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6.3 Initial studies of signalsrecorded by ARCES infrasound sensors

Soonsored by US Army Sphace and Missile Defence Command, Contract No. W9113M-05-C-0224

6.3.1 Introduction

An important aspect of the infrasonic studiesis the availability of data from a distributed net-
work of arrays. The Swedish infrasound array network provides a useful supplement to the
seismic and infrasonic arrays in Norway and NW Russia. The Apatity infrasound array isa
three-element array co-located with the nine-element Apatity short-period regional seismic
array, which wasinstalled in 1992 on the Kola Peninsula, Russia by the Kola Regional Seismo-
logical Centre (KRSC). For further details see Baryshnikov (2004). The 25 element ARCES
array is a short-period regional seismic array, located in northern Norway. ARCES has ho
infrasound sensors, but because of special near surface installation conditions, many of its seis-
mic sensors are also sensitive to infrasound signals (see e.g., Ringdal & Schweitzer, 2005). The
Swedish Infrasound Network (Liszka, 2007) has been in operation since the beginning of the
1970s. Operated by the Swedish Institute of Space Physics, the network has until recently com-
prised four infrasound stations: Kiruna, Jimton, Lycksele and Uppsala. The station in Uppsala
was moved to Sodankyld, Finland, during the summer of 2006. The currently available network
of arrays for infrasound processing in the Nordic region is shown in Figure 6.3.1.

Explosion site 2
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Figure 6.3.1. Locations of the arrays used for infrasonic processing in the Nordic countries. The
site of the explosionsin northern Finland discussed in previous papers (Explosion site 1)
and the location of the presumed explosion in NW Russia discussed in detail in this paper
(Explosion site 2) are marked on the map.
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6.3.2 Experimental deployment of microbarographswithin ARCES

The NORSAR staff has expended much effort during the past several yearsto determine asite
for the projected IMS infrasound station near the ARCES array. Although these efforts until
now have not been successful, we have made some progressin eval uating the infrasonic record-
ing possibilities using dedicated infrasound sensors (as compared to using the seismic sensors
of the ARCES array for infrasound recording). A recent devel opment has been the installation
of additional infrasonic recording equipment at three element near the center of ARCES, as
illustrated in Figure 6.3.2. The data are digitized at a 40 Hz rate and extracted in parallel with
the regular seismic data. The data from the infrasound sensors have been available at the NOR-
SAR data center since about 1 April 2008.
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Figure 6.3.2. Configuration of the ARCES array. The filled circles denote vertical-component
seismometers, and the triangles denote three-component seismometers. The threefilled red
circlesrepresent the sites where infrasound sensors have been experimentally installed in
addition to the seismic sensors. Also note that an experimental high-frequency seismic ele-
ment has recently been installed at the center (ARAOQ) of the array.
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6.3.3 Seismometers versus microbarographs for infrasound recording

We have begun an investigation aimed at comparing the quality of recording of infrasound sig-
nals when using seismometers versus recordings using microbarographs. Even taking into
account the very efficient recording of such signals by the ARCES sel smometers, our expecta
tion would be that significant improvement would be obtained when using microbarographs.
Nevertheless, the much larger number of seismic sensors would be a factor that should also be
taken into account.

Figure 6.3.3 shows two waveforms covering 20 minutes of ARCES array data and representing
the presumed explosion in NW Russia mentioned above. The top waveform shows seismome-

ter data (ARA2) and the bottom waveform shows microbarograph data from the same site. We
note that the seismometer data shows P and S phases from the presumed explosion aswell as P
and S phases from an unrelated seismic event (amining event near Kiruna, Sweden). The infra-
sonic signal is very clear on both the traces and looks quite similar on the two sensors.

Infrasound signals from the Russian explosion
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Figure 6.3.3. The figure shows two waveforms covering 20 minutes of ARCES array data and rep-
resenting a presumed explosion in NW Russia on 22 May 2008. The data are filtered in a 3-
6 Hz frequency band.

One interesting observation from Figure 6.3.3 is the differences in signal-to-noise ratio (SNR)
between the two traces. While the SNR of the infrasonic signal is high in both cases, it is
clearly superior for the microbarograph. Thisis by no means surprising; in fact, the most sur-
prising feature is that the seismic trace is so close to the microbarograph trace in terms of both
SNR and waveform characteristics. Also note that “noise” on the seismic trace comprises both
the usual “background noise” and the actual seismic signals, which naturally are not visible on
the microbarograph trace.
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The similarity of the infrasonic signals on the two sensorsis further illustrated in Figure 6.3.4,

which shows an expanded plot in a somewhat broader frequency band (1.5-6 Hz). Thissimilar-
ity iseven more clearly shown in Figure 6.3.5, where the two sensor traces are plotted together

in the same coordinate system.
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Figure 6.3.4. Expanded plot of theinfrasonic signals shown in Figure 6.3.3, filtered in thel.5-6.0

Hzfrequency band. Note the similarity of the signals recorded by the seismometer (top) and
the microbarograph (bottom).
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Figure 6.3.5. Same as Figure 6.3.4, but with the two sensor traces plotted in the same coordinate
system.
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In Figure 6.3.6, we show for comparison the infrasonic data recorded by a seismometer in the
Apatity array, together with data recorded by a co-located microbarograph. Again, the similar-
ity between the two sensors is remarkable, but in this case there is a phase delay of about 0.03
seconds between the two sensor types. This is probably due to a small difference in sensor
location (of the order of 10 meters), and is in any case insignificant for our purposes.
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Figure 6.3.6. Recordings of the infrasonic phase at the Apatity array for the previously discussed
presumed explosion in NW Russia. The traces are from a seismometer (top) and a co-
located microbarograph (bottom). Note the slight phase shift between the traces.

We mention one additional feature, which is characteristic for many infrasound recordings.
This feature is the presence of more than one infrasonic phase for the same event. It is well
known that under various atmospheric conditions, the temporal characteristics and amplitudes
of the various infrasonic phases can show great differences, even between explosions con-
ducted in the same place and with the same source characteristics. This fact is discussed in
detail by Gibbons et al. (2007) for a set of explosion from a site in northern Finland (Explosion
site 1 in Figure 6.3.1).

In the example studied in the present paper, the ARCES data appears to show two infrasonic
phases, separated by about 10 seconds. This might initially be interpreted as representing two
separate explosions. However, by vespagram analysis of the ARCES signals (see Figure 6.3.7),
it is quite clear that there is in fact only one event that causes these phase recordings.
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Figure 6.3.7. Vespagram of the ARCES array, steered to 86 degrees, for the time of the seismic
phase recordings of the NW Russia presumed explosion. The plot indicates one P-phase
and one S-phase, with no clear evidence of a second onset.

6.3.4 Slowness estimation

Figure 6.3.8 shows ARCES full seismic array slowness estimate, using 25 SPZ seismometers,
for the infrasound phase of the NW Russia event discussed in this paper. The method of
Frankel et al. (1991) is used for this and other slowness estimates in this paper. Figure 6.3.9
shows the slowness estimates using only the three microbarographs.
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Figure 6.3.8. Slowness estimate of the infrasonic phase of the NW Russia presumed explosion,
using the 25 vertical-component seismometers of the ARCES array.
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Figure 6.3.9. Slowness estimate of the NW Russia event, using only the three ARCES microbaro-

graphs.
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We note that the estimated azimuth is 86.59 degrees, and the estimated vel ocity is 331 m/s for
the full 25-element seismic array (Figure 6.3.8). For comparison, the estimated azimuth is
87.03 degrees, and the estimated velocity is 324 m/s using the three microbarographs only.
Thus, the difference is very small, although the peak of the seismic plot is somewhat sharper
than for the microbarograph plot. The cross-like sidelobe pattern of Figure 6.3.9 istypical of
the slowness plots for a three-element array.

Figure 6.3.10 shows the slowness estimate by the Apatity microbarograph array for the infra-
sound phase recorded at Apatity. The sharpness of the peak issimilar to that of ARCES (Figure
6.3.9), which reflects asimilar array aperture (about 300 m) and a similar frequency content of
the infrasonic signals. The estimated azimuth is 348.23 degrees and the estimated velocity is
340 m/sin this case. Again these are quite close to the (assumed) true values.

A noteworthy feature of Figure 6.3.10 isthe color difference (green) of one of the“arms’ of the
cross-pattern. This occurs because one of the three microbarograph had a hardware (filter)
problem at the time of the event, and therefore showed considerably poorer SNR than the other
instruments. Nevertheless, the slowness estimate does not deteriorate significantly, although
the effect would be more severe for lower SNR signals.
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Figure 6.3.10. Slowness estimate of the NW Russia event, using the three Apatity microbaro-
graphs.
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6.3.5 Swedish/Finnish network data

The Swedish/Finnish infrasound network comprises much smaller arrays than ARCES and
Apatity. It could be of interest to compare the results using these arrays to what we have shown
before. Figure 6.3.11a shows the waveforms recorded by the Kirunainfrasound array in north-
ern Sweden. The SNRisin fact quite good, and the signals are not clipped (thisis sometimes a
problem for these arrays, which have a much more limited dynamic range than ARCES and
Apatity).
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Figure 6.3.11a. Waveforms recorded by the Kiruna infrasound array in northern Sweden for the
NW Russia event.

Figure 6.3.11b shows slowness estimate for the infrasound phase using data from the Kiruna
infrasound array. The azimuth (81.01 degrees) is quite close to the assumed true azimuth,
whereas the phase velocity (296 m/s) is somewhat lower than expected. Here, it must be
remembered that the Swedish arrays have an aperture of only 75 meters, which is much less
than even the small ARCES and Apatity microbarograph arrays. This causes the peak of the
plot shown in Figure 6.3.11ato be much less sharp than what was seen for the ARCES and Apa-
tity microbarograph arrays.
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Figure 6.3.11b. Slowness estimate of the NW Russia event, using the Kiruna infrasound array.

6.3.6 Detector performance

Inthe 1 April - 30 June 2006 Quarterly R&D Status Report we described a slowness-based
algorithm for detecting infrasound signals at the ARCES seismic array. Using the seismic sen-
sors of A- and B-rings of the ARCES array, we ran broad-band slowness analysis (Kvaana and
Doornbos, 1986) with a sampling interval of 2 seconds and a window length of 10 secondsin
the 2-5- Hz frequency band. We have now applied this algorithm time interval April - June
2008, and we show in Figure 6.3.12 the results for 22 May 2008. The processing algorithm can
be summarized as follows:

Only consider slowness estimates in the velocity range 0.25-0.66 km/s (sound vel ocities).

2. Form groups of consecutive slowness estimates with sound vel ocities, with the restriction
that the azimuth estimates are within 10 degrees of the first azimuth estimate of the group.

3. Aninfrasound detection is declared if agroup has three or more elements (i.e. a duration
of 6 seconds or more), and the highest slowness peak of the group is more than 0.9 dB
above the 2nd peak.

We have experienced that infrasound signals almost without exceptions yields three or more
consecutive slowness estimates with comparable azimuths. This restriction also prevents erro-
neous declarations of infrasound detections caused by spurious slowness estimates. In the cases
with data quality problems (gaps, spikes) on one or more array channels, we may experience a
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few ‘false’ consecutive slowness estimates with sound velocities and comparabl e azimuths.
However, under such circumstances the maximum slowness peak is usually not well defined, so
we have introduced the additional criterion requiring that the highest slowness peak of the
group is more than 0.9 dB above the 2nd peak.

Thered data points of Figure 6.3.12 show slowness estimates belonging to groups with three or
more elements, formed as described above. The lower panel shows the number of slowness
estimates chained together. Notice that for the two signals around 10:06 the numbers are 5 and
15, respectively. For the signal at 16:43, the number is 19.

Details about the 22 May 2008 infrasound detections at the ARCES seismic array are givenin
Table 6.3.1.

Table 6.3.1. Infrasound detections on the ARCES seismic array, 22 May 2008

Start Time Duration A(T?n;/s? ' B?g;é)Zi ' Plzv(?/lér (S(;\IBF;
2008-143:10.06.06.000 8.0 0.337 166.74 0.563 4.22
2008-143:10.06.26.000  28.0 0.337 166.81 0611 574
2008-143:16.43.50.000 36.0 0.329 85.56 0.749 20.93
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22/5/2008 Day-of-Year 143 ARC
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Figure 6.3.12. Processing results from continuous slowness analysis of the ARCES A- and B-ring
seismic sensors for 22 May 2008. The red points represent slowness estimates from candi-
dateinfrasound signals.
1st panel: Apparent velocity. Seismic velocities fall outside the axis.
2nd panel: Back-azimuth.
3rd panel: Therelative power of the slowness maximum (a coherency measure).
4th panel: The differencein decibels between the slowness maximum and the 2nd slowness
peak.
5th panel: The absolute power of the slowness maximum (a signal amplitude measure).
The blue line represents a smoothed average over the timeinterval.
6th panel: The number of slowness estimates chained together.
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We have adopted asimilar procedure for processing of the three ARCES microbarographs. The
22 May 2008 processing results for the ARCES microbarographs are displayed in Figure
6.3.13. Different from processing of the seismic sensors, we now almost always show get slow-
ness estimates with sound vel ocities, and we had to introduce some changes to the algorithms
for forming infrasound detection groups. Another issue with the microbarograph dataisthat we
quite often have large amplitudes at only one of the sensors, probably caused by local wind or
other very local noise sources. In order to identify such instances, we introduced the amplitude
ratio

Max(a;)
— =13
Min(a;)

where g; is the short-term average at sensor i. Thisratio yields high values when one of the
microbarographs has anomalous values. The processing algorithm applied to the microbaro-
graphs can be summarized as follows:

ax(a,) (( < 05)

a;)
Min(a) < 3.16 (or logyg Min(a)

1.  Only consider slowness estimates where

See 61" panel of Figure 6.3.13.

2. Only consider slowness estimates in the vel ocity range 0.25-0.66 km/s (sound vel ocities).
See 1% panel of Figure 6.3.13.

3. Calculate therelative power median and the inter-quartile range (igr) for the entire time
interval. Only consider slowness estimates with relative power values exceeding the
median + 1.5 *igr. Thisthreshold is shown by the red linein the 3 panel of Figure
6.3.13.

4.  Form groups of consecutive slowness estimates with sound velocities, with the restriction
that the azimuth estimates are within 10 degrees of the first azimuth estimate of the group.

5.  Aninitia infrasound detection is declared if a group has four or more elements.
See 71" panel of Figure 6.3.13.

6. Caculate the amplitude SNR of theindividual slowness estimates using the long-term
average of the absolute slowness power as the reference (see 5th panel of Figure 6.3.13).
For definition of infrasound detection groups havi ng ashort duration, we required an
SNR of about 4 dB, shown by thered linein the 5th panel of Figure 6.3.13.

Details about the 22 May 2008 infrasound detections at the ARCES microbarographs are given
in Table 6.3.2, and we see a much higher number of detections than for the ARCES seismic
sensors. The microbarograph infrasound detections corresponding to those found on the seis-
mic sensors (see Table 6.3.1) are marked red. For readability the infrasound detection falling
within one-hour intervals are highlighted.
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22/5/2008 Day-of-Year 143 ARCI
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Figure 6.3.13. Processing results from continuous slowness analysis of the three ARCES
microbarograph sensorsfor 22 May 2008. Thered points represent slowness estimates from
candidate infrasound signals.
1st panel: Apparent velocity.
2nd pandl: Back-azimuth.
3rd panel: Therelative power of the downess maximum (a coherency measure).
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4th panel: The differencein decibels between the slowness maximum and the 2nd slowness
peak.

5th panel: The absolute power of the slowness maximum (a signal amplitude measure).
The blue line represents a smoothed average over the timeinterval.

6th panel: Maximum amplitude difference among the three microbarograph sensors.

7th panel: The number of slowness estimates chained together.

Table 6.3.2. Infrasound detections on the ARCES microbarographs, 22 May 2008

App. vel. | Back-azi, | Rel. | SNR
(km/s) (deg.) | Power | (dB)
2008-143:02.29.26.000 12.0 0.332 93.51 0.729 4.44
2008-143:02.29.50.000 26.0 0.326 93.69 0.950 16.79
2008-143:05.24.54.000 28.0 0.342 17211 0913 1147
2008-143:05.26.48.000 34.0 0.339 171.02 0.864 11.09
2008-143:05.33.24.000 8.0 0.344 170.16 0857 6.78
2008-143:05.33.36.000  104.0 0.340 171.05 0.892 14.58
2008-143:05.37.44.000 16.0 0.340 17291 0.884 13.48
2008-143:05.53.04.000 14.0 0.343 171.32  0.907 13.49
2008-143:05.54.04.000 14.0 0.344 17128 0822 9.78

Start Time Duration

2008-143:06.19.42.000 8.0 0.343 34046 0.749 6.51
2008-143:06.29.00.000 8.0 0.342 17424 0.759  7.69
2008-143:06.44.26.000 8.0 0.335 174.07 0922 16.19
2008-143:06.44.38.000 34.0 0.332 17372 0898 13.18
2008-143:06.45.40.000 8.0 0.339 170.09 0.714 435

2008-143:06.45.54.000 16.0 0.340 17039 0645 3.87
2008-143:06.48.32.000 24.0 0.336 17337 0883 14.15
2008-143:06.51.12.000 26.0 0.336 17272 0837 1241

2008-143:06.54.04.000 6.0 0.337 16858 0.701 4.62
2008-143:06.56.58.000 12.0 0.337 16526 0833 884
2008-143:07.06.30.000 8.0 0.347 127.73 0.707  5.00

2008-143:07.22.08.000 12.0 0.336 16825 0.770 8.01
2008-143:07.23.46.000 20.0 0.346 167.22  0.852 10.60
2008-143:07.40.20.000 4.0 0.339 259.74 0.885 1222
2008-143:08.11.54.000 4.0 0.504 256.97 0910 14.02
2008-143:08.15.02.000 24.0 0.342 17119 0.755  7.02
2008-143:08.16.42.000 14.0 0.336 168.01 0.804 8.93
2008-143:08.25.54.000 10.0 0.339 17335 0676 5.07
2008-143:08.27.08.000 16.0 0.335 17225 0.781  8.22
2008-143:08.32.30.000 30.0 0.347 17422 0.743 758
2008-143:08.44.10.000 14.0 0.341 169.06 0.772 641
2008-143:08.45.14.000 8.0 0.333 261.08 0851 9.70
2008-143:09.04.50.000 20.0 0.337 163.02 0.780 894
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Table 6.3.2. Infrasound detections on the ARCES microbarographs, 22 May 2008

Rel.
Power

App. vel. | Back-azi, SNR
(km/s) (deg.) (dB)
2008-143:09.17.24.000 30.0 0.337 16842 0.736 4.26
2008-143:09.30.18.000 26.0 0.339 169.49 0662 3.04
2008-143:09.36.50.000 20.0 0.340 168.23 0.753  3.66
2008-143:09.38.18.000 16.0 0.339 168.03 0760 6.67
2008-143:09.41.38.000 16.0 0.331 69.89 0712 2.87
2008-143:09.42.24.000 60.0 0.341 68.48 0762  4.37
2008-143:10.02.58.000 56.0 0.340 16768 0969 11.49
2008-143:10.04.30.000 80.0 0.337 16691 0907 15.81
2008-143:10.05.54.000 76.0 0.334 166.81 0955 22.89
2008-143:10.07.18.000 6.0 0.336 16588 0.706 6.74
2008-143:10.07.46.000 14.0 0.348 166.94 0814 9.9
2008-143:10.30.38.000 24.0 0.343 20156 0.795  4.45
2008-143:10.31.50.000  40.0 0.338 201.78 0.799 6.23
2008-143:10.33.04.000 132.0 0.338 201.67 0.900 11.90
2008-143:10.42.56.000 22.0 0.341 201.06 0.692 6.55
2008-143:11.25.00.000 8.0 0.327 92.44 0725 4.14
2008-143:11.31.14.000 6.0 0.347 16424 0.783 4.09
2008-143:11.33.04.000 20.0 0.340 16459 0722 246
2008-143:11.33.38.000 16.0 0.338 16450 0793 4.69
2008-143:12.40.24.000 14.0 0.340 17168 0855 6.79
2008-143:12.40.48.000 6.0 0.333 26444 0.829 1050
2008-143:12.41.18.000 8.0 0.336 26478 0.872 870
2008-143:12.42.34.000 32.0 0.341 17086 0.822 751
2008-143:12.51.16.000 36.0 0.337 170.73 0901 10.24
2008-143:13.06.06.000  42.0 0.342 215.08 0814 781
2008-143:13.10.10.000 8.0 0.339 17113 0752 7.62
2008-143:13.44.22.000 16.0 0.342 17050 0.827 5.82
2008-143:13.53.54.000 24.0 0.338 172.46  0.877 13.02
2008-143:14.05.48.000 16.0 0.338 163.02 0786 7.07
2008-143:14.14.50.000 34.0 0.341 170.67 0.850 10.71
2008-143:14.15.28.000 16.0 0.340 171.10 0.870 10.29
2008-143:14.24.50.000 8.0 0.339 17120 0.744 558
2008-143:14.25.06.000 16.0 0.344 170.76  0.794  4.69
2008-143:14.32.16.000 16.0 0.333 170.78 0661 2.26

Start Time Duration

2008-143:15.00.08.000 8.0 0.338 16763 0711 490
2008-143:15.00.18.000 6.0 0.340 39.81 0804 554
2008-143:15.30.44.000 6.0 0.339 17112 0648 4.30
2008-143:15.31.26.000 6.0 0.389 206.73 0.748 5.13

2008-143:15.36.54.000 16.0 0.338 168.00 0822 6.57
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Table 6.3.2. Infrasound detections on the ARCES microbarographs, 22 May 2008

. . App. vel. | Back-azi, | Rel. | SNR
Start Time Duration (km/s) (deg) Power | (dB)
2008-143:15.42.40.000 6.0 0.338 263.95 0.804 7.17

2008-143:15.44.44.000 34.0 0.342 17142 0.800 4.81
2008-143:15.45.24.000 24.0 0.343 17207 0713 -1.15
2008-143:15.48.08.000 10.0 0.335 26399 0.862 7.36
2008-143:15.49.00.000 320 0.344 19898 0.740 198
2008-143:15.50.00.000  126.0 0.340 197.09 0917 15.68
2008-143:16.01.42.000 28.0 0.343 17049 0848 9.72
2008-143:16.03.44.000 8.0 0.334 169.70 0.732 4.04
2008-143:16.43.52.000 6.0 0.325 86.27 0961 39.90
2008-143:16.44.02.000 42.0 0.342 85.88 0.935 38.25
2008-143:16.45.00.000 30.0 0.319 92.12 0781 751
2008-143:17.05.50.000 18.0 0.333 182.80 0.900 856
2008-143:18.42.02.000 16.0 0.326 101.30 0.784 592
2008-143:18.45.54.000 12.0 0.329 10494 0.809 6.52
2008-143:19.09.00.000 10.0 0.333 16836 0853 8.33
2008-143:20.30.56.000 22.0 0.340 14919 0.753 515
2008-143:20.31.32.000 72.0 0.334 14881 0889 1240
2008-143:21.14.10.000 10.0 0.334 23427 0721 454

Figure 6.3.14 shows more details about the infrasound detections at the ARCES seismic sensor
for thetimeinterval 10:00 - 11:00 on 22 May 2008. The two detections at 10:06 have very sim-
ilar back-azimuths (166 degrees) and apparent velocities (0.337 km/s), and are most likely
attributed to the same signal.

The detections at the three ARCES microbarographs for the 10:00 - 11:00 time interval are
shown in Figure 6.3.15. The five infrasound detections within the time interval 10:03 - 10:08
have al similar back-azimuths (165-167 degrees) and apparent velocities (0.334-0.348 km/s).
The corresponding waveforms are shown in Figure 6.3.16, where the timeintervals of the infra-
sound detections are highlighted red. The waveforms plot clearly show that the declared detec-
tions correspond to separate infrasound signal pulses. The group of three infrasound detections
between 10:30 and 10:35 show the same type of characteristics with separate signal pulses hav-
ing similar back azimuths (201 degrees) and apparent velocities (0.338 - 0.343 km/s).

The microbarograph waveform plot of Figure 6.3.16 show several instances where one of the
sensors has anomal ous amplitudes. However, the previously described method for identifying
such instances efficiently prevent any infrasound detections within such time intervals.
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Figure 6.3.14. Processing results from continuous slowness analysis of the ARCES A- and B-ring
seismic sensorsfor 10:00 - 11:00 GMT on 22 May 2008. The red points represent slowness
estimates from candidate infrasound signals. See caption of Figure 6.3.12 for details.
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Figure 6.3.15. Processing results from continuous slowness analysis of the three ARCES
microbarograph sensorsfor 10:00 -11:00 on 22 May 2008. The red points represent slow-
ness estimates from candidate infrasound signals. See caption of Figure 6.3.13 for details.
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Figure 6.3.16. ARCES microbarograph data for the timeinterval 10:00 -11:00 on 22 May 2008,
bandpass filtered between 2.0 and 5.0 Hz. Time intervals with infrasound signal detections
(see Table 6.3.2) are shown red.

Figure 6.3.17 shows the infrasound processing results for the ARCES seismic sensors for the
timeinterval 16:00 - 17:00 on 22 May 2008. During thistime interval thereis only one detec-
tion at 16:43:50, corresponding to the infrasound signals from the Russian explosion site previ-
ously described in this paper. The corresponding processing results and waveform plot for the
three ARCES microbarographs are shown in Figures 18 and 19.

Asafinal example, we show in Figures 20 and 21 infrasound processing results and waveform
plot at the ARCES microbarographs for the time interval 05:00 - 06:00 on 22 May 2008. Seven
infrasound detections are found during this time interval, having durations ranging from 8 to
104 seconds. All detections show similar back-azimuths (170 - 173 degrees) and typical sound
velocities (0.34 km/s), indicating a common source for these signals. No infrasound detections
at the seismic sensors are found during this time interval.
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Figure 6.3.17. Processing results from continuous slowness analysis of the ARCES A- and B-ring
seismic sensorsfor 16:00 - 17:00 GMT on 22 May 2008. The red points represent slowness
estimates from candidate infrasound signals. See caption of Figure 6.3.12 for details.
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Figure 6.3.18. Processing results from continuous slowness analysis of the three ARCES
microbarograph sensorsfor 16:00 -17:00 on 22 May 2008. The red points represent slow-
ness estimates from candidate infrasound signals. See caption of Figure 6.3.13 for details.
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Figure 6.3.19. ARCES microbarograph data for the time interval 16:00 -17:00 on 22 May 2008,
bandpass filtered between 2.0 and 5.0 Hz. Time intervals with infrasound signal detections
(see Table 6.3.2) are shown red.
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Figure 6.3.20. Processing results from continuous slowness analysis of the three ARCES
microbarograph sensors for 05:00 -06:00 on 22 May 2008. The red points represent slow-
ness estimates from candidate infrasound signals. See caption of Figure 6.3.13 for details.
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Figure 6.3.21. ARCES microbarograph data for the timeinterval 05:00 -06:00 on 22 May 2008,
bandpass filtered between 2.0 and 5.0 Hz. Time intervals with infrasound signal detections
(see Table 6.3.2) are shown red.

We have demonstrated that an infrasound signal detector based on continuous slowness analy-
sisis applicable both to the seismometer and microbarograph data at the ARCES array. To
avoid spurious detections at the microbarographs, additional constraints had to put on the SNR
of the signals. Data quality checks were introduced to discard instances where sensors show
anomal ous amplitudes. A much larger number of detections are found on the microbarograph
data, clearly illustrating the improved sensitivity to infrasound signals as compared to record-
Ings at the seismic sensors.

In parallel with this study, we have processed the same data set using cross-correlation tech-
niques (Gibbons et al., 2007) combined with the detection statistic of Brown et a. (2002).
These results are comparabl e to those presented in this study, but a detailed comparison will
require further work concerning setting of window and filter parameters, threshold setting and
data quality control.

For the time interval April - June 2008 we have also processed the infrasound data from A pat-
ity, aswell as from the stations of the Swedish Infrasound Network using the method described
above. A natural next step isto combine the signal detections from this dense network of six
infrasound stations in Northern Europe to obtain information about the infrasound sources.
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