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ABSTRACT .

This report presents a geophysical ©valuation of
the short-period LASA/SAAC system as it operated during
1971.

The system operates in two parts. The Detection
Processor (DP) performs data acquisition and signal
detection in an on-line computer. Throughout 1971 DP
operated with a detection threshold of 10 db signal/
noise ratio where the signal measurements are equivalent
to zero to peak, and noise measurements are 28.8 second
averages of filtered beams. The average DP detection rate

was 450 signals per day.

The Event Processor (EP) analyzes signals in an
off-line computer to recognize true signals and false
alarms and to extract event parameters, refire locations,
and publish an earthquake bulletin. Throughout the last
8 months of 1971 EP operated with a threshold of 14 db
signal/noise ratio. The average daily rate of signals

analyzed by EP was only a third of those detected by DP,.

As programmed in 1971 the system requires analyst

editing. Of the daily average of 56 events acceptable to
EP, only 24 were acceptable to the analysts editing EP

outputs on the display console. The main categories of



EP events misidentified as teleseisms and rejected by the
analysts were non-teleseismic events, side lobe detections

on teleseismic beams, and weak or misaligned signals.

At the parameter settings used during 1971, for
all events within 30° to 85° epicentral distance of
LASA, discrete recurrence curves indicate that LASA/
SAAC detected 90% at magnitude 3.8. Cumulative recur-
rence curves indicate that LASA/SAAC 90% of all events
greater than magnitude 3.7 within 30° to 85° epicentral

distance.
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I. INTRODUCTION

The purpose of this report is to bring up to date
the geophysical evaluation of the short-period LASA/
SAAC system1 described in SAAC Report No. 1 (Dean et al.,
1971). The SAAC automatic data acquisition and processing
programs, known as the Integrated Seismic Research Signal
Processing System (ISRSPS), were developed by the IBM
Federal Systems Division under ARPA contracts Fl96284
67-C-0198 and F19628-68-C-0400. This report covers the
routine operation of the ISRSPS programs and :he LASA
Daily Summary (earthquake bulletin) from February 1,
1971 through December 31, 1971.

The ISRSPS system operates in two parts: the
Detection Processor (DP) performs <ata acquisition and
signal detection; the Event Processor (EP) is designed
to recognize true signals and false alarms and to
extract event parameters, refine locations, and publish
an earthquake bulletin. The Event Processor is programmed
to work either in an automated mode in which the computer
analyzes events and publishes the bulletin without help
from a seismological analyst, or to act as an aide to

the inalyst who can edit the event processing on a

1The evaluation of the long-period system is discussed in
SAAC Reports No. 4 (Mack, 1971) and No. 6 (Mack, 1972).
The SAAC equipment evaluation is discussed in SAAC Report
No. 7 (McCoy, 1971).




display console. Throughout 1971 (1 February through

31 December) we have always operated the SAAC/LASA system
with analyst editing. 1n this way we can compare both the
automated system performance (what DP and EP provide

the anulyst for editing) with the system performance

using analyst editing.



II. OPERATIONAL PARAMETERS

In addition to data acquisition and recording, the
Detection Processor (DP) performs the following functions:
l. subarray beamforming in the SPS (IBM Special Processing

System 4103); j
2, filtering in the SPS;

3. array beamforming in the IBM 360/40A;

4. short-time averaging (STA) in the IBM 360/40A to
measure signal plus noise enerqy;

5. long-time averaging (LTA) in the IBM 360/40A to

measure noise background;

6. signal-to-noise ratio thresholding by using STA/LTA,
and checking spacial coherency of signal arrivals in
the IBM 360/40A.

Fror. 1 February through 31 December 1971, we oper-
ated SAAC full time and published a full-time earthquake
bulletin (LASA Daily Summary), except for periods of
equipment failures and preventive maintenance. The DP
system parameters during this period were as follows:

l. The subarray beamforming is described in SAAC Report

No. 1 (Dean, et al., 1971). We did not change these

parameters throughout 1971.

2. The filtering of subarray beams uses a three-pole

recursive Butterworth filter with pass band of 0.9 to
to 1.4 Hz as described in SAAC Report No. 1 (Dean,

et al., 1971). We did not change these filter
parameters throughout 1971.

-3=-




3.

Array beamforming is done in two partitions. 1In
Partition I there are 300 fine beams composed of

17 subarray beams consisting of the A-ring through
the E-ring at LASA. 1In Partition II there are 299
coarse beams composed of 9 subarray beams, A-ring
through the C-ring at LASA. Beam Set No. 133 deploys
the 300 fine beams into the active seismic regions
and known test sites, most of which are 30° to 100°
from LASA. Beam Set No. 140 deploys 299 coarse
beams (uniformly in U-space) over the entire world

in view of ASA (20o to 1800). Throughout 1971 we
have used Beam Set No. 133 for Partition I and Beam
Set No. 140 for Partition II (for beam set specifi-
cations see IBM ISRSPS Reference Manual 1135, Section
6-19. ‘For maps of Beam Sets 133 and 140 see
Appendix II, SAAC Report No. 1, Lean, et al., 1971).
Short-time averaging (STA) is a recursive low pass
filtering of rectified beam outputs. Averages of the
rectified beam outputs are computed over 1.8 seconds
of beam data traces and up-dated every 0.6 seconds
(see SAAC Report No. 1, pages 1l & 12, Dean, et al.,
1971) . Throughout 1971 we have made no changes to
the STA parameters.

Long-time averaging (LTA) is a recursive low pass
filtering of rectified beam outputs. Averages of

the recitifed beam outputs are computed by a filter

with an exponential time constant of 28.8 seconds



| _
(see: SAAC Report No. 1, page 12, Dean, et al., 1971).
Throughout 1971 we have made no changes to the LTA

parameters., L '

The detection of signal is based on two criter;a; 1
spatial coherency and signal-to-noise threéhold.
The test is performed at 0.6 second rate. When STA
is computed at this rate, the beam wikh maximum STA
is also selected. The signal detection must satisfy: |
(a) at least P beams of max ‘STA must lie within k . , ;
rings of beams with center at the beam of highest‘
max STA. (b) the STA/LTA must exceedlthe‘thresholQ
of T db Q times out of Q' consecutive tests inlat
! :

least one of these beams that satisfy (a).

We have maintained T at 10 db; k= 2 rings and'Q,
Q' at 3 throughout the year. The:spatial coherency

]
condition, P, was set to 3 in January and the first
| |

three weeks of February 1971 but was changed to 4

on February 23, 1971, and remained the same throughout

. . |

. . I IR 1
|

the rest of the year.

Note that signal-to-noise ratio as indicated in this |
report is actually STA/LTA, which is the ratio of mean i

amplitudes of signal and noise respectively.




! III. ' DP STATISTICS

1 ] ¢ '
: i

. As reported in SAAC Leport No. 1 (pages 14 and 15,
hean, et et al., 1971),lthe average dally detectlon rate
was 1129 i 160 when operating under 3 out of 3 detectlon
logic. Under 4 out of 4 the rate dropped to 558 s1gnals'
per day with a standard dev1atlon of 59. These flgures
represent both partitions and 1nc1ude double 1ist1ngs of’
most 51gnals. Most events listed in the LASA Daily

't

Summary (97%) are detected w1th the strongest s1gna14to

'n01se ratlos on the f1ne beam set (Partltlon I, 300 beams

using A- to E-ring subarrays) Thus a truer p1cture of
the LAS A/SAAC detections is obtaaned from Partltlon I
results alone. F1gure 1 shows the daily Partltlon I
detections versus days of the year. Table I shows that .
the average ddily detection rate in Partition I (days with
no detectlons due, to equipment fa11ure om1tted) was' ‘close

to 230 throughout 1971.

The number of 51gnais detected decreases rap1d1y as
the s1gna1-to-n01se ratio increases. Flgure 2 shows
the cumulat1ve number of detectlons greater than a given
signal-to-noise ratio when the DP threshold is set at
10 db. F1gure 2 is derived from all detectlons recorded |
on Partition I between 1 May and 31 December 1971. |
Slightly less than Bé% of thé-detections recorded hy

'
!

DP will be processed with an EP threshold of 14 db

1 1
I \
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(signal/noise ratio of 5/1) and 20% will be processed

with an EP threshold of 16 db (signal/noise ratio of
6.3/1).



IV. EP STATISTICS

The Event Processor (EP) analyzes all detections
listed by DP which exceed the EP threshold. As we have
operated SAAC in 1971, there are two types of reductions
to the liét of DP detections. The first is performed

automatically by the computer, while the second is

performed by the analysts editing the EP list of events

which has been accepted by the computer.

The history of the computer automatic detection log
reduction for the months of June through December 1971
is shown in Table II. During this time period the DP
and EP system paramters were held fixed whereas system
changes in the operating parameters had occurred prc\aviously.
A complete table of detection log reduction for individual
months as well as the time period for February through
May 1971 is given in the appendix. The biggest reduction L
of signals to be processed occurred by setting the EP
threshold at 14 db, 4 db above the DP detection threshold.
Approximately two-thirds of all signals were rejected by
this threshold setting. These signals were not lost to
our analysts however, since we éan analyze on reruns
any signal above a 10 db threshold and below a 14 db

threshold which was missed by our routine processing.
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In the EP computer analysis the major causes of
signal rejection include duplicate deteétions.ana later
phases. DP does not recognize that the fine beém set
using 17 subarrays and the coarse be;m set using 9 sub-
arrays monitor overlapping regions. Many signals detected
on both partitions are listed twice as indePendent
signals. EP recognizes that these duplicate detections ‘
come from the same signal source and Fejects the one

with the lower signal-to-noise ratio.

EP recognizes subsequent detections on éhe saﬁe beam
(i.e. same position in velocity space) &ithin 30 seconds
of a previous detection as later phases of the same eveﬁt.
Of the 34% of DP detections greater than 14 db, the
computer rejected 8% as duplicate detections and lb%

as later phases leaving only 16% as bona fide events.

From this point the detection ‘log reduction continues
via analyst editing. Table III shows the history of'
analyst editing for the period June through December 1971.
Of the total number of signals accepted by EP, the anaiysfs _
approved roughly 37% and reported them in the LASA Daily |
Summary. The main categories of EP events rejected by ' |
the analysts included non-teleseismic events (16%), side
lobe detections (17%), and weak or mis-aligned signals'
(10%) . ,

ll=




Period Covered: June through December 1971

Signals  to bé analyzed from EP 13594 100%
lCombuter Malfunctions : 196 1.4%
Velocity Failures (greater than 1446 10.6%
- 25 km/sec) ' ‘
EP System Events | 11952 87.9%
!
Analys§¥Eaitin§
EQents not‘reviewed, lack of 0 0.0
time ‘ o
Nén—teleseismic Actibity 2152 15.8%
Side Lobe Detections ’ 12276 16.8%
Later Phases ' | 338 2,5%
Data Drobouts : 419 3.1%
Weak‘or M;saligned Signéls' 1349 9.9%%
! ' ———
. = . | 6534 48.1%
SPmmaiylEvents : | 4652 34.2%
Rerun Summary Events i 131 1.0%
" Extended Proce;sing E;ents 545
Failed 271
Other 28
Added to Summary (net) l | 246 1.8%
Double Events ' , : | 35 0.3%
Events Reported on LASA Daily Svmmary 5064 37.3%

‘ " Table III. Detection Log Reductions
' via Analyst Editing

1 ' '12'
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Figure 3 shows the number of EP events accepted by
che computer as a function of the signal-to-noise ratio
measured by DP. The period covered is 1 May through
31 December 1971. Figure 3 represents a histogram of
the number of events within each interval of 0.1 in
signal-to-noise ratio. However, the first interval
(5.028/N25.1) is actually less than 0.1 since the EP
threshold of 14 db defines the minimum signal-to-noise
ratio as 5.012 rather than 5.0. As a result, the
number of events ir the first interval is smaller than
expected. Figure 4 shows these same data plotted in

cumulative form.

Figure 5 shows the EP events on Partition I accepted
by the computer as a function of day of the year May 1
through December 31. This same figure shows the average
noise levels for that day associated with these events
plotted vs. day of the year. The few days of large
signal activity also show a large increase in noise level.
This effect is caused by noise measurements (LTA's) being
taken in the coda of previous events. On days of normal
seismic activity, the general trends of these two curves
on Figure 5 show an inverse correlation between the number
of events and the noise level. Dur...y the fall and winter
months the average noise level at LASA increases and a
corresponding decrease occurs in the EP events accepted

by the computer.

-13-
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Another view of the correlation between noise and
detection rates is shown in figu;e 6. There hourly
rates for DP detection, noise, and EP events éyeraged
over four months in the summer and again over four months
in the fall and winter are plotted versus hour of the
day at LASA (Montana time). These curves show that éhe
noise at LASA is higher during the daylight hours. Also:
DP detections are higher at night when the noise level
is lower. The rate of EP events does not correlate ‘
well with the noise except for one feature. -Inzthe
late afternoon, both in winter and shmmer, the noise !
level, the DP detection rate, and the EP:evenps all .
show a marked increase. This seishic‘activity is due’
to quarry blasts in the Montana regioﬁ which are
traditionally conducted in the late afternoon hours. )
Since the LASA/SAAC system is ‘not programmed to‘recognize
local events, EP will often mis-assign these signals |
to some teleseismic beams via side 'lobe detections,
These local events are recognized as such and rgjectea’

by the analysts.

-14- Q-
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V.- RECURRENCE CURVES FOR LASA/SAAC

The events reported on the LASA Daily Summary

-include only those which were accepted by EP and were

not rejeqted by the analysts. The number of these events
reported in 1971 versus day of the Year are shown in

the histogram on Figure 7. Using these 6944 events we
gain some estimate of the LPSA/SAAC threshold as it
operated during 1971 from the recurrence curves in the

following figures.

The cumulative and discrete recurrence curves

(number versus body wave magnitude mb) for all 6944

events listed during 1971 is shown in Figure 8. For
events from all distances the discrete curve falls to

90% of its trend line at an ™ of approximately 4.1.

The cumulative curve falls to 90% of its trend line

near an m of 3.8. Both curves have three-point smoothing

applied.

The recurrence curves for the limited teleseismic
range of 30° to 85° are shown in Figure 9. Again, three-
point smoothing has been applied. The 90% threshold
for the discrete curve is near an m of 3.8 and the 90%

threshold for the cumulative is near 3.7. These resulcs

of 4884 events from 1 February to 31 December 1971 do
not differ appreciably from those of 508 events in the
3d° to 85° range from the month of May (Figure 25, Dean,
et al., 1971).
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The confusion of the B factor (empirical correction)
of body wave magnitude with epicentral distance can be
removed by plotting the recurrence curves versus log
(A/T) instead of versus m directly. Fiqure 10 shows
the cumulative and discrete recurrence curves for all
6944 events listed in the LASA Daily Summary during 1971.
Here the 90% threshold on the discrete curve is near
a log (A/T) value of 0.1 ané the 90% threshold on the
cumulative curve is near a log (A/T) value of 0,0.

Thus the amplitude (zero peak) of signals at the 90%
cumulative threshold of LASA during 1971 was approximately

1.0 millimicrons.

We can see how the LASA/SAAC system improved its
performance throughout 1971 by plotting recurrence
curves for each quarter. Figure 11 shows these results.
The first quarter has only two months of data, February
and March, since the system was being moved and under

checkout and training procedures in January.

During the last half of 1971 we discovered that the
travel time anomalies used on the DP system were not
correct. The correct anomalies were used in EP and
entered onto DP in the same subarray order. However DP
orders the subgrrays differently than EP. Consequently

the travel time anomalies were assigned to the wrong

subarrays. These mis-assigned subarrays will be corrected
in 1972. Hence the system threshold may continue to improve

during the first part of 1972.
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Vi. CONCLUSIONS
' |

A total of 6944 events were listed in the LASA Daily

Summary from 1 February through 31 December 1971. During

!
the first three months we varied the system parameters

(DP detection logic and EP event threshold). From 1

May through 31 December 1971 the system parameters were

held fixed, and a total of 5990 events were listed in
\ . . .

‘the LASA Daily Summaries.’ Primarily based on these

events, we arrived at the following conclusions:

1.

2.

W1th system parameters fixed at 10 db fo: the DP
threshold 14 db' for the EP threshold 3 out of 3
threshold, logic, 4 out of 4 detectlon logic, 300
E-rlng surveillance beams, and 0.9 to 1.4 Hz detection
f11ters, the LASA/SAAC system listed an average of
450 detectlons per day greater than 10 db, 155
detections per day greater than 14 db, 56 events

per day accepted by EP, and 24 events per day accepted
by the analysts and listed iq the LASA Daily Summary.
Of the 5990 LASA Daily Summary Events reported from

1 May througn 31 December 1971, most (81.5%) are

from 30° to'85° from LASA. The LASA threshold falls
rapidly (B factor 1ncreases) for events beyond 85°.
The LASA/SAAC system,has ho programming to recognize
and locate event= much closer than 30° and hence

tends not to report then.




As the LASA/SAAC system is programmed we find that
analyst editing is necessary. Only three of every
seven events acceptable to EP are accepted by the
analysts.

During the latter half of 1971 the two categories

of signals greater than 14 db which were rejected by
EP were velocity failures (10.6%) and computer
malfunctions (1.4%).

The major categories of signals acceptable to EP

but unacceptable to the analysts were non-teleseismic
events (15.8%), side lobe detections (16.7%), and
weak or misaligned signals (9.9%).

The detection level at LASA is inversely proportional
to the noise level. The noise level goes up during
the daylight hours and the detection rate shows a
corresponding decline.

For events within 30° to 85° of LASA, discrete
recurrence curves show that the LASA/SAAC system

as operated in 1971 detects 90% of the evenis at a
magnitude of 3.8. The cumulative recurrerce curves
indicate a 90% threshold at a magnitude of 3.7.

With the distance factor removed, recurrence curves
of signal amplitude (number versus log (A/T) indicate
a discrete 90% threshold at log (A/T) = 0.1 and a
cumulative 90% threshold at log (A/T) = 0.0. Thus
the cumulative 90% threshold for LASA is equivalent

to the B factor (zero-to-peak) curve.
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The SAAC/LASA -system operated through 1971 with the
travel time anomalies applied correctly in EP but
assigned to the wrong subarrays in DP. The mis-
assignment was not discovered and hence not corrected

until after December 31, 1971. After correcting the
DP travel time anomalies the number of signals
rejected as false alarms or misaligned signals and
the detection threshold may gc down from the levels
quoted in this report.
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