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Two principal performance measures of the International Monitoring System (IMS)
stations detection capability are the rate of automatic detections associated with
events in the Reviewed Event Bulletin (REB) or precision of the REB and the rate of
detections manually added to the REB or miss rate of the REB.

These two metrics are significantly influenced by prespecified slowness-, frequency-
and azimuth- dependent detection thresholds used in the short-term average over
long-term average ratio detection scheme of the IMS stations.

The thresholds should be set at optimal values that a) the miss rate is as low as
possible since no nuclear explosion should go unnoticed by the IMS and b) the
precision is as high as possible as low precision compromises the quality of the
automatically generated event lists and adds heavy and unnecessary workload to
the seismic analysts during the interactive processing stage.

In this abstract we present two procedures followed for optimizing the STA/LTA

detection thresholds:

e The method described in the SHI processing manual and

*  Ahybrid grid/genetic algorithm search that produces near optimal beam
thresholds.

Disclaimer: The views expressed on this poster are those of the author and do not necessarily reflect the view of the CTBTO
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Two principal performance measures of the International Monitoring System (IMS)
stations detection capability are the rate of automatic detections associated with
events in the Reviewed Event Bulletin (REB) or precision of the REB and the rate of
detections manually added to the REB or miss rate of the REB.

The IMS primary seismic network is a sparse global seismological network that
These two metrics are significantly influenced by prespecified slowness-, frequency- currently consists of 44 seismic stations (27 arrays, 17 3-C single stations).
and azimuth- dependent detection thresholds used in the short-term average over
long-term average ratio detection scheme of the IMS stations.
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Signal detection is performed on beams formed using the array components, specific processing
parameters and assuming a signal with specific frequency content, slowness and direction of arrival
(azimuth). Any combination of such parameters is called a detection beam recipe.

The signal detection algorithm is then applied to every beam and a detection is #1BeqinTable t :

. . . . . . eginlable beam-recipe
declared for the b§§m with the highest STA/LTA ratio, provided that this ratio — [type|rot |s td| N ;low |phase | ﬂ 0 [fhi | ford| zp| ftvpel group
exceeds a prespecified threshold (beam SNR or beam threshold). 51 coh no ) i 5 2 8 al-c

coh no al-c
coh no al-c
coh no al-c
coh no al-c
coh no al-c
coh no al-c
coh no al-c
coh no al-c
coh no al-c
coh no alc
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Signal detection is performed on beams formed using the array components, specific processing

parameters and assuming a signal with specific frequency content, slowness and direction of arrival S
(azimuth). Any combination of such parameters is called a detection beam recipe. N (j\\b
&
The signal detection algorithm is then applied to every beam and a detection is . ‘ OQ\(\
declared for the beam with the highest STA/LTA ratio, provided that this ratio 0.2 o
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Signal detection is performed on beams formed using the array components, specific processing
CMAR heim rmp:s

parameters and assuming a signal with specific frequency content, slowness and direction of arrival z02 e
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Beam

Beam group: a set of beams that differ only at the assumed azimuth of arrival. Beams within the
same group have the same beam thresholds.
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Signal detection is performed on beams formed using the array components, specific processing

parameters and assuming a signal with specific frequency content, slowness and direction of arrival YKA beam recipes
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Beam

Beam group: a set of beams that differ only at the assumed azimuth of arrival. Beams within the
same group have the same beam thresholds.
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Signal detection is performed on beams formed using the array components, specific processing MKAR
parameters and assuming a signal with specific frequency content, slowness and direction of arrival —
(azimuth). Any combination of such parameters is called a detection beam recipe. 410.55
The signal detection algorithm is then applied to every beam and a detection is 105
declared for the beam with the highest STA/LTA ratio, provided that this ratio 0.45
exceeds a prespecified threshold (beam SNR or beam threshold). ks
v 10.4
Two metrics used to quantify the quality of the automatic bulletins are =
- The association rate: ratio of automatically picked arrivals that after analysts’ né 40.35
review are associated to an event over all the automatically detected arrivals =
- The miss rate (or added phases rate): the number of arrivals that were missed by E 0.3
the automatic system (and manually added, i.e., added by the analysts, to the REB g
over the total number of arrivals in the REB. A 0.25
Evidently, the association rate must be as high as possible and the miss rate must be as < 0.2
low as possible. ’
0.15
0.1
0.05

Group ID 0 -1.5 § from SNR

Beam group: a set of beams that differ only at the assumed azimuth of arrival. Beams within the
same group have the same beam thresholds.
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Signal detection is performed on beams formed using the array components, specific processing MKAR <105
parameters and assuming a signal with specific frequency content, slowness and direction of arrival — 12
(azimuth). Any combination of such parameters is called a detection beam recipe.
% 10°

The signal detection algorithm is then applied to every beam and a detection is
declared for the beam with the highest STA/LTA ratio, provided that this ratio 15 110
exceeds a prespecified threshold (beam SNR or beam threshold).
Two metrics used to quantify the quality of the automatic bulletins are " 10 18
- The association rate: ratio of automatically picked arrivals that after analysts’ c

review are associated to an event over all the automatically detected arrivals -2
- The miss rate (or added phases rate): the number of arrivals that were missed by o 6

the automatic system (and manually added, i.e., added by the analysts, to the REB o

over the total number of arrivals in the REB. =
Evidently, the association rate must be as high as possible and the miss rate must be as
low as possible. 4

2

Group ID 0 -1.5 § from SNR

Beam group: a set of beams that differ only at the assumed azimuth of arrival. Beams within the
same group have the same beam thresholds.

Disclaimer: The views expressed on this poster are those of the author and do not necessarily reflect the view of the CTBTO

PUTTING AN END TO NUCLEAR EXPLOSIONS e CTBTO.ORG



PREPARATORY COMMISSION

S nT Tuning the IMS seismic stations ’\ CTBTO
by optimization of their detection thresholds V

Poster No.: Christos Saragiotis and Ivan Kitov, CTBTO, IDC/SA/SM

Signal detection is performed on beams formed using the array components, specific processing

parameters and assuming a signal with specific frequency content, slowness and direction of arrival 0.5 . GERES.’ miss and gssoclatlonl rates

(azimuth). Any combination of such parameters is called a detection beam recipe. -
< Miss rate
0.45 = AssOC rate
The signal detection algorithm is then applied to every beam and a detection is
declared for the beam with the highest STA/LTA ratio, provided that this ratio 0.4
exceeds a prespecified threshold (beam SNR or beam threshold). o
0.35 ¢ =

Two metrics used to quantify the quality of the automatic bulletins are o
- Theassociation rate: ratio of automatically picked arrivals that after analysts’ 0.3 fg

review are associated to an event over all the automatically detected arrivals = o
- The miss rate (or added phases rate): the number of arrivals that were missed by % 0.25 _; o ©

the automatic system (and manually added, i.e., added by the analysts, to the REB o E o

over the total number of arrivals in the REB. 0.2 k=
Evidently, the association rate must be as high as possible and the miss rate must be as -S o §
low as possible. 0.15 —'§ o - Target area 5

v O x —_

These two metrics largely depend on the beam thresholds and this dependence 0.1 o - b - ;
creates a conflict x =
- High detection beam thresholds result in few detections and hence a) high 0.05 - » % o

association rate (very few false detections) and also b) high miss rate (many %

phases go undetected) 0 L X X >,( ) ) )
- Low detection beam thresholds result in many detections and hence a) in low -1.5 -1 -0.5 0 0.5

miss rate but also b) low association rate (many false detections) § from SNR

Beam group: a set of beams that differ only at the assumed azimuth of arrival. Beams within the
same group have the same beam thresholds.

Disclaimer: The views expressed on this poster are those of the author and do not necessarily reflect the view of the CTBTO

PUTTING AN END TO NUCLEAR EXPLOSIONS g e - e CTBTO.ORG



PREPARATORY COMMISSION

S nT Tuning the IMS seismic stations ’\ CTBTO
by optimization of their detection thresholds V

Poster No.: Christos Saragiotis and lvan Kitov, CTBTO, IDC/SA/SM

Signal detection is performed on beams formed using the array components, specific processing
parameters and assuming a signal with specific frequency content, slowness and direction of arrival 0.3
(azimuth). Any combination of such parameters is called a detection beam recipe.

ASAR miss and association rates

< Miss rate
= AssOC rate
0.25 O 2
5

The signal detection algorithm is then applied to every beam and a detection is
declared for the beam with the highest STA/LTA ratio, provided that this ratio
exceeds a prespecified threshold (beam SNR or beam threshold).

Two metrics used to quantify the quality of the automatic bulletins are 0.2

- The association rate: ratio of automatically picked arrivals that after analysts’
review are associated to an event over all the automatically detected arrivals

- The miss rate (or added phases rate): the number of arrivals that were missed by
the automatic system (and manually added, i.e., added by the analysts, to the REB
over the total number of arrivals in the REB.

Evidently, the association rate must be as high as possible and the miss rate must be as

low as possible. 0.1

O
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These two metrics largely depend on the beam thresholds and this dependence < *
creates a conflict 005 © ©
- High detection beam thresholds result in few detections and hence a) high 2
association rate (very few false detections) and also b) high miss rate (many &3
phases go undetected) 0 ) ) ) ) )
- Low detection beam thresholds result in many detections and hence a) in low -1.5 -1 -0.5 0 0.5
miss rate but also b) low association rate (many false detections) § from SNR

Beam group: a set of beams that differ only at the assumed azimuth of arrival. Beams within the
same group have the same beam thresholds.
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Considerations

= The beam thresholds of some stations have been tuned in the past.
= Beams within a beam group should have the same threshold (azimuthal dependence is only

GERES beam recipes
‘g T T T T
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considered for event location). gozr
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Considerations
= The beam thresholds of some stations have been tuned in the past. oz, L _ ASARbeamrecipes . .
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= Beams within a beam group should have the same threshold (azimuthal dependence is only <
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Considerations
Detections' seasonal variation

= The beam thresholds of some stations have been tuned in the past. 16 -
= Beams within a beam group should have the same threshold (azimuthal dependence is only
considered for event location).
= The determination of optimal beam thresholds can only be done empirically. 14 L
= Atleast one year of data should be used in the optimization procedure to ensure seasonal
variations independence and sufficiently large statistical samples.
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Considerations
Detections' seasonal variation

= The beam thresholds of some stations have been tuned in the past. 16 -
= Beams within a beam group should have the same threshold (azimuthal dependence is only
considered for event location).
= The determination of optimal beam thresholds can only be done empirically. 14 L
= Atleast one year of data should be used in the optimization procedure to ensure seasonal
variations independence and sufficiently large statistical samples.
w121
=
Practical limitations 2
W
= |tis impossible to test all combinations of many different *;-'UJ 10 ¢ .\ X / —=— AKASG
beam thresholds; assuming even only 10 beam groups and 10 o \ [ ] \/ +EAEI(RAEI§
different threshold levels gives 10%° possible combinations I gl / _m TORD
= QOptimizing one beam group threshold affects the value of the ]
other beam groups (channel jumping) S
= Only the automatic system can be checked (analyst ® 6L
involvement is resource-intensive beyond capacity)
=  The current thresholds (starting point) of most stations do not
yield rates close to the target rates. 4t
RN
222252280248
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Considerations
Detections' seasonal variation

= The beam thresholds of some stations have been tuned in the past. 16 -
= Beams within a beam group should have the same threshold (azimuthal dependence is only
considered for event location).
= The determination of optimal beam thresholds can only be done empirically. 14 -
= Atleast one year of data should be used in the optimization procedure to ensure seasonal
variations independence and sufficiently large statistical samples.
w12
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. —m— GERES
beam thresholds; assuming even only 10 beam groups and 10 = | n \/
; > o T - ] MKAR
different threshold levels gives 101 possible combinations o gl = TORD
= QOptimizing one beam group threshold affects the value of the ]
other beam groups (channel jumping) S
= Only the automatic system can be checked (analyst ® 6L
involvement is resource-intensive beyond capacity)
=  The current thresholds (starting point) of most stations do not
yield rates close to the target rates. 4t
Channel jumping
Increasing the STA/LTA threshold of a beam (channel) 2 é 4‘3 N '>. :v '>. 5, ‘Q_ = '> ;',
K o ® 2 ®m £ 35 3 o X & @
theoretically eliminates some detections; however, some of - L = 4 = 53 2 g v O =z na
=

these detections may still be detected by other beams
(channels). This effect is known as channel jumping or detection
move-over and is very difficult to predict. Channel jumping can
only be checked a posteriori.
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Considerations

= The beam thresholds of some stations have been tuned in the past.

= Beams within a beam group should have the same threshold (azimuthal dependence is only
considered for event location).

= The determination of optimal beam thresholds can only be done empirically.

= Atleast one year of data should be used in the optimization procedure tc

variations independence and sufficiently large statistical samples. 0.5 | REIationShlip be“‘\'elen assoﬁiation a.r‘lld add raltes (201?) |
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Association rate
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Optimization procedure described in the SHI
processing manual

1)  Run the DFX application using a STA/LTA threshold of 3.0 for
all channels on “control” data that have been reviewed by
analysts.

2)  Determine the relationships between the number and SNR of
detections for each channel.

3)  Determine the relationships between the number and SNR of
associated phases for each channel.

4)  Determine the relationships between the number and SNR of
added (missed) phases for each channel.

5)  Setan objective for the association rate for all channels (e.g.,
10%).

6) If the existing STA/LTA threshold for beams within a beam
group has association rate less than the objective, increase the
thresholds until the objective is achieved.

If the existing STA/LTA threshold for beams within a beam
group has association rate that is higher than the objective,
decrease the thresholds until the objective is achieved (or the
percentage of added phases becomes zero).

7)  Repeat step 6 until a relationship between the association rate
and the added rate is obtained.

8)  Choose a point where the added rate is lower than a given
percentage, say 20% (first priority) and the association rate is a
set percentage, say 10%, (second priority).

9) Test the modified recipe by running the DFX application.

Disclaimer: The views expressed on this poster are those of the author and do not necessarily reflect the view of the CTBTO
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Optimization procedure described in the SHI This process was written when the
processing manual IMS netyvork was at its infancy ar.1d
the stations were tuned for the first

1)  Run the DFX application using a STA/LTA threshold of 3.0 for time. Currently, stations have
all channels on “control” data that have been reviewed by higher thresholds and it makes
analysts. more sense to start from the

2)  Determine the relationships between the number and SNR of current values.

detections for each channel.

3)  Determine the relationships between the number and SNR of
associated phases for each channel.

4)  Determine the relationships between the number and SNR of
added (missed) phases for each channel.

5)  Setan objective for the association rate for all channels (e.g.,
10%).

6) If the existing STA/LTA threshold for beams within a beam
group has association rate less than the objective, increase the
thresholds until the objective is achieved.

If the existing STA/LTA threshold for beams within a beam
group has association rate that is higher than the objective,
decrease the thresholds until the objective is achieved (or the
percentage of added phases becomes zero).

7)  Repeat step 6 until a relationship between the association rate
and the added rate is obtained.

8)  Choose a point where the added rate is lower than a given
percentage, say 20% (first priority) and the association rate is a
set percentage, say 10%, (second priority).

9) Test the modified recipe by running the DFX application.

Disclaimer: The views expressed on this poster are those of the author and do not necessarily reflect the view of the CTBTO
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processing manual
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Disclaimer: The views expressed on this poster are those of the author and do not necessarily reflect the view of the CTBTO

Run the DFX application using a STA/LTA threshold of 3.0 for
all channels on “control” data that have been reviewed by
analysts.

Determine the relationships between the number and SNR of
detections for each channel.

Determine the relationships between the number and SNR of
associated phases for each channel.

Determine the relationships between the number and SNR of
added (missed) phases for each channel.

Set an objective for the association rate for all channels (e.g.,
10%).

If the existing STA/LTA threshold for beams within a beam
group has association rate less than the objective, increase the
thresholds until the objective is achieved.

If the existing STA/LTA threshold for beams within a beam
group has association rate that is higher than the objective,
decrease the thresholds until the objective is achieved (or the
percentage of added phases becomes zero).

Repeat step 6 until a relationship between the association rate
and the added rate is obtained.

Choose a point where the added rate is lower than a given
percentage, say 20% (first priority) and the association rate is a
set percentage, say 10%, (second priority).

Test the modified recipe by running the DFX application.

Tuning the IMS seismic stations
by optimization of their detection thresholds
Christos Saragiotis and Ivan Kitov, CTBTO, IDC/SA/SM

This process was written when the
IMS network was at its infancy and
the stations were tuned for the first
time. Currently, stations have
higher thresholds and it makes
more sense to start from the
current values.

Control data was
chosen to be the
whole year 2019. It
takes 3-7 days to run
one year’s worth of
data on DFX/StaPro
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Optimization procedure described in the SHI This process was written when the
IMS network was at its infancy and

i 5
processing manual the stations were tuned for the first KSRS " 10
1)  Run the DFX application using a STA/LTA threshold of 3.0 for time. Currently, stations have

all channels on “control” data that have been reviewed by higher thresholds and it makes .
analysts. more sense to start from the x10 16
2)  Determine the relationships between the number and SNR of current values. 8
detections for each channel.
3)  Determine the relationships between the number and SNR of 45
associated phases for each channel. Control data was
4)  Determine the relationships between the number and SNR of chosen to be the 2
added (missed) phases for each channel. whole year 2019. It _g 14
5)  Setan objective for the association rate for all channels (e.g., takes 3-7 days to run ]
10% ). one year’s worth of o
6) If the existing STA/LTA threshold for beams within a beam data on DFX/StaPro a 3
group has association rate less than the objective, increase the
thresholds until the objective is achieved.
If the existing STA/LTA threshold for beams within a beam 2
group has association rate that is higher than the objective,
decrease the thresholds until the objective is achieved (or the 1

percentage of added phases becomes zero).

7)  Repeat step 6 until a relationship between the association rate
and the added rate is obtained.

8)  Choose a point where Fhe ad.de.d rate is lower thaj\n .a given . Group ID 0 -15 5 from SNR
percentage, say 20% (first priority) and the association rate is a
set percentage, say 10%, (second priority).

9) Test the modified recipe by running the DFX application.

Disclaimer: The views expressed on this poster are those of the author and do not necessarily reflect the view of the CTBTO
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Optimization procedure described in the SHI This processkwas written ;Nhen thz
: IMS network was at its infancy an
processing manual the stations were tuned for the first KSRS o
1)  Run the DFX application using a STA/LTA threshold of 3.0 for time. Currently, stations have loss
all channels on “control” data that have been reviewed by higher thresholds and it makes
analysts. more sense to start from the 105
2)  Determine the relationships between the number and SNR of current values. 0.6
detections for each channel. 40.45
3)  Determine the relationships between the number and SNR of o 0.5 o4
associated phases for each channel. Control data was 2 10.
4)  Determine the relationships between the number and SNRof ~ chosen to be the 0.4 10.35
added (missed) phases for each channel. whole year 2019. It g 03 ’
5)  Setan objective for the association rate for all channels (e.g., takes 3-7 days to run = 0.3
10% ). one year’s worth of 'g 0.2
6) If the existing STA/LTA threshold for beams within a beam data on DFX/StaPro P 0.25
group has association rate less than the objective, increase the < 0.1 02
thresholds until the objective is achieved. :
If the existing STA/LTA threshold for beams within a beam 0.l 0.15
group has association rate that is higher than the objective, 20
decrease the thresholds until the objective is achieved (or the 0.1
percentage of added phases becomes zero).
0.05

7)  Repeat step 6 until a relationship between the association rate
and the added rate is obtained.

8)  Choose a point where Fhe ad.de.d rate is lower thaj\n .a given . Group ID 0 -15 5 from SNR
percentage, say 20% (first priority) and the association rate is a
set percentage, say 10%, (second priority).

9) Test the modified recipe by running the DFX application.

Disclaimer: The views expressed on this poster are those of the author and do not necessarily reflect the view of the CTBTO
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Optimization procedure described in the SHI
processing manual

This process was written when the
IMS network was at its infancy and
the stations were tuned for the first

KSRS added and association rates

0.5 .
1)  Run the DFX application using a STA/LTA threshold of 3.0 for time. Currently, stations have o Added rate
all channels on “control” data that have been reviewed by higher thresholds and it makes 0.45 -+ Assoc rate | {
analysts. more sense to start from the 5
2)  Determine the relationships between the number and SNR of current values. 0.4 o ]
detections for each channel. o
3)  Determine the relationships between the number and SNR of 0.35 i
associated phases for each channel. Control data was & C
4)  Determine the relationships between the number and SNR of chosen to be the 0.3 o |
added (missed) phases for each channel. whole year 2019. It
5)  Setan objective for the association rate for all channels (e.g., takes 3-7 days to run % 0.25 ¢ A
10% ). one year’s worth of o I %
6) If the existing STA/LTA threshold for beams within a beam data on DFX/StaPro 0.2
group has association rate less than the objective, increase the ’ o
thresholds until the objective is achieved. 0.15 x |
If the existing STA/LTA threshold for beams within a beam '
group has association rate that is higher than the objective, 0.1 E X
decrease the thresholds until the objective is achieved (or the ' e}
percentage of added phases becomes zero). 0.05 = x |
7)  Repeat step 6 until a relationship between the association rate ’ %
and the added rate is obtained. ‘ x = . . .
8)  Choose a point where the added rate is lower than a given 0 _15 -1 _0.5 0 0.5
percentage, say 20% (first priority) and the association rate is a § from SNR
set percentage, say 10%, (second priority).
9) Test the modified recipe by running the DFX application.
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Optimization procedure described in the SHI This processkwas written ;Nhen thz
. IMS network was at its infancy an ..

processing manual the stations were tuned for the first 0.5 KSRS ?‘ddEd and Ia.SSOCIa.tlonl rates .

1)  Run the DFX application using a STA/LTA threshold of 3.0 for time. Currently, stations have o Added rate
all channels on “control” data that have been reviewed by higher thresholds and it makes 0.45 L -+ Assoc rate | {
analysts. more sense to start from the &

2)  Determine the relationships between the number and SNR of current values. 0.4 - o 4
detections for each channel. o

3)  Determine the relationships between the number and SNR of 0.35 L i
associated phases for each channel. Control data was o ©

4)  Determine the relationships between the number and SNR of chosen to be the 0.3k o i
added (missed) phases for each channel. whole year 2019. It

5)  Setan objective for the association rate for all channels (e.g., takes 3-7 days to run % 0.25 - - =
10% ). one year’s worth of o o %

6) If the existing STA/LTA threshold for beams within a beam data on DFX/StaPro 0.2
group has association rate less than the objective, increase the ’ o
thresholds until the objective is achieved. 0.15 E P i
If the existing STA/LTA threshold for beams within a beam Increment is not ’
group has association rate that is higher than the objective, specified; 0.2 is taken 0.1 E X
decrease the thresholds until the objective is achieved (or the ' e}
percentage of added phases becomes zero). 0.05 L o x |

7)  Repeat step 6 until a relationship between the association rate ’ %
and the added rate is obtained. ‘ x = , , ,

8)  Choose a point where the added rate is lower than a given 0 -1.5 -1 _0.5 0 0.5
percentage, say 20% (first priority) and the association rate is a § from SNR

set percentage, say 10%, (second priority).
9) Test the modified recipe by running the DFX application.
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1)

Run the DFX application using a STA/LTA threshold of 3.0 for
all channels on “control” data that have been reviewed by
analysts.

Determine the relationships between the number and SNR of
detections for each channel.

Determine the relationships between the number and SNR of
associated phases for each channel.

Determine the relationships between the number and SNR of
added (missed) phases for each channel.

Set an objective for the association rate for all channels (e.g.,
10%).

If the existing STA/LTA threshold for beams within a beam
group has association rate less than the objective, increase the
thresholds until the objective is achieved.

If the existing STA/LTA threshold for beams within a beam
group has association rate that is higher than the objective,
decrease the thresholds until the objective is achieved (or the
percentage of added phases becomes zero).

Repeat step 6 until a relationship between the association rate
and the added rate is obtained.

Choose a point where the added rate is lower than a given
percentage, say 20% (first priority) and the association rate is a
set percentage, say 10%, (second priority).

Test the modified recipe by running the DFX application.

Disclaimer: The views expressed on this poster are those of the author and do not necessarily reflect the view of the CTBTO

PUTTING AN END TO NUCLEAR EXPLOSIONS

This process was written when the
IMS network was at its infancy and
the stations were tuned for the first
time. Currently, stations have
higher thresholds and it makes
more sense to start from the
current values.

Control data was
chosen to be the
whole year 2019. It
takes 3-7 days to run
one year’s worth of
data on DFX/StaPro

Increment is not
specified; 0.2 is taken

Tuning the IMS seismic stations
by optimization of their detection thresholds
Christos Saragiotis and Ivan Kitov, CTBTO, IDC/SA/SM
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S 1) by optimization of their detection thresholds \OI CTBTO

Optimization using a hybrid grid/genetic algorithm
search

Genetic algorithms are good at taking large, potentially huge search
spaces and navigating them, looking for optimal combinations of
things, solutions you might not otherwise find in a lifetime.
S. Mangano (1995), "Genetic algorithms solve seemingly intractable
problems”, Computer Design(34), no. 5, p.70

Disclaimer: The views expressed on this poster are those of the author and do not necessarily reflect the view of the CTBTO
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Optimization using a hybrid grid/genetic algorithm
search

Genetic algorithms are good at taking large, potentially huge search
spaces and navigating them, looking for optimal combinations of
things, solutions you might not otherwise find in a lifetime.
S. Mangano (1995), "Genetic algorithms solve seemingly intractable
problems”, Computer Design(34), no. 5, p.70

The algorithm
{

initialize population;
evaluate population;
while Termination Criteria Not Satisfied
{
select parents for reproduction;
reproduction (aka crossover);
mutation;
evaluate population;

Disclaimer: The views expressed on this poster are those of the author and do not necessarily reflect the view of the CTBTO
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Optimization using a hybrid grid/genetic algorithm
search

Genetic algorithms are good at taking large, potentially huge search
spaces and navigating them, looking for optimal combinations of
things, solutions you might not otherwise find in a lifetime.
S. Mangano (1995), "Genetic algorithms solve seemingly intractable
problems”, Computer Design(34), no. 5, p.70

Individuals in population: beam

The algorithm threshold combinations

{ Initial population includes
initialize population; = Current beam thresholds
evaluate population; = Exhaustive grid search for 7
while Termination Criteria Not Satisfied most prolific beam groups

{
select parents for reproduction;
reproduction (aka crossover);
mutation;
evaluate population;

Disclaimer: The views expressed on this poster are those of the author and do not necessarily reflect the view of the CTBTO
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Optimization using a hybrid grid/genetic algorithm
search

Genetic algorithms are good at taking large, potentially huge search
spaces and navigating them, looking for optimal combinations of
things, solutions you might not otherwise find in a lifetime.
S. Mangano (1995), "Genetic algorithms solve seemingly intractable
problems”, Computer Design(34), no. 5, p.70

Individuals in population: beam

The algorithm threshold combinations

{ Initial population includes
initialize population; = Current beam thresholds
evaluate population; = Exhaustive grid search for 7
while Termination Criteria Not Satisfied most prolific beam groups

{
select parents for reproduction;
reproduction (aka crossover);
mutation;

evaluate population; Termination criteria
} = Number of iterations

} =  Stuckin a solution
for many iterations

Disclaimer: The views expressed on this poster are those of the author and do not necessarily reflect the view of the CTBTO
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Optimization using a hybrid grid/genetic algorithm

search GA search for NVAR

0.973 . . w
Genetic algorithms are good at taking large, potentially huge search iter 1
spaces and navigating them, looking for optimal combinations of 0.9728 = iter 2
things, solutions you might not otherwise find in a lifetime. iter 3
S. Mangano (1995), "Genetic algorithms solve seemingly intractable 0.9726 + _ iter 4
problems”, Computer Design(34), no. 5, p.70 iter 5
0.9724 1 ?ter 6
Individuals in population: beam !ter 7
The algorithm threshold combinations 0.9722 + - !:er g

irer
( Initi I I iter 10
nitial population includes o 0972} B ter 11
initialize population; =  Current beam thresholds v :EE: -
evaluate population; = Exhaustive grid search for 7 0.9718 + = iter 13
while Termination Criteria Not Satisfied most prolific beam groups iter 14
{ 0.9716 | 1 iter 15
select parents for reproduction; iter 16
reprosﬂuction (aka crossover); 0.9714 | J iter 17
mutation; iter 18
evaluate population; Termination criteria 0.9712 | | iter 19
} =  Number of iterations : iter 20
= Stuckin a solution
} ; ; 0.971 ! ! \
for many iterations 0 500 1000 1500 2000
Iteration

Disclaimer: The views expressed on this poster are those of the author and do not necessarily reflect the view of the CTBTO
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Optimization using a hybrid grid/genetic algorithm

search GA search for NVAR

0.973 . . w
Genetic algorithms are good at taking large, potentially huge search iter 1
spaces and navigating them, looking for optimal combinations of 0.9728 = iter 2
things, solutions you might not otherwise find in a lifetime. iter 3
S. Mangano (1995), "Genetic algorithms solve seemingly intractable 0.9726 + _ iter 4
problems”, Computer Design(34), no. 5, p.70 iter 5
0.9724 1 ?ter 6
Individuals in population: beam !ter 7
The algorithm threshold combinations 0.9722 + - !:er g

irer
( Initi I I iter 10
nitial population includes o 0972} B ter 11
initialize population; =  Current beam thresholds v :EE: -
evaluate population; = Exhaustive grid search for 7 0.9718 + = iter 13
while Termination Criteria Not Satisfied most prolific beam groups iter 14
{ 0.9716 | 1 iter 15
select parents for reproduction; iter 16
reprosﬂuction (aka crossover); 0.9714 | J iter 17
mutation; iter 18
evaluate population; Termination criteria 0.9712 | | iter 19
} =  Number of iterations : iter 20
= Stuckin a solution
} ; ; 0.971 ! ! \
for many iterations 0 500 1000 1500 2000
Iteration

Cost function
© if added rate > 0.2

Clindividual) = {1 — assocrate, ifaddedrate < 0.2
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Suggested beam thresholds seem reasonable when only one or two
beam threshold sets are suggested by the hybrid G/GA search.

In general, the suggested beam thresholds are lower than the
current ones (the primary goal is to bring down the added phases
rate).

Increased beam thresholds are suggested where the number of
detections is high compared to the associated phases that are
introduces (i.e., the association rate is low) to suppress these beam
groups.
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Suggested beam thresholds seem reasonable when only one or two
beam threshold sets are suggested by the hybrid G/GA search.

In general, the suggested beam thresholds are lower than the
current ones (the primary goal is to bring down the added phases
rate).

Increased beam thresholds are suggested where the number of
detections is high compared to the associated phases that are
introduces (i.e., the association rate is low) to suppress these beam
groups.

When more than one similar solutions
are found the one closest (in a weighted
Euclidean distance sense) to the current
thresholds is selected.
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ASAR - Performance of various solutions

0.5
©  Current rates
0.45 + ¥ SHI manual procedure
Grid search (7 groups)
0.4 - % GA search
& Verified by DFX
0.35
0.3r T
g o
c o
n 0.25 - v
un &
= 02 £ =
o
0.15F .5
0
@
0.1p Target area <
0.05 F
__Miss ratje target | . ! ! ]

0
0 0.05 0.1 0.15 0.2 0.25 0.3 0.35
Association rate

Disclaimer: The views expressed on this poster are those of the author and do not necessarily reflect the view of the CTBTO

PUTTING AN END TO NUCLEAR EXPLOSIONS : g - - e CTBTO.ORG



PREPARATORY COMMISSION

S nT Tuning the IMS seismic stations ’\ CTBTO
by optimization of their detection thresholds V

Poster No.: Christos Saragiotis and Ivan Kitov, CTBTO, IDC/SA/SM

Conclusions 05 ASAR - Performance of various solutions
= The beam thresholds of most array stations are not properly tuned. This results in high miss rates ’
and/or low association rates, thus significantly impacting the quality of the automatic event lists 0.45 - © Current rates
and the burdening the work of the analysts. : v SH_' manual procedure
= Priority is given in reducing the miss rate (adding phases is much more time consuming than B Grid search (7 groups)
disassociating them) 4r g SA .sffaadrctt] DEX
= The number of combinations of beam thresholds to be checked for each station is astronomical. erified by
e Exhaustive grid search is impossible 0.35r
* Suggested procedure in manual is very fast but suboptimal in most cases; in some cases, it »
completely fails to achieve the target for the miss rate kA 037 &
*  Ahybrid grid/genetic algorithm search seems to yield quite better results. o E
= Some stations seem to not be able to achieve sufficiently high association rate; this may be due to: A 0.25 ¢ v
= phases with very low SNR added by the analysts (e.g., mining blasts) or s ©
= we need to extend the search space 0.2 & s
= The channel jumping effect causes both the association and miss rates to decrease; higher miss =
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Conclusions 05 ASAR - Performance of various solutions
= The beam thresholds of most array stations are not properly tuned. This results in high miss rates ’
and/or low association rates, thus significantly impacting the quality of the automatic event lists 0.45 - © Current rates
and the burdening the work of the analysts. : v SH_' manual procedure
= Priority is given in reducing the miss rate (adding phases is much more time consuming than B Grid search (7 groups)
disassociating them) 4r g SA .sffaadrctt] DEX
= The number of combinations of beam thresholds to be checked for each station is astronomical. erified by
e Exhaustive grid search is impossible 0.35r
* Suggested procedure in manual is very fast but suboptimal in most cases; in some cases, it »
completely fails to achieve the target for the miss rate kA 037 &
*  Ahybrid grid/genetic algorithm search seems to yield quite better results. o E
= Some stations seem to not be able to achieve sufficiently high association rate; this may be due to: A 0.25 ¢ v
= phases with very low SNR added by the analysts (e.g., mining blasts) or s ©
= we need to extend the search space 0.2 & s
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A
0.1p Target area <
Future work
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= Apply the hybrid grid/genetic algorithm search to remaining
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= Assess the channel jumping effect of the new beam 0 0.05 0.1 0.15 0.2 0.25 0.3 0.35

threshold sets

= Test the new beam thresholds online to include automatic
association (using GA or NetVisa)

= Examine rates excluding very low SNR added phases.
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