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Abstract

A new short-period event detector has been implemented on the 
Seismic Research Observatories. For each signal detected, a printed 
output gives estimates of the time of onset of the signal, direction 
of the first break, quality of onset, period and maximum amplitude 
of the signal, and an estimate of the variability of the background 
noise. On the SRO system, the new algorithm runs ^2.5X faster than 
the former (power level) detector. This increase in speed is due 
to the design of the algorithm: all operations can be performed by 
simple shifts, additions, and comparisons (floating point operations 
are not required). Even though a narrow-band recursive filter is not 
used, the algorithm appears to detect events competitively with those 
algorithms that employ such filters. Tests at Albuquerque Seismological 
Laboratory on data supplied by Blandford suggest performance commensurate 
with the on-line detector of the Seismic Data Analysis Center, 
Alexandria, Virginia.

Key Words: Digital event detector, signal detector, signal analyzer, 
Seismic Research Observatories, SRO, ASRO

INTRODUCTION

The purpose of this report is to describe an event detector that has been 
implemented on the Seismic Research Observatories (SRO) and the Modified High- 
Gain Long-Period Observatories (ASRO). The new detector is an improvement 
over the former one that was described by Unitech (1974, pp. 42-59). 
The former detector, a power level algorithm, employed recursive filters. 
In some instances, these filters exhibited numerical overflow. Also, 
the former detector required a large percentage of the available 
processing time, due to software multiply and divide operations in the 
recursive filters.

The new detector operates on the digital data of the short-period 
vertical channel of each of the SRO and ASRO systems, as did the power 
detector. (The short-period response of the SRO was described by Peterson 
et al. (1976) and the short-period response of the ASRO is similar to the 
SRO response.) The output of the new digital detector is designed to 
emulate the analysis by a human of the short-period SRO helicorder display. 
For each signal detected, this printed output gives estimates of time of 
onset of the signal, direction of the first break, quality of the onset 
and first break determinations, period and maximum amplitude of the signal, 
and an estimate of the variability of the background noise.

The new algorithm has been designed for programming on very elementary 
computers: all operations, including filtering, can be implemented by 
simple additions, shifts, and comparisons. This design has eliminated the 
overflow problem of the former detector and has made available much more 
processing time for other operations.



OVERVIEW OF FLOW OF OPERATIONS

The overview of the flow of the operations is shown by Figure 1 and 
described below. The numerals below correspond to the notation on the flow 
chart (Figure 1).

I. The input time series is filtered. Although any type of filter 
could be employed, we use a simple sum and difference (finite 
impulse response, FIR) bandpass filter on the SRO and ASRO 
systems.

II. Relative maximums and minimums (peaks and troughs) of the filtered 
series are found, and successive peaks and troughs are differenced. 
These differenced values, together with their associated times, are 
the time series (called the P-T series) that is processed by the 
remainder of the detector. Each associated time is for the last 
sample of the subset that defined the P-T value; i.e. for a P-T 
value that defines a trough-to-peak amplitude, the P-T time is 
that of the peak, and for a peak-to-trough amplitude, the P-T time 
is that of the trough.

III. An estimate (s 1 ) of the dispersion (variability) of the P-T series 
is made.

IV. Three thresholds (Thl, Th2, Th3) are calculated. All three are a 
function of s 1 , with Thl>Th2>Th3. Thresholds Thl and Th2 are used 
to detect events, and 1H3 is used to search for onsets of detected 
events.

V. Each new value in the P-T series is compared to Thl and Th2
that (as described above) are related to the dispersion of the P-T 
series. A detection is declared if, in a fixed time window 
(normally 4 sec) one value of the rectified P-T series exceeds Thl 
and two other rectified values exceed Th2, or if m rectified values 
exceed Th2 only (normally m = 4), subject to two restrictions: 
namely, additional processing by two more windows that perform 
quasi-bandpass filtering. These two windows, named Filhi and Fillo, 
are subwindows of the 4-second window, and they are described in the 
next section.

VI. When a detection has been made, Th3 is used to search for the time 
of onset of the signal. The search begins two P-T values before 
the first one that exceeded Th2.

VII. Parameters that describe the signal are estimated and output. These 
include the onset time, the direction of first break, quality of 
onset and first break, average period and maximum amplitude of the 
first 4 cycles of the signal, and s 1 .
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Figure 1. General flow chart of the algorithm. Roman numerals on the left of 
the illustration correspond to those describing the algorithm in the 
text. Routines called are shown on the right of the illustration.



DETAILS OF THE ALGORITHM

Whereas much of the flow of the program can be easily seen from the 
general flow chart (Figure 1) together with the general descriptions, some of 
the procedures need further explanation.

Filtering the Input Data

Both formal and informal filtering are performed. Hie formal filter 
currently used for the SRO is a simple sum and difference filter whose 
response is given in Figure 2. Also shown there is the attenuation of the 
first one-half cycle of a transient sine wave, relative to the steady-state 
response, as a function of frequency; in the band 0.5-2.5 Hz, the first 
break is attenuated a maximum of only 3.7 dB. In contrast a Butterworth 4-pole 
bandpass filter (0.5-2.5 Hz) attenuates the first break by a maximum of 8 dB 
in this band. If microseisms or cultural noise conditions require it, we are 
prepared to implement a narrow-band filter in the detector. However, to 
preserve information on the first break of the signal, we prefer the simple 
filter of Figure 2. Should experience dictate the need for a narrower band­ 
pass filter, or one with a steeper roll-off, we may implement another FIR 
filter with a response as in Figure 3. An FIR filter with this response can 
be implemented with ten coefficients, all of which are integer powers of 2.

The algorithm employs four different types of informal filtering. The 
first is performed in PONE and the remainder are performed in EVENT. As 
described previously, the P-T series is formed from the output of the formal 
band-pass filter. Since the P-T series is made by differencing the successive 
maximums and minimums, forming it attenuates low frequency information. This 
type of informal filtering is exemplified by model data of Figure 4; it 
demonstrates how data in the pass band of the filter (2 Hz) might attenuate 
data of lower frequencies. Second, for a detection to occur, at least three 
values (not necessarily consecutive values) of the rectified P-T series must 
exceed Th2 in the moving time window (typically 4 sec). Thus, for a steady- 
state sine wave, signals having periods longer than 4.0 sec will not be 
detected, regardless of amplitude. Third, successive rectified P-T values 
greater than Th2 (in the 4-sec window) must occur within a subwindow whose 
length is determined by the input parameter Fillo (typically 2 sec). 
Otherwise, if the time between two successive values is greater than Fillo, the 
beginning of the 4-second window will be moved to the position of the last P-T 
value that exceeded Th2. Normally, Fillo is used to fine tune the detector. 
Fourth, when a rectified P-T value exceeds Th2, winnowing for a time 
determined by the parameter Filhi (typically 0.2 sec) is performed: P-T values 
in this small subwindow are not counted towards a detection, regardless of 
their amplitude. In some instances, winnowing is used to reject "ringing" of 
the filter. When used in this manner, the value for Filhi should be greater 
than the time difference between the first minimum and the first maximum of the 
impulse response of the filter (see Figure 5). The rejection of "ringing" is 
useful mainly when Th2 is set to a very small value (i.e. _<1.0xs f where 
typical values are >1.5xs'). Also, winnowing may be used to reject spikes and 
short bursts of cultural noise occasionally found in the input time series.
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Figure 2. Steady-state response of filter Fl together with its response 
to the first one-half cycle of a sine-wave transient. Filter 
equation and coefficients are shown.
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Figure 4. Illustration of informal filtering by differencing. When the P-T 
series is formed, low frequency information (i.e., much lower than 
the center frequency of the filter) is attenuated. The left 
illustration shows the effect of differencing when the input is 
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Figure 5. Impulse response of Fl. False alarms can be reduced by deactivating 
detection (winnowing) long enough to allow passage of the wavelet 
that corresponds to the first minimum of the response (above). 
Winnowing is accomplished by using the input parameter Filhi. Filhi 
defines a short window length, not the corner frequency of a formal 
bandpass filter.



Estimating the Dispersion of the Background Noise and Forming the Thresholds

The dispersion (variability) of the background noise is estimated in two 
routines, PONE and PTWO. In PONE, the rectified P-T values are compared 
to a threshold for the noise, Thx (typically 1.5625xs'). Values less than Thx 
are put into a 20-element array, and when this array is full, PTWO is called. 
PIWO picks the maximum of the 20 rectified values, re-initializes the 20-element 
array, and averages the current maximum value with the 15 previous ones. The 
average value thus obtained is s 1 . For zero-mean normally distributed P-T 
values, s 1 is an estimate of twice the sample standard deviation of the P-T 
values. Examples of the correspondence of s 1 to s (the sample standard 
deviation of the P-T values) are given in Figures 6A-6J. Although there are 
exceptions (Figure 6A), typically the correspondence is approximately linear.

The two thresholds for detecting signals, Thl and Th2, are formed from s 1 
by using factors Xthl and Xth2: Thl = Xthlxs 1 , Th2 = Xth2xs'. The threshold 
for timing the onset Th3 is formed in the same manner: Th3 = Xth3xs'. Values 
for Xthl, Xth2, and Xth3 are selected by the operator; typical values are 
Xthl = 2., Xth2 = 1.5, Xth3 = 1.

Figure 6. The value s 1 plotted as a function of the sample standard deviation, 
s. To avoid running of ink on the plots, only every 16th point was 
plotted. Data for ten stations are shown on the next five pages.

INTERVAL OF ESTIMATE, 1980 
FIGURE STATION DAY HOUR:MINUTE

6A ANMO 288 15:00
289 15:00

6B BCAO 288 06:00
289 06:00

6C CHTO 283 00:00
284 00:00

6D CTAO 279 12:00
280 12:00

6E GUMO 281 00:00
282 00:00

6F GRFO 282 14:00
283 14:00

6G KONO 275 17:00
276 17:00

6H MAJO 282 00:00
283 00:00

61 TATO 285 00:00
286 00:00

6J ZOBO 287 00:00
288 00:00
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Detecting an Event

Events are detected in subroutine EVENT, as described in V. above. This 
subroutine calls two others. One is WBUFF; it writes values into buffers 
when an event is judged possible. The other is IBINGO; it sets flags when an 
event has been declared.

For three rectified P-T values greater than the signal threshold Th2, with 
one of them greater than the signal threshold Thl, the detector may be thought 
of as searching for "Z" (or inverted "Z") shaped wave forms. For four 
rectified values greater than Th2, the detector may be thought of as searching 
for "M" or "W" shaped wave forms. Alternatively, for j rectified P-T values 
(j>4) greater than Th2, the detector may be thought of as searching for 
changes in stationarity of the input process (complicated waveforms are easily 
detected). Figure 7 is a schematic of two signals that fulfill detection 
requirements.

TH 1

L^    4 SEC     >J [«^     4 SEC    >H

Figure 7. Illustration of two signals that meet detection requirements. The 
"Z" waveform on the left shows three P-T values greater than Th2, 
with one of them greater than Thl. The "W" waveform on the right 
shows four P-T values greater than Th2, with all of them less than 
Thl. Although these models show consecutive P-T values greater 
than a threshold, it is important to note that the algorithm does 
not require that the P-T values be consecutive.

14



Estimating Onset and Other Parameters of Signal

When a detection has been made, subroutine ONSETQ is called. The time 

(t4 , Figure 8) a P-T value first exceeded Th2 is available to ONSETQ. To 

estimate the onset of the signal, threshold Th3 (Th3<Th2) is used. The search 

(with Th3) for the onset begins two P-T values before t, (i.e. t2 , Figure 8) 

provided t2 occurs within an appropriate time frame. (The size of the time 

frame is the signal period or 1.0 sec, whichever is greater.) Otherwise, the 

search begins at t,, provided it occurs within the time frame. In the time 

frame, when the P-T value associated with t. (i = 2, 3, 4) exceeds Th3, the 

onset is defined as t. .,, provided t.-t., <0.5 sec; otherwise, the onset 

time is t.-0.5.

RECTIFIED P-T VALUES
THRESHOLDS

Th I 
Th 2

Th 3

i= I 2 3 4 56 

t, (sec)

Figure 8. Timing the onsets of a signal. Six rectified P-T values are shown. 

The first P-T value of the detection happened at time t.. Upon 

detection of the event, the algorithm looked back two P-T values 

before t^ and compared them to Th3. In the illustration, the 

P-T value at t~ exceeded Th3. The onset of the signal is estimated 

as the time of the preceding peak or trough (t-), subject to certain 

restrictions imposed by time windows (see text).

15



Routine ONSETQ calls ONSET, a routine that estimates the quality of the 
onset, its polarity, and both maximum amplitude and average period of the 
signal (first eight P-T values). (Only a preliminary estimate of signal 
period was made in ONSETQ.) Traditionally, an analyst has expressed the 
quality of his pick purely qualitatively as e_ or i^, depending upon whether 
the signal onset is judged emergent or impulsive. We have provided a more 
quantitative estimate of the quality of signal onset. The estimate relates 
to the signal-to-noise ratio (SNR) of the amplitude of the onset: the SNR 
is the rectified amplitude (P-T value C, Figure 9) divided by s f , rounded to 
the nearest integer, and truncated at nine (if necessary). The SNR of each 
of the two rectified P-T values before the onset (A and B, Figure 9) and the 
SNR of each of the two rectified P-T values after the onset (D and E, Figure 9) 
are calculated in the same manner. The quality of the onset is expressed as 
these five integers (see Figure 9).

SNR Series = S' S' S'
_D. 
S' S'

0, 1, 1, 1,2

S'

ONSET

Figure 9. Illustration of what the SNR series means. In this illustration, 
P-T value C exceeds Th3, D exceeds Th2, and E exceeds Thl. Value 
A/s f is <0.5 and hence is rounded to 0.
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The best possible quality would be expressed as 00999 and a poor one might 
be expressed as 11111, where the SNR of the estimated onset is the third integer 
in the series of five. The quality numbers are useful (1) to evaluate 
statistically the quality of the estimated onset by the relationship of each 
digit to s' (s is related to s' by Figure 6) and (2) as a quantification of 
the amplitudes of the onset of the signal (the last three quality numbers 
quantify the first three P-T values of the detected signal).

ONSET outputs parameters of the detection, as shown in the example below.

C 1 00125 2 360 00 36 40.62 0.432E+05 .52 0.8235E+04 

where

C is the polarity of the first break (C or D)

1 is the number of P-T values looked back, relative to t. (0, 1, or 2)

00125 is the SNR series (the quality numbers)

2 360 00 36 40.62 is the time of onset (yr, day, hr, min, sec)

0.432E+05 is the maximum amplitude of the first 8 P-T values (counts)

0.52 is the average period of the first 8 P-T values (sec)

0.8235E+04 is s' (counts)

Using the Detector to Activate Recording of a Detected Event

Typically, the event detector is used in an operational recording system 
(like the SRO) to initiate the recording of short-period (SP) data on tape and 
to output detection messages by a printer. When this is done, it is necessary 
to disable the detector for a short time upon the detection of an event to 
prevent excessive additional detections immediately after the first one. It 
is also necessary to decrease the sensitivity of the detector (increase the 
thresholds) to prevent immediate re-triggers in the coda of events, where the 
P-T values are likely to be somewhat larger than those before the event. 
However, it is not desirable to disable new detections for too long a time or 
to raise detection thresholds too high, for fear of missing the onsets of 
significant new events.

As implemented in the SRO system, the algorithm instructs the SP tape 
write subroutine to write at least 196 seconds of SP data on tape, including a 
minimum of 20 to a maximum of 49 seconds of pre-onset data (depending on the 
amount of data in the SP buffer, which is partially flushed out periodically). 
The thresholds Thl, Th2, and Th3 are doubled (in ONSET) and event detection 
capability is disabled until a minimum of 49 to a maximum of 78 seconds of 
data after the onset have been recorded on tape. The detector is then 
re-enabled, so that new detections using the raised thresholds are possible 
during the recording of the last 98 seconds of data. Each additional detection 
during the recording of data on tape will cause the thresholds to again be 
doubled, and 196 seconds of data after the latest detection to be recorded. As 
the final 98 seconds of data are being recorded, PTWO calculates new estimates 
of s'. Hence, by the time recording on tape ceases, distinct new signals 
larger than the post-event background can be detected by using the post-event 
estimate of s'.

17



EXPERIENCE IN TUNING THE DETECTOR 

Experience with our Model Data

The processing of models of seismic data is useful to describe the 
performance of a detector under idealized conditions. In particular, the 
models are useful for estimating false alarm rates when event-free time series 
are processed. To construct the event-free time series, we (1) selected four 
hours of short-period data (station GRFO) that did not display any events and 
(2) summed this series with itself 10 times, each time shifting the original 
by ix49 sec (i = 1, 2, 3...10). Thus, if any unseen signals were in the 
original series, they were significantly attenuated in the sum. The auto­ 
correlation for the sum series (Figure 10) demonstrates the absence of strong 
periodic properties, and the probability density estimate for the series 
(Figure 11) appears approximately normal. To describe the dispersion of the 
filtered (Fl) 4-hour P-T series, each P-T value of the filtered series has 
been rectified and normalized by dividing it by the associated value of the 
estimate of s (s'/2). The cumulative distribution of these P-T values is 
shown in Figure 12. There are an average of 3.6 P-T values/sec.

The model time series (sum series, above) has been used to demonstrate 
the false alarm rate for different settings of the parameters. To summarize, 
there are five sets of major parameters that may be varied to tune the 
detector:

1. Threshold factors Xthl, Xth2, and Xth3

2. Window length.

3. Filhi and Fillo, these are lengths of subwindows of the window length,

4. Number of P-T values, greater than the thresholds, that are required 
for detection. There are two subalgorithms here: Subalgorithm 1 
declares a detection if one P-T value is greater than Thl and any two 
other P-T values are greater than Th2; subalgorithm 2 declares a 
detection if any j (j>m) rectified P-T values are greater than Th2 
but are less than Thl. Generally m>4.

5. Filter type. Fl (Figure 2) was used for the tests.

18
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For Figure 13, parameters varied are Xthl, Xth2, and m. The window 
length (4 sec), Filhi (0.2 sec), Fillo (2 sec), and Xth3 (1.0) are held 
constant. For two values of m (4 and 6), Figure 13 shows false alarms as a 
function of Xthl and Xth2, and for each value of the variables, two false 
alarm rates are shown. One (the upper one) is for subalgorithm 1 and the 
other (the lower one) is for subalgorithm 2. For instance, for m = 4, Xthl = 2, 
Xth2 =1.0 (Figure 13), there are 1.0 FA/hr due to subalgorithm 1 and 9.2 FA/hr 
due to subalgorithm 2. For m = 6, the same settings of the thresholds produce 
only 0.8 FA/hr 1, all due to subalgorithm 1. Thus, increasing the number of 
cycles required for the detection (m = 4 corresponds to two cycles and m = 6 
corresponds to three cycles, steady state) significantly reduces the false 
alarm rate. The illustration demonstrates that the most pronounced difference 
in the rates (i.e., those for m = 4 vs those for m = 6) is for the large 
values of Xthl paired with the small values of Xth2, as one might expect.

Although they can be employed to produce large changes in the false 
alarm rate, the subwindows Filhi and Fillo normally fine tune the detector. 
The value of the subwindows is important (in reducing false alarms) mainly when 
small values of Xth2 are employed. This is demonstrated in Figure 14: For 
Xth2 =1.0, changing Filhi from 0.1 sec to 0.5 sec does not appreciably reduce 
the false alarm rate; however, for Xth2 =0.8, changing Filhi as above reduces 
the false alarms by about 20% for m = 4 and substantially for m = 6. Changing 
the value of subwindow Fillo affects the false alarm rate somewhat more 
substantially, as demonstrated by Figure 15 where the false alarm rates are 
displayed for Fillo =1.0 sec to 4 sec in 0.5 sec increments. For both 
values of m and for the larger value of Xth2 (1.3), reducing Fillo from 4.0 
sec to 1.0 sec decreases the false alarm rates by about 501, and for the 
smaller values of Xth2, there is a much larger reduction. However, there is 
a price associated with the reduction in the false alarms. For Filhi, 
increasing it to too large a value likely will cause high frequency signals of 
about 1-2 cycles of duration to be missed. For Fillo, decreasing it to too 
small a value likely will cause onsets of emergent events to be timed late and 
small emergent signals to be missed altogether.

The data of Figures 13, 14, and 15 have been used to demonstrate the false 
alarm rates when artificial noise is input to the algorithm. How well the 
values of Figures 13, 14, and 15 estimate false alarm rates for other filtered 
(Fl) series very likely will depend largely on the correspondence between the 
distributions of their normalized P-T series to that of the artificial noise 
and on the correspondences of the average number of P-T values per unit time.

-Differences between experimental measurements of 0.2-0.3 FA/hr translate to 
1 FA in the 4-hr sample. One likely source of this small variation is the 
start-up of processing. Another likely source is a small increase in s f 
caused by including values in its estimate (for m = 6) that were declared 
signals for m = 4.
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100,

XTH2=0.8

m=4

XTH2=1.0
   <

0.0
I 

FILHI (SEC) 0.5

20

FILHI (SEC)
0.5

Figure 14. The effect of changing Filhi. Two different settings of Xth2 
are shown. The filter is Fl, Win = 4.0 sec, Fillo = 2.0 sec, 
Xthl =1.8. The illustration on the left shows results for 
m = 4 (4 P-T values greater than Th2), and the one on the 
right shows results for m = 6.

0.0
FILLO (SEC) 4.0 0.0

FILLO (SEC)
4.0

Figure 15. The effect of changing Fillo. Various different settings of 
Xth2 are shown. The filter is Fl, Win = 4.0 sec, Filhi = 0.2 
sec, Xthl = 1.8. The illustration on the left shows results 
for m = 4 (4 P-T values greater than Th2), and the one on the 
right shows results for m = 6.
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Experience with Blandford ! s Model Data

All references in this section are of the report, Blandford et al., 1981. 
Blandford and his coworkers generated two sets of model data. One was con­ 
structed from real seismic data recorded at Pinedale, Wyoming and the other was 
constructed from the same type of data recorded at NORSAR. The results 
reported here are for the Pinedale data (20 sps), we have not yet processed 
the NORSAR data (10 sps). The method of constructing the artificial noise 
was described in their report (1981, p. II-2).

A 4096 point data window is read in and checked for signals 
and data dropouts. If there are none, then the data are 5% cosine 
tapered, Fourier transformed, the phase at each frequency is 
assigned randomly, and the data are transformed back to the time 
domain. Then the noise is tapered with a full 50% taper and added 
to the previous window (which has also been tapered) with a 50% 
offset. Because the sum of the two 50% tapers does not yield a 
constant root-mean-square amplitude this fact is corrected for by 
multiplying the summed time series by an analytical function of 
time. The successive overlapped portions are read out to the 
final noise tape leading to a continuous random noise field whose 
spectrum and amplitude vary smoothly as does the true noise field.

The next step in the process is to add in the signals...

Thirty-one signals recorded at Pinedale were added to the noise in the 
following manner by them (1981, p. HI-2).

The signal windows are two minutes long and the P starts were 
centered in the window. Thus, there is one minute of noise in 
front. The signal windows were tapered with a 25% cosine taper to 
avoid abrupt starts and stops, then added to the noise. Each 
signal was added to the noise four times, first with the maximum 
equal to 1/2 the raw amplitude maximum in the 10 minute window, 
and then, at 1/4, 1/8 and 1/16 the amplitude. Thus, with the 31 
signals...there are a total of 4x31 = 124 10-minute (12000 
points) windows. In each window a signal begins at the 9th minute 
(point 10800). The data are continuous from window to window.

These data were processed with a number of different algorithms by them and 
others (1981). A detection was scored if a trigger occurred within 30 sec 
after the signal had been added (1981, p. II-3).

To enable analyzing the different algorithms on an equal basis, they 
(1981) devised a scheme to produce comparability by using a reference level. 
First, they (1981, p. 12) calculated the false alarm rate (FA/hr) and the 
"corrected number of detections."
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A corrected number of detections is...determined by subtracting an 
estimate of the number of detections which are probably false 
alarms. This is determined approximately as the false alarm rate 
times the total signal windows in which a detection is not 
expected to occur. These signal windows are taken to be those 
in the 3rd and 4th S/N level, plus 1/2 of those in the 2nd S/N 
level.

There are a total of 124 windows and each signal window is (0.5/60) hours; and, 
as explained above, they assume that there are no detectable signals in (2.5/4) 
of the windows. Thus the number of detections that are probably false alarms 
is (2.5/4)xl24x(0.5/60)xFA/hr (1981, p. 12). To produce comparability 
they subtract 46 events from the "corrected number of events", where 46 is the 
number of events they would expect to detect (all of those of the 1/2 amplitude 
level plus one-half those of the 1/4 amplitude level). In comparing two 
different detectors at a given false alarm rate, if detector A detected all of 
the events 6 dB lower than the other (B), Blandford and his coworkers would 
consider detector A 0.3 mb more sensitive than B. Because there are <50 
signals in each 6 dB (0.3 mb) level, if detector C detected one more event 
than A, they would consider C 0.01 mb (0.3/30 = .01) more sensitive than A 
(see 1981, p. 13). They plot the log of the false alarm rate as a function of 
this relative magnitude (see Figure 16 where an abstract of their Figure 1 is 
displayed).

Table 1 shows the results of processing the Blandford data with our 
routine ("ASL on line") detector. (It is essentially the detector that was 
implemented with filter Fl on the SRO and ASRO stations, May 3, 1983.) The 
table displays the effect of changing values for the parameters Filhi, Fillo, 
Xthl, and Xth2. Whereas small changes in Xthl or Xth2 can significantly affect 
the operation of the detector (as was demonstrated in the previous section), 
small changes in Filhi or Fillo affect the operation only moderately.

For Filhi =0.2 sec and Fillo =2.0 sec (typical operational settings) 
Figure 17 shows the performance of our detector compared with that of the 
Seismic Data Analysis Center (SDAC), Alexandria, Virginia; the SDAC 
detector is implemented with a 6-pole 1-2 Hz band-pass filter. The performance 
of these two detectors is very similar. This correspondence demonstrates that 
our detector, implemented with a simple sum and difference filter (Figure 2), 
can compete successfully with a detector that uses a sharp band-pass filter. 
Also, the performance of two analysts (Blandford et al., 1981) is shown in 
Figure 17. The performance of the detectors seems approximately the same as 
that of the two humans. Thus, for the false alarm rates tested, the detectors 
appear to be competing successfully with the humans.

Run 7 (Table 1) is for operational settings of the detector; the run gave 
one false alarm (vLFA/day). To demonstrate again the performance of the 
detector, Figure ISA shows representative examples of events detected on Run 7 
and Figure 18B shows representative examples of the largest events not detected 
on this run. On each illustration, four sets of two traces are shown; the 
upper trace of each set is the data supplied by Blandford, and the lower trace 
is the same data filtered by Fl. For the events detected, the output onset 
time and direction of first break are indicated. Normally, if we are able to 
pick the onset of detected events with confidence, approximately the same onset 
is picked by the algorithm.

25



loo.o c r

10.0

1.0

OIK
LEGEND

® SDAC ON LINE
©W WALSH
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FILTER TRAILS
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RELATIVE MAGNITUDE THRESHOLD

Figure 16. A generalization of Figure 1 of Blandford et al. (1981), showing 
the results of experiments that used a single filter for all of 
the signals, as opposed to a different filter for each signal. 
At a given false alarm rate, better detector performance is for 
the larger relative magnitude values.
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UN

1

2

3

Filhi 
Sec

0.1

0.2

0.3

Fillo 
Sec

2.0

2.0

2.0

Xthl

1.7

1.7

1.7

Xth2

1.0

1.0

1.0

Win 
Sec

4.0

4.0

4.0

Total 
Events

56

56

52

False 
Alarms

281

258

205

False 
Alarms/hr

14.31

13.14

10.44

Corr. 
Events

47

48

45

4

5

6

0.1

0.2

0.3

2.0

2.0

2.0

1.75

1.75

1.75

1.1

1.1

1.1

4.0

4.0

4.0

40

39

37

68

68

53

3.46

3.46

2.70

38

37

35

7

8

9

0.2

0.2

0.2

2.0

2.0

2.0

2.0

1.75

1.75

1.5

1.25

1.375

4.0

4.0

4.0

10

23

19

1

13

5

0.05

0.66

0.25

10

23

19

10

11

12

0.1

0.2

0.3

3.0

3.0

3.0

1.75

1.75

1.75

1.1

1.1

1.1

4.0

4.0

4.0

45

44

38

98

98

80

4.99

4.99

4.07

42

41

35

Table 1. Results of processing the Blandford model data with our on-line 
detector (detection declared if one P-T value greater than Thl 
and two other P-T values greater than Th2, or if four P-T values 
greater than Th2 only).

The signal periods for the Pinedale data were reported (1981) 1.0 sec or 
longer. Because filter Fl peaks at 0.5 sec, the performance described here 
(Figure 17) might realistically be considered a conservative estimate of the 
capabilities of the detector.

The Blandford data have also been processed by using m = 6 with the other 
parameters the same as Table 1. The results are shown in Table 2. Although 
setting m = 6 materially reduces the number of false alarms for the smaller 
values of Xth2, for the larger values (runs 7 and 9) there was not any 
measurable reduction. The large reduction in false alarms was accompanied 
by a significant decrease in the number of events detected (relative to those 
of Table 1), so that the net effect of setting m = 6 was a reduction in the 
performance. The reduction in performance is exemplified by runs 7 and 9: 
although the false alarms for m = 4 and m = 6 are the same, m = 6 produces 
10-201 fewer detections. Very likely, the capability of setting m = 6 can be 
better exploited when the signal periods are smaller than those of the Pinedale 
data. One might search for local or regional events with m>4.
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FUN

1

2

3

4

5

6

7

8

9

10

11

12

Filhi 
Sec

0.1

0.2

0.3

0.1

0.2

0.3

0.2

0.2

0.2

0.1

0.2

0.3

Fillo 
Sec

2.0

2.0

2.0

2.0

2.0

2.0

2.0

2.0

2.0

3.0

3.0

3.0

Xthl

1.7

1.7

1.7

1.75

1.75

1.75

2.0

1.75

1.75

1.75

1.75

1.75

Xth2

1.0

1.0

1.0

1.1

1.1

1.1

1.5

1.25

1.375

1.1

1.1

1.1

Win 
Sec

4.0

4.0

4.0

4.0

4.0

4.0

4.0

4.0

4.0

4.0

4.0

4.0

Total 
Events

39

37

34

26

28

24

8

20

17

33

33

30

False 
Alarms

67

66

56

26

26

22

1

11

5

43

41

38

False 
Alarms/hr

3.41

3.36

2.85

1.32

1.32

1.12

0.05

0.56

0.25

2.19

2.09

1.94

Corr. 
Events

37

35

32

25

27

23

8

20

17

32

32

29

Table 2. Results of processing the Blandford model data with m = 6 (detection 
declared if one P-T value greater than Thl and two other P-T values 
greater than Th2, or if six P-T values greater than Th2 only).
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Experience with the October 1980 Data

During October 1980, short-period data were recorded full-time for two 
weeks at twelve of the operating SRO and ASRO stations. These data have been 
used to obtain operational settings for each of the stations. Requirements of 
the network-day tape operations at ASL impact on the detector settings: The 
day tape operations cannot easily accommodate more than an average of 30 
detections per station per day. Although it is relatively easy to tune the 
detector to produce essentially zero microseism-related false alarms per day, 
yet pick all (or almost all) of the clearly recorded events seen on the seis- 
mograms, it is much more difficult to tune it to reject prominent cultural 
noise, yet still pick small events satisfactorily. The requirement to reject 
a substantial amount of cultural noise has degraded somewhat the performance of 
the detector at several of the stations, particularly BCAO, BOCO, and GRFO. 
GRFO has been affected more than the others, probably because many of the 
signals there are very emergent.

The best operational performance of the detector, relative to an analyst, 
is exemplified by CHTO. Intermediate operational performance is exemplified 
by BCAO. Substandard performance is seen at GRFO. So that the reader can 
judge what we mean by "best," "intermediate," and "substandard," a representa­ 
tive seismogram, together with the corresponding print-out from the detector, 
is presented for each of the classes (Plates 1, 2, 3) 2 . (It is important to 
note that we are processing all of the data with our general purpose filter, 
Fl). Even under the severe conditions imposed (outlined above), the detector 
usually picks all of the clear events displayed on a normal3 SRO or ASRO 
short-period seismogram. Quantitatively, we would expect event A (Figure 19) 
to be in the class of events detected with a 0.5 or greater probability, and 
event B (Figure 19) in the class detected with a 0.9 probability, using 
standard operational settings.

The former SRO detector operated poorly at some of the stations, such as 
GUMO, where the amplitudes of the background noise often changed substantially. 
In such instances, many false alarms might occur. The new detector is able to 
track large changes in the amplitude of the background yet produce only a few 
microseism-related false alarms per day, see Plate 4.

2 A description of the meaning of the output is given on page 17.

Except for NWAO, all of the helicorders have approximately the same frequency 
response as the digital data. This response peaks at 0.4 sec. At NWAO, the 
frequency response for the helicorder peaks at 0.15 sec. At this station, 
small clear high-frequency events displayed on the helicorder may not be 
detected. On the other hand, the detector picks lower frequency signals that 
are not clearly displayed on the helicorder.
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Figure 19. A type of signal judged detected with 0.5 probability (A) and 
one judged detected with 0.9 or greater probability (BJ, 
microseism-related false alarm rate <LQO per day. The station 
is AMMO; it is in the set of the better stations.
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SPEED AND SIZE OF TOE ALGORITHM

The program was developed and tested on a Digital Equipment Corporation 
PDF 11/34 Computer. Although the algorithm was designed for implementation by 
simple shifts, additions, and comparisons, on this machine simple Fortran 
arithmetic instructions were used. No effort was made to optimize the code 
for speed. After development, the algorithm was implemented on the Data 
General NOVA 1200 computer of the SRO. On this machine, the algorithm was 
programmed without using any floating-point operations. The following gives 
a description of the speed and size of the algorithm on these two different 
computers. All speeds are for operational settings: Xthl =2.0, Xth2 =1.5.

1. Machine: PDF 11/34 (DEC)

Operating System: RSX-11M 

Special Equipment: Floating Point Processor 
Language: Fortran 4 Plus, ^500 lines of code required 

Task Image Size: 20,640 16-bit words total

Breakdown: a) Fortran-callable SRO tape reading routine = 9,620 words

b) Data buffer in compiled Fortran program to hold one 
SRO record (990 values) = 1,980 words

c) Remainder of compiled Fortran program (including
code, buffers, constants, and variables) = 9,040 words.

Speed: 30 x real time, reading a single SRO SP channel, 20 samples per 
second (includes overhead of reading tape, error checking, and 
buffering the input record).

40 x real time, reading data from disk

2. Machine: NOVA 1200 Jumbo (Data General) with magnetic core memory

Operating System: SRO real-time operating program 

Special Equipment: None 

Language: Assembly 

Size: 4,000 16-bit words

Breakdown: Data buffers =700 words
Code, constants = 3,300 words

Speed: 25 x real time (former SRO detector was 10 x real time)
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WORK IN PROGRESS

Four significant modifications to the detector are being made and tested. 
First, a new algorithm is being developed to pick secondary phases in the coda 
of events. Plate 5 demonstrates the progress we have made with this improve­ 
ment. At present, we are working toward reducing the number of triggers in 
the coda of large events, without sacrificing detection of the clear phases in 
the coda of small events.

Second, several different window lengths, together with several 
different filters, are being tested on the Pinedale tape of Blandford. Work to 
date appears encouraging: by using a 1-2 Hz recursive filter, and by shorten­ 
ing the window length and making minor modifications to the algorithm, we can 
obtain results a bit superior to those of the best detectors of Figure 16. 
We need to test (1) the generality of these results, (2) the effect of these 
modifications on the fidelity of picking onsets and polarity, and (3) the 
effect of substituting different filters for the 1-2 Hz recursive filter.

Third, tests are being conducted on the feasibility of using the 
parameters of a detection (period, amplitude, quality numbers) to identify 
and reject (on-line) cultural noise.

Fourth, an algorithm is being tested to identify teleseisms (by using the 
signal period) and to make recording length for each teleseism a function of 
period and amplitude of the signal. The purpose of the modification is (1) to 
ensure recording of secondary phases (such as S and P'P 1 ) even if their 
spectrums are not in-band to the filter and (2) to ensure recording of small 
signals that might go undetected in the coda of large events.
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SUMMARY

A computer program has been developed and tested to detect short -period 
seismic events. It operates on a single channel of digital data. All 
operations can be performed by simple sums, shifts, and comparisons; hence, the 
algorithm can be easily implemented even on machines that do not have floating 
point hardware.

Figure 1 shows the flow of the program. Briefly described, the 
input time series is filtered with a simple FIR filter (Figure 2) . The output 
of the filter is processed to find relative maximums and minimums (the peaks 
and troughs) of the series. The maximums and minimums are differenced to 
obtain a new time series (the P-T series) . The remainder of the algorithm 
proccesses the P-T series only. The dispersion (variability) of the P-T series 
is estimated by a comparison scheme: the maximum of 20 successive rectified 
P-T values is found, and an average of 16 such maximums is made. For normally 
distributed P-T values of zero mean, this average (s f ) is an estimate of twice 
the sample standard deviation of the P-T series.

Three thresholds are employed and all are a function of s f . Two of them, 
Thl and Th2 (Thl>Th2), are used for detecting events, and the other (Th3, 
Th3<Th2) is used for timing the onsets of events. In the typical operating 
configuration, a detection is declared if (1) one rectified P-T value exceeds 
Thl and two other rectified P-T values exceed Th2, or if (2) four rectified P-T 
values exceed Th2. Although complicated wave forms are easily detected, the 
algorithm can be thought of as searching for "Z" shaped or "W" or "M" shaped 
waveforms (see Figure 7). When a detection has been made, two rectified P-T 
values before the time of the detection are compared with Th3 to search for a 
beginning time earlier than the detection. Typically, Thl = 2xs', Th2 = l.Sxs 1 , 
and Th3 =

When the onset time has been found, an estimate of the direction of the 
first break is made. Then the quality of the first break and of the onset time 
is estimated. This is done by presenting the rectified amplitude of the first 
break, together with the two rectified amplitudes on either side of it, as a 
function of s f to form five signal-to-noise ratios (see Figure 9). Next, the 
period and maximum amplitude of the first four cycles are estimated. All of 
this information (quality numbers, time, amplitude, period) plus the current 
value of s 1 is output. There are two ways to use the quality numbers: (1) to 
make a statistical evaluation of the pick and (2) to approximately reconstruct 
the waveform of signal onset -- the last three values in the series can be 
viewed as a quantification of the first three amplitudes of the detected wave­ 
form. Thus, in viewing the output, an analyst has the traditional information 
plus enough information to form a concept (1) of the noise environment, (2) of 
the validity of the pick, and (3) of the appearance of the filtered signal.
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Blandford et al. (1981) have added signals recorded at Pinedale, Wyoming, 
to artificial noise to form a digital test tape. They (1981) reported results 
on a number of different detectors that operated on these data. Using our 
normal detector configuration, with our simplest filter (Fl, Figure 2), we 
operated on the tape and obtained essentially the same results as the SDAC 
on-line detector. The SDAC detector uses a 6-pole 1-2 Hz bandpass filter. 
Both of these detectors gave about the same results as two analysts who 
viewed an analog display of the digital data (Figure 17).

The current (May 1983) day-tape operation at ASL is facilitated if we 
perform an average of 30 or less detections/day/station. At some of the 
stations where cultural noise often is prominent (such as BCAO, GRFO) we have 
reduced the sensitivity of the detector to fulfill this need. At these stations 
(particularly GRFO) the performance is not up to that of the better stations. 
Emergent signals often seen at GRFO also contribute to its substandard 
performance.

Several design changes are being explored and tested to enhance the 
capabilities of the detector. These include (1) an algorithm to pick secondary 
phases, (2) a modification to pick smaller events and yet maintain essentially 
a zero false alarm rate, (3) an algorithm to identify cultural noise, and 
(4) an algorithm to identify large teleseisms.
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Plate 1. A representative example of the best performance of the detector, 
relative to an analyst. Operational settings are used: Xthl = 2.0, 
Xth2 = 1.5, Filhi = 0.2 sec, Fillo =2.0 sec, Win =4.0 sec. Even though 
cultural noise is obvious for the first one-half of the day, only ^6 triggers 
are related to this type of noise. There are not any microseism-related false 
alarms. Almost all of the clear signals are detected and timed adequately. 
So that the reader can make an independent evaluation, the output of the 
detector is shown below.

P LB QUALITY YR DAY HR MIN SEC AMPLITUDE PERIOD
S 1

C
D
D
D
C
D
C
C
C
C
c
c
c
c
D
C
D
D
C
C
D
C
C
C
C
D
C
D
D
C
D
D

1
1
0
2
0
0
1
0
1
2
0
0
0
2
0
1
1
1
1
0
0
0
1
0
0
0
2
0
0
0
0
1

00158
11122
10311
00112
00256
01233
00134
00344
11122
01112
01221
01331
11232
11112
00399
00122
11122
21232
11132
01213
01222
11368
11122
10499
00222
10246
01112
01793
00233
01342
00266
11123

0
0 
0 
0
0 
0 
0 
0 
0 
0 
0 
0 
0
0 
0
0 
0
0 
0
0 
0 
0 
0 
0
0 
0 
0 
0 
0 
0
0
0

283 
283 
283 
283
283 
283 
283 
283 
283 
283 
283 
283 
283
283
~>Q1
Zoo
283 
283
283
9Q"Z Zoo

283 
283 
283 
283 
283
283 
283 
283 
283 
283 
283
TO?Zoo
283

00 
00 
02 
03
03 
05 
06 
06 
08 
10 
10 
10
11
11 
11
11
14
14 
15
15 
15 
15 
16 
16
16 
18 
18 
19 
20 
21*jJL

21*jJL

23

15 
57 
15 
17
49 
22 
04 
23 
36 
27 
31 
56 
00
10 
45*T J

55 
04
06 
22
41 
43 
47 
11 
32
36 
18 
30 
19 
34 
41
43
58

18.72 
27.37 
10.62 
30.32
42.17 
40.67 
09.12 
40.37 
19.02 
29.17 
03.77 
16.42 
39.37
20.17 
00.07
50.97 
45.92
26.42 
41.22
02.92 
23.02 
45.82 
23.47 
49.52
10.12 
55.12 
17.12 
33.32 
22.47 
24.72
08.92
44.02

0.6798E+05 
0.1540E+05 
0:4679E+05 
0.2135E+05
0.5727E+05 
0.3757E+05 
0.4630E+05 
0.5625E+05 
0.1938E+05 
0.2043E+05 
0.1742E+05 
0.2567E+05 
0.1942E+05
0.1963E+05 
0.1064E+06
0.1630E+05 
0.1224E+05
0.4349E+05 
0.2071E+05
0.2704E+05 
0.4167E+05 
0.4188E+05 
0.2181E+05 
0.6659E+05
0.2278E+05 
0.3496E+05 
0.4879E+05 
0.3022E+05 
0.9179E+04 
0.1739E+05
0.5408E+05
0.1750E+05

0.84 
0.38 
0.55 
0.44
0.68 
0.80 
0.84 
0.89 
0.40 
0.41 
0.38 
0.71 
0.59
0.39 
0.95
0.61 
0.32
0.65 
0.68
0.56 
0.41 
0.52 
0.37 
0.86
0.80 
0.66 
0.37 
0.60 
0.57 
0.65
0.95
0.54

0.8643E+04 
0.8728E+04 
0.8994E+04 
0.1168E+05
0.9948E+04 
0.6962E+04 
0.8778E+04 
0.1004E+05 
0.8769E+04 
0.1048E+05 
0.9953E+04 
0.8437E+04 
0.7516E+04
0.1196E+05 
0.5964E+04
0.6715E+04 
0.6774E+04
0.6774E+04 
0.6213E+04
0.6037E+04 
0.9997E+04 
0.5468E+04 
0.1018E+05 
0.5159E+04
0.1117E+05 
0.5944E+04 
0.5752E+04 
0.3496E+04 
0.3247E+04 
0.4391E+04
0.8541E+04
0.6514E+04
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Plate 2. A representative example of intermediate performance of the 
detector, relative to an analyst. Operational settings are used: 
Xthl = 2.25, Xth2 = 1.625, Filhi =0.2 sec, Fillo =2.0 sec, Win =4.0 sec. 
Even though cultural noise is prominent for one-half of the day, there are 
only <L1 triggers related to it. There are not any microseism-related 
false alarms. Although small emergent events are occasionally timed late, 
others are timed adequately. So that the reader can make an independent 
evaluation, the output of the detector is shown below.

P LB QUALITY YR DAY HR MIN SEC AMPLITUDE PERIOD

D 
D 
D 
C 
D 
C 
C 
C 
C 
C 
D 
C 
D 
C 
C 
D 
D 
D 
C 
D 
C 
C 
D 
D 
D 
D

0
1
2
2
2
0
2
1
1
0
1
0
2
1
2
1
0
0
1
0
1
0
2
1
2
2

11222
11122
11112
11112
11212
00200
11102
11121
10131
01233
00243
01212
11112
11121
11112
01122
01211
00499
11199
10255
01222
00388
64226
21599
11112
01112

0 289 08
0 289 08
0 289 09
0 289 10
0 289 12
0 289 12
0 289 13
0 289 13
0 289 13
0 289 14
0 289 14
0 289 16
0 289 16
0 289 18
0 289 18
0 289 18
0 289 22
0 289 23
0 290 00
0 290 00
0 290 01
0 290 01
0 290 01
0 290 01
0 290 03
0 290 05

38
56
21
18
46
49
34
36
41
07
35
01
09
12
17
52
16
13
04
32
13
39
40
42
52
05

19.00
23.90
30.25
48.70
30.90
06.70
51.15
32.75
01.65
49.05
39.75
19.70
24.40
19.65
06.45
17.40
07.55
11.30
59.35
18.70
39.50
04.20
43.05
23.95
53.30
12.60

0.2457E+05 
0.1847E+05 
0.1270E+05 
0.2480E+05 
0.1139E+05 
0.1535E+05 
0.4427E+05 
0.2719E+05 
0.1734E+05 
0.1481E+05 
0.1799E+05 
0.1138E+05 
0.1671E+05 
0.1039E+05 
0.1569E+05 
0.1422E+05 
0.9282E+04 
0.8771E+05 
0.3708E+06 
0.2530E+05 
0.1616E+05 
0.6061E+05 
0.3530E+05 
0.5390E+05 
0.1054E+05 
0.1291E+05

0.76
0.43
0.35
0.43
0.36
0.42
0.59
0.43
0.35
0.20
0.44
0.26
0.41
0.49
0.36
0.31
0.26
0.46
0.99
0.69
0.75
0.69
0.80
1.25
0.47
0.37

0.1007E+05 
0.1054E+05 
0.7764E+04 
0.9500E+04 
0.5752E+04 
0.8208E+04 
0.4699E+04 
0.9938E+04 
0.6298E+04 
0.5126E+04 
0.4325E+04 
0.6558E+04 
0.8799E+04 
0.4472E+04 
0.6941E+04 
0.5328E+04 
0.5295E+04 
0.5719E+04 
0.6276E+04 
0.5113E+04 
0.6961E+04 
0.4815E+04 
0.4815E+04 
0.4815E+04 
0.5439E+04 
0.6862E+04
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Plate 3. A representative example of the worst performance o£_the detector, 
relative to an analyst. Operational settings are used: Xthl - <^b )| 
Xth? = I 625 Filhi = 0.2 sec, Fillo = 2.0 sec, Win - 4.0 sec. Bursts of 
cultural'noise are seen throughout one-half of the day. There are ^6 triggers 
related to it. There appears to be one false alarm related to microseisms. 
Commonly, small emergen? events are timed late. The onsets of these events 
may have the appearance of cultural noise (i.e. the ones at 1100 hrs and 
0447 hrs). Commonly, an analyst picks the small emergent events earlier 

than the detector.

P LB QUALITY YR DAY HR MIN SEC AMPLITUDE PERIOD

D
D
D
C
C
C
D
D
D
D
D
D
C
C
C
D
C
D
D
D
C
C
C
C
C
D

0
1
0
0
0
2
1
1
0
2
1
1
0
1
2
1
1
0
0
0
0
0
1
0
1
1

00221
11122
00289
01211
00333
01122
11221
00121
01231
11112
00122
01122
00232
00123
12212
00122
00121
11221
00374
00420
00220
01222
11222
11222
11122
00120

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

282
282
282
282
282
282
282
282
282
282
282
282
282
282
282
282
282
282
283
283
283
283
283
283
283
283

07
09
10
11
11
11
12
13
13
13
14
16
16
16
17
20
22
23
00
02
04
06
06
06
06
06

48
21
02
00
19
24
15
26
48
57
03
15
18
29
07
18
14
51
18
19
48
04
14
19
24
39

19.88
07.23
53.18
30.18
11.88
17.68
02.53
09.13
02.63
15.98
55.13
56.38
10.33
53.33
43.28
33.03
15.63
42.68
22.98
57.88
03.93
45.13
52.68
38.13
36.28
51.38

0.1041E+06
0.8275E+05
0.4729E+06
0.9933E+05
0.1441E+06
0.9815E+05
0.7884E+05
0.1316E+06
0.1024E+06
0.2672E+06
0.1130E+06
0.7093E+05
0.1558E+06
0.1070E+06
0.9415E+05
0.5228E+05
0.2005E+06
0.6774E+05
0.2214E+06
0.1408E+06
0.1091E+06
0.8007E+05
0.8178E+05
0.9142E+05
0.9050E+05
0.2362E+06

0.46
0.60
0.79
0.49
0.62
0.55
0.52
0.35
0.29
0.51
0.87
0.55
1.02
0.62
0.70
0.87
1.00
0.55
0.75
0.71
0.46
0.41
0.55
0.56
0.59
0.37

0.4934E+05
0.4116E+05
0.4599E+05
0.3756E+05
0.4124E+05
0.4303E+05
0.4418E+05
0.4693E+05
0.3743E+05
0.4857E+05
0.5004E+05
0.3682E+05
0.5632E+05
0.4081E+05
0.3735E+05
0.2725E+05
0.3058E+05
0.3416E+05
0.3371E+05
0.2806E+05
0.3719E+05
0.3966E+05
0.4154E+05
0.4391E+05
0.4371E+05
0.4745E+05
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Plate 4. A representative example of the performance of the detector at
stations where large changes in the background occur. Operational settings
are used: Xthl = 2.0, Xth2 = 1.5, Filhi =0.2 sec, Fillo =2.0 sec,
Win =4.0 sec. There appears to be one microseism-related false alarm this
day.
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Plate 5. Work in progress toward picking secondary phases. Arrows represent 
the picks made by the algorithm. Presently, we are trying to reduce the number 
of false alarms in the coda of large events, yet still pick clear secondary 
phases in the coda of small events.
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