y Pf«:‘ A Slowish (logs and sqrts).

from LinMa, 1983 A Does not account for trends.

Counting Rale




Different triggers for different GRBS
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timescales may be defined as any multiple of [6 ms up to 8.192s.
Except for the 16 ms timescale, all triggers include two phases
offset by half of the accumulation time. A total of 120 different
triggers can be specified, each with a distinct threshold.

The trigger algorithms currently implemented include four
energy ranges: the BATSE standard 50-300 keV range, 25—

trig #7475

creases in the count rate on five time scales: 4, 8, 16, 32, trig #7308

and 64 msec. This is done for nine different regions of
the focal plane (four quadrants, the left half, right half,
top half, bottom half, and the full focal plane) and for
four energy ranges. Thus, there are 36 combinations of
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All I1s well that end well?

Of course not.

SHORT RATE TRIGGERS

Running many short time scales through a ftriggering

P rO b | e I I I S code can I‘equjl‘e most of the CPU time. Abstract. The High Energy Transient Explorer uses a triggering algorithm for gamma-

ray bursts that can achieve near the statistical limit by fitting to several background
regions to remove trends. Dozens of trigger criteria run simultaneously covering time
scales from 80 msec to 10.5 sec or longer. Each criteria is controlled by about 25 con-

1. This approach islow.

BAT uses about 800 different criteria to detect GRBs, each defined by a large number

2 YO u e n d u p With mt Of p ar am ete rS of commandable parameters. Usually the critical parameter is the time scale of the

sample being analyzed for a statistically significant increase. There are three triggering

offset by half of the accumulation time. A total of 120 different
triggers can be specified, each with a distinct threshold.

Both problems are aggravated in a nanosat confextall OBC, many s/c)



Representing trigger operations
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SQUARE IS USED To IDENTIFY
WINDOWS WHERE S>5 N TRIGER !
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Where do we go from here?

Winter 2019¢ Initial discussion with Fiore and Riccardo.

Summer 202@ Diagonal trigger algorithms work but no idea why.

September 202@ Contact prof. Paul Fearnhead. Meet Paul, Idris and
Kim.

Todayc FOCuS.



The Two Dimensions of Anomalies

Sity 4
PN\ \ , VN 4 /“ Duration h
‘T‘v vn'fN

1y \ﬁ/wﬂ\ﬂ%v

Signal X:

|
N o
—
=
—_—
—
-

PN 4

T T T T T T
0 20 40 60 80 100

Ideal Detectability Threshold

100 —— 30 event
GRB observation domain. e
Different GRBs occupy different places in this %7
plot.
. 60
A GRB which is detectable above a certain £
significance threshold will overlap with shaded <
region. 7
The detection power of an algorithm can be 20-
quantified in terms of how good doveragethe
shaded regions
%.00 0.I25 0.150 0.I75 l.IOO 1.I25 1.150 l.l75 2.60
u [fluence]

17



Single window strategy coverage

Gamma Ray Bursts picked up by window
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Traditional approach to detection

Gamma Ray Bursts picked up by multiple window
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In order to achieve a better coverage one can pay computational resources in order
to employ more foreground windows.



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.
Compute significance over background of the most recent cabint,
3. Recursively compute, for some

S} = max{0,S;_1 + 2py; — #2}

4. |If Sf > T2 ISsue a trigger else wait for next count.



What does the recursion mean

St = max{0, S;—1 + 2uy; — p°}

This is a sequentially performed likelihood rathypothesis)est. The alternative hypothesis beirgthere any
anomaly beginning at some time with mean intensigy

You can have three states:

1. 3 1 There areno evidenceor anomaly.

2. m 3 4 .There arssome evidencefor a anomaly with intensity i.e. keep on acquiring.
3 3

4 . There arenough evidencefor a change with intensity within “Ysigmasignificance level.

At times in which you go from 1 to 2 you have a new candidagepoint
At times in which you go from 2 to 3 you havgigger.

LiQa fA1S RAFI2y+HE YSGK2R odzi sAGK 2yfe 2yS RAI 32y



CUSUM coverage of detection domain
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CUSUM strategies provide a better coverage of the observation domain
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