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ABSTRACT 

The on-line operation of a Fisher detector has been eval»«t«4 

at the Tonto Forest Observatory short-period seisr- c array, -s ng 

31 seismometers and one fixed threshold, the 90 percent incremental 

detection threshold on the Kuril Islands beam, centered at A = 70°, 

is m^ = 4.15 ♦ .05; with an experimentally determined false alarm 

rate of 0.17 per day. This compares favorably with the capabilities 

of a human operator. Storms in the Kurils significantly affect the 

distribution of amplitudes of the Fisher detection trace; and we 

estimate that most of the false alarms observed at the operating 

threshold can be traced to the statistical bias introduced by 

this storm-generated energy. If the threshold were adiusted 

to maintain a constant false alarm rate, the maximum effect on the 

threshold magnitude would be 0.05 m, . 
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INTRODUCTION 

The purpose of this report is to describe the background 

and the present status of the Fisher detector of seismic signals 

and to compare its efficiency with other types of detectors. 

Two basic types of automatic detectors of seismic signals 

have been investigated in the past.  In the first, a short term 

average of the rectified or squared seismogram is compared to a 

longer term average; when the ratio exceeds a threshold, a detec- - 

tion is declared. In the second type, a checking procedure is 

either explicitly or implicitly programmed to see whether several 

independent seismometers give a detection within specified time 

windows.  This checking procedure is analogous to the procedures 

of a human operator and can reject data spikes, local events, and 
off-beam events. 

The detector implemented by IBM personnel at SAAC (1969) is 

an example of the first type of detector. A full LASA beam is 

rectified and the result is averaged over approximately 2 seconds. 

This is output to a long-term exponential smoothing algorithm in 

which the n  short-term exponential average is equal to (1-a) 

times the (n-l)st value plus a  times the current rectified average. 

The time constant is typically set at 60 seconds.  A fixed value 

of the ratio of the short-term average to the exponential average 

is the threshold for declaring a detection. 

The IBM detector can be triggered by off-beam and local events. 

It is protected from triggering on data spikes because the raw data 

is limited to a fixed equivalent ground motion (11 my) and when 

such a value is beamed and averaged it does not create excursions 

large enough to cause a detection. 

An earlier detector, developed by Lincoln Lab personnel (1965), 

calculated a similar short, and long-term average on the traces 
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of the center seismometers of the E and F ring subarrays of LASA. 

If a threshold crossing occurred on several of the eight channels 

within 20 seconds of one another, a detection was declared. This 

detector will adequately reject data spikes, but, of course triggers 

on all seismic events regardless of azimuth.  By narrowing the 

arrival windows to suit certain move-out velocities, one would 

trigger detections only on arrivals from a fixed epicentral region. 

However, this refinement was not programmed by Lincoln Labs. The 

other disadvantage of this particular detector is that it makes no 

use of the improvement in signal to noise on the beam. 

The Fisher detector was first suggested by Melton and Bailey 

(1957).  The essence of this detector is that the power on the 

beam is divided by the power of the difference between the beam 

and the individual channel seismograms averaged over all channels. 

To express this mathematically, consider an infinite velocity signal, 

then let the individual traces be given by S.(t).  In general the 

traces will be shifted to form a beam given by S = (1/N) 1  S.. The 

residual error on each channel is given by S. - S where  i 

S has been appropriately shifted for non-infinite velocity beams. 

The expression for the Fisher detector on N channels is given by 

^ÜTTT  E(S -S)2 S(S.-S)2 

■ 

where the bar indicates that a function has been averaged over some 

time window, i.e. 

P 
I 

t-1 

1 P 
si = ^ I S^t) 
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The expression fl.ij can be transformed t. 

:N-I ils. J 
i 

1 ?7 ds.r [2J 

-hich L.S usually simpler to compute. If the individual channel- 

have non-zero means, a term must be added to the numerator 
result   is ind   tin 

F . N-i , ffy2 - FICSS.)
2
] 

ZSI " * C2s.) 
(3) 

IVhen 
' slgnal arrives, the output of this detector increases 

0r t,;0 rCaSOnS- i:irSt' the be- Power in the numerator Increases 
CCOn

i
d' f0r highsignal-to.noise ratios, the denominator nearly 

Wishes. Note that this will not happen unless the s^nal has the 

Proper move-out; otherwise the shifted beam cannot cancel the- 
individual seismometer trace s ■o the denominator remains large. 
In this way the Fisher detector 

. For an 

2  proportionally and there is no increase 

checks that the signal is recorded 
by several seismometers. For an off-beam signal both the numerator 
and denominator increase 

in the ratio. 

As discussed in the next section, these useful qualitative 

properties are complemented by the fact that the ratio has a wc]1 
SrU,iu"J ^^--t.-l «J-t^bnUon.  The ratio follows the 

signal, and the non-central F distrj 

, 

ic central I- 
distribution in the absence ol 

bution in the presence of signal. Thus it is possible te p^dict 

rro* established theory the probability of detection and false aUr», 

rate for any combination of.bandwidth, signal detection «indow and 
number oi seismometers. 



Although Melton and Bailey [1957) first discussed the possi- 

bility of using the Fisher criterion as a detector, they did not 

apply it to seismic data. Booker (1965) was the next to study the 

Fisher detector. His work was implemented in a program on a CDC 1604. 

He showed that the Fisher detector had considerable promise, and 

that it was superior to a polarity coincidence detector proposed by 

Melton and Karr (1957).  However, Booker had available only data 

trom closely-spaced observatory seismometers.  Noise recorded by 

these seismometers is correlated in the signal band, which is 

contrary to the hypotheses of the Fisher detector. Booker recognized 

this fact, and saw the effects in his results. He expressed the hope 

that it would be possible to allow for the correlated noise by finding 

and setting a higher threshold than would be predicted from theory, 

and that this threshold would be stable. 

An auxiliary processor was built by Texas Instruments to imple- 

ment the Fisher detector in real time, and an evaluation of it was 

performed on line at CPO by Edwards, Benno, and Creasey (1967). They 

found that no stable threshold could be set, and advocated that a 

modification be made to the processor to allow for an adaptive 

threshold. From our present vantage point we can see that correlated 

noise between the nineteen closely spaced CPO seismometers was the 

cause of this difficulty, and that the detector would have been 

stable if only the three most widely spaced seismometers with a 

spacing of 2.9 kilometers had been used.  The closest spacing for 

the full array was 0.3 kilometers, 

Shumway and Husted (1969) showed how to extend the results of 

Booker to colored spectra, and also showed how to compute the 

probability of detection given the signal-to-noise ratio. 

In March of 1969 the Tl auxiliary processor was installed on 

the 37-element TFO array which has a minimum spacing of 4 km. For 

the first time it was operating on data which was uncorrelated in 

; 
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the signal band. The principal conclusion of this report is that 

at TFO the Fisher detector performs in agreement with theory, and 

is an excellent detector when installed at an array whose seismo- 

meters are spaced widely enough. 

If two signals arrive at the same time, one of them must be 

regarded as noise and detection is more difficult.  A useful 

extension of the Fisher detector would therefore be detection of 

two or more signals simultaneously present.  Shumway and Dean (1968J 

have presented the theory required to produce minimum variance, 

undistorted estimates for each of a multiple set of signals imbedded 

in a collection of independent stationarily correlated noise series. 

For the case of Gaussian noise, Shumway (1970J has presented the 

asymptotic maximum likelihood detector for each of the multiple 

signals in terms of the classical F statistic.  Work is presently 

underway to develop the probability of detection and false alarm 

statistics for two signals in a horizontal array: and to test the 

theory on real data. This detector could be used to detect explo- 

sions set off on purpose during a large earthquake, and to detect 

and estimate the long period waves from two events for discrimi- 

nation purposes.  Long period waves frequently overlap in time since 

they are of long duration. The estimators are not the same as the 

so-called multichannel filter which treats one of the signals as 

noise and estimates a noise correlation or spectral matrix to apply 

in the single-signal, weighted minimum variance, undistorted 

procedure.  It has the advantage that a multichannel filter can 

only be applied to estimate the second event and then only if a 

substantial portion of the first event, substantially uncontaminated by 

the second event,is available to serve as the noise sample.  The 

estimators developed by Kobayashi and Welsh (1969), called by them 

optimum fidelity estimators, are special cases of those developed 
by Shumway and Dean. 
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THEORY 

The basic derivations of the Fisher detector can be found 

in the references cited in the Introduction. Here we shall briefly 

review the notation, and present some new theoretical results on 

the detection capability of arrays using the Fisher detector. This 

theory is perhaps of more than academic interest since the evalua- 

tion of the Fisher detector in the next section shows it to behave 

in good agreement with theory and to be an excellent detector which 
might well be implemented in real systems. 

The basic hypotheses under which the Fisher detector theory is 
valid are: 

1. Identical, deterministic signal on each channel. 

2. Independent, identically distributed, stationarily auto- 
correlated, Gaussian noise series on each channel. 

The detector is actually only sensitive to the assumptions of 

equal signal waveform and of uncorrelated noise between channels. Non- 

Gaussian noise is permissible to the degree that the central limit 

theorem guarantees that the output of a narrow band filter operating 

on any distribution tends to a Gaussian distribution. The noise need 

be stationary only over the time window surrounding the signal, 

which, in the present application is only three seconds. The equality 

of the noise autocorrelations in the detection band is needed in 

order that power in the residual noise will be the same on each 

channel so that the average residual noise power will follow on 

chi-squared distribution. If this assumption is violated the detector 

may not follow the predictions of theory, but a stable threshold 
can probably be set. 

Under the assumption that no signal is present, the probability 

of the detection trace exceeding a given value of F, say F , is 

-6- 
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expressed by 

''HV N2. ü]-'0}. (4J 

Equation (4) gives the probability that any value of I drawn 

from an F distribution with Nj and N2 degrees of freedom, and u-ith 

a non-centrality parameter fa function of the signal to noise ratioj 

ol zero, wxll exceed 1^. Now in reference to equations (2J and (4J  ' 

is the number of degrees of freedom in the numerator, X, is the 

degrees of freedom for the denominator, and A equal to 0 in this 

case, is the non-centrality parameter. 

The symbol for the non-centrality parameter Is chosen to be in 

agreement with that in Abramowitz and Stegun (1964J.  The relation 
hetWCCn A and

2 
the ■S1«nal tO noxse ratio on the beam is given by 

8T(S/N3 •    Shumway and llusted, and Scheffe (19S9J define 

their non-centrality parameter as 62 and the relation between A 
and IS A = 6 

The degrees of 

la ted as follows 
reedom for Nj for the numerator may be calcu- 

samples per second x (band width/folding frequency) 

x signal time window = 2 x band width x signal time window = 2BT 

Ihe degrees of freedom N2 for the denominator is given by fX-ij times 

Np where N is the number of channels. 

The also alarm rate in false alarms per day, with a threshold 

set at io and a signal time window of length T seconds is given by 

False Alarms per day = IMF[X  M   0] > F }x 24x( 1   ^     —  0      | 
60xo0 

P 4 
- x 8.65 x 104 . 

f5j 
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Ihis equation may underestimate the false alarms since it assumes 
t,!'lt if neither of two adjacent windows of length i give a false 
al'ir;i> tlien neither will an intermediate window composed of one-half 

each. However, considering that this estimate would be highly 

correlated with estimates in the other two windows, the increase 

in the false alarm rate would certainly he much less than a factor 
lwo- io   t'"-' false alarm rate fFAR ) cor respond i ni' to I  calculated 

o 
lion equation (5j there corresponds a probability of detection for a 

fixed signal-to-noise  level. This probability is given by 

'{'[V •- ^(S/N)] > Fo} 

u h e r e • i S / N ) i s g i v e n b y A = 1BT ( S / .\ J " 

fo calculate actual probability of detect ion-faIse alarm 

curves it is obviously necessary to calculate the central and 

non-central F distributions. Tables of these distributions exist, 

however; the smallest value of P generally tabulated is 0.01, and 

from (5J with a time window of 5.0 seconds, this would imply 255 

false alarms per day.  Thus we need to evaluate these distributions 

for ranges outside the customary tables.  The methods for doing so 

a re g i von i n Appendix I. 

figure 1 shows the F value corresponding to a particular false 

alarm rate for a succession of numbers of seismometers m an array. 

lor example, with 31 elements in the array, and a false alarm rate 

of (J. 1 per day, the threshold value for F i s 10. 92, us ing the left- 

hand scale.  This figure, and all following ones assume 2BT=5.0 degrees 

of freedom in the numerator (see first paragraph in Section 5] and 

.5f\-lJ in the denominator i.e. N, = 3, N- = (X-l)5. 

figures 2   through 7 show the false alarm rate as a function of 

the probability of detection, bach figure is for a different size 



,/ 

array; ami, on each figure, each curve is for a different sißnal- 

to-nojse ratio on ' the beam. For sxample, figure 7 is for 3J elements; 

and, with a signal-to-noise ratio of 3.0 on the beam, one has a 

90 percent probability of detection with a false alarm rate of 0.22 

per day.  We may mention here that the si , na1 - to-noise ratio is 

defined as the ratio of the square-root of the signal power divided 

by the square root if the noise power in the frequency band and 

time window under consideration.  If we assume that the rms noise 

in the signal window is equal to the rms noise before the signal, 

and that the signal itself is typically a segment of a sine wave- 

then to translate the signal-to-noise values given in this report 

to values in terms of zero-peak signal divided by rms noise one 

would multiply by 1.414.  To the extent that the signal cannot he 

regarded as a sine wave in the 3-second window used in this report 

the multiplying factor would be greater to allow for the greater 

amplitude of one out of the three cycles. It is generally agreed 

fe.g. Clark, 1968) that the conversion between peak-to-peak/2 rms 

signal-to-noise values and peak-to-peak signal/maximum peak-to-peak 

noise is performed by dividing the former values by 5.0. Thus, to 

convert signal-to-noise ratios used in this report to those measured 

by the ratio of peak-to-peak values of signal and noise one would 

multiply by 1,414/5.0 equal to 0.47 ~   0.5. 

figure 8 shows the signal-to-noise ratio required at the 

seismometer level for 90 percent probability of detection as a 

I unction of the number of instruments in the array.  There are four 

curves for four different false alarm rates. K'e see for example that 

for 51 instruments and for a false alarm rate of 0,1 per day, that 

the signal-to-noise ratio at the seismometer level must be 0.51. Also 

in Figure 8 is an indication of the range in magnitude and dB 

corresponding to a range in signal-to-noise ratios.  We note that 

for all arrays with more than 20 elements that an increase in false 
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alarm rate of a factor of 1,000 yields a decreases in the magnitude 

detected of only 0.13. 

The sigBal-to-noise required for a fixed probability of detec- 

tion as a function of the number of seismometers is proportional 

to N '   for N greater than 20.'  Although there is probably a simple 

explanation for this fact, we have not found it as yet. It is clear 

from the figure that the signal-to-noise ratio required decreases 

much more rapidly than N"1/2 for small values of N. This reflects 

the decreasing degrees of freedom in the denominator of the l; 

statistic. A power detector, for which the noise estimate is 

determined by a long window on the beam in front of the signal, 

would not depart from N1/2 in this way and therefore may have 

advantages for small arrays. 
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PROCEDURES 

is a Figure 9 shows the MCF-Fisher prefilter used at TFO  It 

23-poxnt symmetric filter designed using program FILPLOT2 with 

the parameters as indicated on the figure.-It is interesting that 

to force a nuli at 0.2 Hz to cancel the m.croseisms. the parameter 

winch was adjusted was the number of points in the filter  lor a 

tame window of 3 seconds, the number of degrees of freedom allowed 

by this filter is 3.6. assuming a white signal spectrum in the 

pass-band.  In our calculations we have rounded 3.6 to 3.0 beca.se 

the algorithms for calculating the F distribution do not accept 

non-.ntegral values of ^ or N., and because the s^nal and noise 
spectra are not truly white. 

It is important to determine properly the length of the signal 

time window. Intuition suggests that the window should be equal in 

length to the visible portion of the P-wave.  Booker (1965J reported 

that he found this to be true. Edwards et al (1967) reported that 

the typical small signal was 3 seconds in duration; and that the 

detector seemed unstable when a window of only 2 seconds was used 

in the present study we used a time window of 3 seconds.  Booker 

»ISO presented results to show that a sampling rate of 10 Sps was 

adequate, however at TFO the processor operates at 20 sps. Thus the 

"time window" for the auxiliary processor was set to be 60 points. 

A full presentation of the MCF and auxiliarv processor control 

data for one set of MCF beams, including a Fisher detector on a 

Kuril beam is given in Appendix II, together with a history of 

the Fisher beams recorded on film and tape up to the present time, 

so that the interested researcher can use the data easily. 

Figure 10 shows a map of the 37 element TFO array used. Elements 

3, 5. 7. 8. 12, and 16 are not in the beam used by the Fisher 

detector, leaving a total array of only 31 elements. 
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The output of the Fisher detector is recorded both on magnetic 

tape in digital form, and on develocorder film. In measuring ampli- 

tudes from the develocorder it is important to follow systematic 

procedures because even an error of 0.1 cm, as seen on the film 

viewer, is significant.  Since the film can slip up and down in 

the viewer, and since different viewers can yield slightly different 

measurements for the same point, it is essential always to use the 

same viewer, to allow the film to move only in one direction through 

the viewer, and to make all measurements along the vertical center 

line of the viewer. 

Calibrations on the film were maintained by finding the lowest 

value of the Fisher in a 30 minute period, three times a day; 2-2:30, 

12-12:30, and 22-22:30.  Examination of the digital tape shows that 

the Fisher goes to zero at least every 10 minutes, and so these 

minimum values should be at the same place on the viewing screen if 

the calibration is to be held from beginning to end of the film. 

Readings are not accepted unless the minima are within 0.1 cm of one 

another. Conversion of the Fisher readings (in centimeters) are con- 

verted to F values by creating a full scale output from the Fisher 

detector which is registered on the film, and on the magnetic tape. 

Calibrations performed on 30 June and 5 August 1970 were within 

Ü.1 cm of one another on the film and within four counts out of 715 

on the digital tape.  The Fisher output which is digital, is con- 

verted to analog form, transmitted to the Astrodata equipment, 

redigitized and recorded. 

An unfortunate feature of the Fisher detector as implemented is 

that overflows occur for large events, either on or off beam. This 

is manifested on the develocorder film by a discontinuity in the 

Fisher trace. The same feature was noted by Edwards et al (1967); 

they state:  "Th« MCF Auxiliary Processor system is limited to a 

12-bit (66 db) dynamic range on input... Large signals of interest 

were clipped on input or during intermediate computations..," 

■ 
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Figure 11 shows the detector response at 0732 April 25, 1970. 

Traces 0-3 are beamed for a A of 30°, and azimuths of 0, 90, 180, 

and 270 degrees. Traces 4-7 are for a A of 100° and the same four 

azimuths.  Trace 8 is for infinite velocity and trace 9 is aimed 

at the Kuril Islands, a A of 70° and an azimuth of 315°. All of 

these beams are filtered with the same 23 point filter shown in 

Figure 9.  Trace 10 is the Kuril beam through a broader filter. 

Trace 11 is the Fisher detector itself, and trace .12 is the 

infinite velocity beam of the crossed array at TFO. We note that 

the signal is clearly detectable on traces 9 and 10, and that the 

detection trace rises smoothly to a large value. Figure 12 shows 

the arrival of another well-recorded event at 0111 on 9 April 1970. 

Data soikes are responsible for the patterns of "arrival. " to the 

left and right of the true arrival. Note that the detector is 

unaffected. Figure 13 shows the behavior of the detector on a weak 

event; and Figure 14 shows how it breaks down due to hardware over- 

flows for a large event on beam. Figure 15 shows the behavior of the 

detector during a large arrival on another beam. We note that the 

trace flattens out, suggesting, as is true, that it would be more 

difficult to detect an on-beam signal during this time interval. We 

note also the small sawtooth-like pattern on the Fisher trace indi- 

cating over-flow conditions during the largest arrivals. 

y 

k 
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RESULTS 

Figure 16 shows the 3 dB contour of the TFo short perxod 

Kur.l hea.. Events used were those reported during the periods 

-30 Aprxl and 1-15 June 1970. from the region bounded by 

0N.70N and 110E-160W. The arrival time of each event at the 

FO center element was pi-edicted, and the maximum value of the 

isher xn a 20-second window centered at this time was recorded 
AssumineathresholrlTfP-iriT   J 
nnintc   ,11 ^ assumi^  ^at all breakdown 
po.nts would have gone over this threshold if there had been 

no overflow one may generate Figure 17 which gives the prob- 

ability of detection as a function of magnitude. This figure 

suggests that the incremental 90 percent detection threshold 
magnitude is 4.IS i .05. ^noia 

An ¥  value of 10.3, by Figure 1  for N - tl  ^ 
., .,       , - K    '   r N       31> corresponds to 
a theore lc.1 false alar» rate ef 0.2 per day. The develocorder 

records for 13 days selected at random between 08 April and 15 

ane «re scanned for all excursions of the Fisher trace Sreater 

hun P . 10... For 10 of the days there were no false alar«, and 

«ere was one each for three other days for a false alar« rate 

of 0.23 per day. The expected „umber of detections that are true 

events not reported can be calculated as approximately .06 per 

day. fhere were seven excursions over F - 10.3 during the 13 davs 
Vhlch were traced to true events in either the phUlppines or 
Southern Alaska; outside of the 3 dB contour. 

■14- 



Thus, in summary, there was an average of 2.0 true detections 

per day with a 90 percent threshold magnitude of 4.15 + ,05, 0.23 

apparent false alarms per day, and 0.54 off-heam detections per 

day. Of the apparent false alarms, .06 might he unreported events, 

leaving an estimated true false alarm rate of 0.17, 

Figure 18 shows the signal-to-noise value on the Kuril beam as 

a function of the Fisher value for all events with fisher values 

greater than 10.3, and a few day's data for smaller values. The 

signal-to-noise value was determined from film measurements as the 

ratio of the peak-to-peak signal amplitude to the peak-to-peak noise 

amplitude in the previous 60 seconds. The discussion in the Theory 

section shows that we should multiply these signal-to-noise values 

by a factor close to 2.0 to convert them to die signal-to-noise values 

used elsewhere in this study. This would imply that the 10.5 thres- 

hold corresponds approximately to a signal-to-noise rms power ratio 

oi 4.0 on the beam.  Examination of Figure 7 shows that for 31 

elements a false alarm rate on the order of 0.2,  corresponding to 

a Fisher threshold of 10.3, with 90 percent probability of detection, 

does indeed require a rms signal-to-noise value of approximately 3,0.' 

Thus we see that the detector behaves as predicted from theory when 

examined from this alternate direction. 

Figure 19 is a plot of the probability that the Fisher trace 

exceeds a certain F value, as a function cf F. The two solid curves 

are theoretical for non-centrality parameters of X = 0 and 1.0. 

Also on the curve are experimentally determined points, each from 

two hours of data computed using program FISHDET2 from F values 

recorded on digital tape at TFO.  We see that the histograms from 

successive two-hour periods of data are quite close together, showing 

that the detector statistics are stable. However, over longer periods 

of time, the statistics can be quite different. These differences 

are significant as can be seen by the vertical error bars giving 

-15- 



the 99 percent Kolmogorov-Smirnov confidence interval. IT any 

two of these histograms arc drawn from the same population, then 

the distance between them at every value of F will be less than 

this interval 99 percent of the time. 

We observed that large probabilities correlate with storms 

in the Kurils  region. Texas Instruments (1967) have also found 

storms to be a source of P-wave noise. Figure 20 presents the 

probability that F > 2.0 for the period 16-24 August 1970. united 

States Weather Bureau maps revealed that a low pressure system 

moved across the beam during this interval, and that its winds 

were at a maximum on the 19th. Figure 21 shows the correlation 

between the average of the six   highest velocity readings inside 

the 3 db contour as reported on the Weather Bureau maps for the 

same time period, and the probability that F > 2.0.  The solid 

dots are for the period 16-24 August, and the other points are 

as noted.  Although there is considerable scatter, the trend is 
definite-  Figures 22a, b, and c show  the Weather Bureau maps 

for the points marked by a letter in Figure 19. 

The theoretical value for r(F) at F = 2.0, A = 0 is P = 0.1. 

The fact that for some days P < 0.1 cannot be explained by a non- 

central ity parameter different from 0.0.  It is our present 

belief that values less than 0.1 arise on days when significant 

storm energy arrives at TFO from locations other than Kurils. We 

feel that this biases the data so that it is more difficult for 

an accidental fluctuation to look like a signal from the Kurils, 

leading to a low probability for high Fisher values. An illustration 

ol this for a large off-beam signal was scan   in Figure 15. 

The low points  in Figure 20 correspond to days when the low-pressure 

system had moved out of the beam. 

Leaving aside these times when there is an unknown lower false 

alarm rate fand some correspondingly lowe- probability of detection) 

the range in false alarms per day impl.ed by non-centralitv parameters 

ranging from 0.0 to that corresponding to the largest observed 

-16- 



probability value displayed in Figure 20, approxiniately A = 1.0, 

is 0.2 to 1.90 false alarms per day. If one adjusted the threshold 

value of F to maintain a constant false alarm rate of 0.2 per day, 

the range of F values would lie between 10.3 and 12.7; and the 

corresponding range in signal-to-noise at the seismometer level 

would he 0.51 to 0.57; a range of 0.05 magnitude units. Thus, by 

adaptively adjusting the threshold one might hope to detect events 

0.05 smaller on days for which there were no storms than on days 

when storms were present. The problem of how to predict the false 

alarm rate and probability of detection in the presence of weak 

signals from directions other than the target area is present]', 

under investigation at SDL by means of simulation. 

Figure 23 shows the threshold F value as a function of the 

resulting false alarm rate for a series of non-centrality para- 
meters. 

On Figure 16 some 3.9 magnitude events are plotted. Those with 

F values greater than 7.0 are plotted as solid circles. There is 

some tendency for greater detection closer to TFO, in agreement 

with the fact that the amplitude falls off slightly, somewhat less 

than 0.1 magnitude units on average, with distance in the range 

45-85°.  ;..wever, the result is not ciearcut, as would be expected 

from known variances in the determination of magnitude. 

In a study by Clark (1970), using the same 31 sensor TFO Kuril 

beam with a 0.7 to 2.5 Hz filter, an experienced analyst obtained 

a 90 percent detection threshold of 4.35 + .1 nb.  Adequate records 
were not kept to enable an estimate of the false alarm rate, however 

the analyst (Paul DeFries) has estimated a rate comparable to that 

ol the Fisher detector. Thus the Fisher detector is apparently 

comparable to or slightly better than an experienced analyst. 
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There is no available data on which to b 

a power detector.  However it is cl 
ase a comparison with 

ear that the false alarm rate 

system, might have solved this problem. 
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DISCUSSION 

The Fisher detector has been shown to give a 90 percent 

incremental threshold magnitude of 4.15 + .US when operating 

on a TFO 31-element Japan-Kurils beam.  The corresponding true 

false alarm rate was found to be 0.17 per day. Questions which 

now arise are: will the detector work in agreement with theory 

when fewer elements, e.g. 7, 13, or 19, are used? How well will 

it work when the fewer elements are closely clustered yielding 

a much broader beam and thus more detections on-beam per day? 

What is the detection threshold for closer teleseismic distances" 

Can the detection threshold be lowered by widening the band-pass, 
especially toward the high-frequency end? 

A study should also be made of the computing capacity required 

with the latest available equipment, to implement the detector on 

a suite of world-covering bea^s in a realistic system for arrays 
of 7, 13, and 19 elements. 

The Fisher detector should be monitored through the winter 

and hurricane seasons to see if there are a few days per year in 

which the detection threshold is lowered a more substantial amount 
by storms. 

Work is now in progress at SDL to extend the detector so that 

it will work in the presence of another signal. It is our belief 

that this will prove to be the first "high-resolution" technique 

capable of "splitting" two simultaneous events to a degree superior 
to that of conventional beamforming. 

Work is also in progress to determine the beam pattern of an 

array on which the Fisher detector is operating. This beam pattern 

will be expressed in terms of probability of detection; and of 

course the beam pattern will be different for different signal-to- 

noise ratios. Despite this complication the probability beam pattern 

19- 



is the one truly relevant to the surveillance problem. It enables 

one to cover the earth with beams guaranteeing a particular 

probability of detection for some fixed magnitude. 

Using the probability of detection false alarm curves 

deduced in this study, it will also be possible to deduce the 

corresponding curves for a network of stations. 
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APPENDIX I 

CALCULATION OF THE F-DISTRIBUTION ^ 
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Tables of the F distribution are available in Scheffe, fl959). 

However, they are tabulated only for values of P between 0.^9 and 

0.01.  In addition they are printed in a form somewhat difficult 

to use.  Equations for the F distribution are given bv AbramowU- 

and Stegun, (1964).  We used formulas 26.6.7 and 26.6.18. Khen wo 

first attempted to use the formulas, the results did not agree 

with the tables in Scheffg.  Ronald Finkler of Institute of Defense 

Analyses (personal communication) pointed out that for the equations 

to be correct, what appbars as F- on the right hand side of equation 

26.6.18 must be replacechby F,v1/(v  + 2j) 

Then the correct equations are: 

26.6.6 
v1+v2-2 

QCFlV   v2)   =   x 
v1+v:)-2      , (v1+v2-2)(v1+y2-4j 

(kü) 2 

(v1 + v2-2)...(v2+2) vr2 

+ 2.4...(v1-2j—   t-lT^   2   1   VJ'NJ-, 

X    = 
V, 

V2+v   F'    ^ 
1 

,   v     even 

v2..N2. 

(1) 

21 
6.6.18 

Q  =   1   -   P 

(P,|VV^   Joe-^i^P(^,v2jiU2) 
(2) 

. 



In the computer calculation use is madl of the fact that 

successive terms-in 26.ö 7 may be calculated recursively  This 

formula is in the inner U-op between statements 40 and 70 
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OPERATING SCHEDULES AND PARAMETERS 
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MCF FORMAT 

Distance Direction 

BS 0 30° 0° 
BS 1 30° 90° 
BS 2 30° 180° 
BS 3 30° 270° 
BS 4 100° 0° 
BS 5 100° 90° 
BS 6 100° 180° 
BS 7 100° 270° 
BS 8 180° 

70° 
All 

BS 9 315° 

ApparsjyrVel. 

12.33 km/sec 

12.33 km/sec 

12.33 km/sec 

12.33 km/sec 

24 km/sec 

24 km/sec 

24 km/sec 

24 km/sec 
00 Velocity 

18   km/sec 

Filter Points 

MCF 0 23 point fi Iter 
MCF 1 19 point fi Iter 
MCF 2 Not Used 

MCF 3 Not Used 
MCF 4 Not Used 

U.K.O Not Used 

U.K.I Not UP ad \ 

MCF P-l Nor Used 

MCF P-2 Not Used 

MCF P-3 Not Used 

MCF P-4 Not Used 

Filter Characteristics 

Beamed for 3150Az; 70° dist 

Beamed for 315°Az; 70° dist 

N 

FISHER Beamed for 315° Az; 70° dist. 



Operation  Parameters   for 3  April   1970 

Forraat  Switch  Settings   to 
TJäü 

3   0 0   8   0 1 
Input Filter      MCF 0 8 0  0 5 3 9 

Channels Points Outputs Outputs History Jel^ 

/ 

Input 

'MIM : input ü d b 

. 

Outpu t 0 

MCF 
Ch.# Cable #   B BS0 BS1 BS2 BS3 BS4 BS5 BS6 BS7 BS8 BS9 
0 

1 

2 

3 

4 

s 
6 

7 

8 

9 

10 

11 

12 

100 1 46 46 46 46 46 46 46 46 46 46 
101 2 '  50 36 32 44 45 37 35 43 41 46 102 4 52 63 54 43 52 57 54 47 53 46 
103 6 41 41 53 53 43 44 51 50 46 46 104 9 56 43 24 37 50 42 32 40 41 4b 
105 10 62 57 30 33 53 52 37 40 45 46 106 11 57 71 47 35 55 62 51 44 53 46 107 13 4 7 73 71 45 54 66 64 52 60 4b 108 14 40 63 76 53 47 61 67 55 57 46 
109 15 36 52 72 56 45 53 63 55 54 46 
110 17 35 25 47 57 37 33 45 51 42 46 111 18 40 15 32 55 37 25 33 45 35 46 112 19 45 21 23 47 41 25 27 42 34 46 13 113 20 55 16 1 40 43 22 13 34 27 46 14 114 21 60 32 6 34 46 32 20 34 33 46 15 115 22 64 47 14 31 52 44 26 34 40 46 16 116 23 66 63 22 25 55 54 33 34 44 46 17 117 24 64 73 36 27 57 62 43 40 51 46 18 118 25 63 105 53 31 61 72 55 44 57 46 19 119 26 57 113 67 33 61 77 65 47 63 46 20 120 27 51 107 77 41 57 76 71 52 64 46 21 121 28 44 102 106 50 54 74 76 56 65 46 22 122 29 37 76 113 54 51 72 101 60 65 46 23 123 30 34 62 106 60 46 62 74 60 61 46 24 124 31 30 46 102 64 42 51 64 73 55 46 25 125 32 25 31 73 67 36 40 62 60 50 46 26 126 33 30 21 56 65 35 32 51 54 43 46 27 127 34 32 11 42 63 34 23 40 51 36 46 28 128 35 34 00 24 60 32 14 26 44 30 46 29 129 36 42 5 16 S3 37 16 23 42 30 46 30 130 37 50 13 10 45 40 21 20 37 30 46 



/ 
Filter Points 

And                 MCF Q 
Coefficients 

Units 

Tens        0 12 3    4 5 6/89 

0 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 

1 0000 0000 0000 0000 0000 "165 7104 7100 7156 7316 

7531 0000 0262 0532 0743 1075 1134 1075 0743 0532 

0262 0000 7531 7316 7156 7100 7104 7165 0000 0000 

4 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 

5 0000 0000 0000 0000 0000,0000 0000 0000 0000 0000 

6 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 

7 0000 ooöo oooo oopo 0000 0000 0000 0000 .0000 0000 

8 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 

9 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 

3 

Notes: 

This represents the filter points for Zl (Channel 1) the rest are 

time shifted to beam MCFO to ilS0 Az, 70° dist. 
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0 

1 

2 

3 

4 

5 

0    !    2    3    4    5    6    7    8    9 
0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 

0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 

0000 0000 0000 0000 0000 0000 3175 7355 7406 7440 

7473 7526 7560 7612 7642 7670 7714 7735 7766 7775 

0002 0003 0002 7776 0000 0000 0000 0000 0000 0000 

0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 

0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 

0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 

0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 

This represents the filter points for Zl (channel ) the rest are time 

shifted to beam MCF1 to 315° Az, 70° dist. 

'. 
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MCF Aux.   Processor 
Parameters   and  Settings 

' 

U.K. Process: 

■■ 

n 
Output 

0 
Output 

1 

Used □ Not Used 0 

History- 
Length 

Truncator  

Output Setting 0. 

Output Setting 1. 

MCF Power Process: 

n 
r s 

intervals      samples 

Used D Not Used 0 

Truncator. 

Output Setting 1. 

Output Setting 2. 

Output Setting 3. 

Output Setting 4. 

Fisher Process: 

7 7 7    0 4 0 

Nl       N2 
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