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ABSTRACT 

The long-period vertical-component data from 18 

celeseismic earthquakes recorded at the Montana LASA were 

prefiltered and time-shifted to dettrmine the amount of 

signal loss, rms noise reduction, and signal-to-noise 

ratio improvement which results from beamforming. 

The results show that, for all 18 events, the average 

signal loss is less than 1 db, the average rms noise 

reduction is equivalent to a factor of N5, and the average 

value of the improvement in the signal-to-noise ratio is 
k 

less than 1 db below the N* factor. 
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INTRODUCTION AND PROCEDURE 

This study was conducted to evaluate the efficiency 

of LASA long-period beams.  The data are long-period 

vertical-component recordings of P-wave arrivals from 18 

teleseismic events that occurred between 18 November 1966 

and 28 September 1967 (Table I). 

The LASA long-period array consists of 21 three-component 

elements (one vertical and two horizontal instruments) which 

are located at the center of each of the subarrays which 

make up the LASA short-period array.  For this study only 

the records from the vertical-component instruments of the 

long-period array were used (Figure 1). 

The purpose of this study is to determine the amount of 

signal loss, rms noise reduction, and signal-to-noise gain 

which results from beamforming the long-period vertical- 

component traces for each of the 18 teleseismic events.  The 

basic procedures include reformating the original data, 

prefilteringj time-shifting and summing. 
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Figure 1.  LASA long-period array configuration 



PROCEDURE 

Digital seismograms are recorded at the site in multiplex 

form at the rate of 80 0 bpi.  The original magnetic tapes for 

the long-period seismograms are recorded in "slow mode" which 

has a sampling rate of 5 pps.  During the period from 

18 November 1966 to 28 September 1967, when the events used 

in this study were recorded, the long-period vertical-component 

seismometers at LASA were operating on responses "A" with a 

peak sensitivity at a period of 25 seconds. A typical response 

curve is presented in Hartenberger (1967). 

Prior to beamforming the array, the original seismograms 

were demultiplexed and the resulting records were detrended, 

demagnified, and prefiltered.  The sampling rate of the 

demultiplexed "slow mode" tapes was reduced from 5 pps to 

1 pps and the resulting time-series was converted to the SDL 

library format.  The library tapes were detrended, thereby 

removing the mean.  The records were demagnified to correct 

each trace to equivalent earth motion in irillimicrons at 

the peak response by using the calibration data from 

6 March 1957.  The data were then prefiltered to the period 

band 15-50 seconds using a U-pole Butterworth filter. The 

response curve for this recursive bandpass filter was pre- 

sented in Hartenberger (1967). 

In order to form the beams for the LASA long-period 

vertical-component array, the prefiltered traces were 

time-shifted to the earliest arrival by applying travel- 

time differences computed from the JB travel-time table 

and station-to-epicenter distances.  The computed 

travel-time differences were corrected by the observed 

average travel-time anomalies for each epicentral area 

as determined by Chiburis (1966). 

-2- 



An earlier study by Hartenberger (1967) has demonstrated 

that beamforming the LASA long-period array reduces the rms 

noise by a factor of N* if the minimum sensor spacing is 

approximately 20-30 km. Thus, for this study, in order to 

obtain a minimum sensor spacing of 20 km, the B-ring of 

seismometers and either the C-ring or the center seismometer 

(AOZ) were omitted from the phased sum trace. 

For each event the signal amplitude, the rms noise 

amplitude, and the signal-to-noise ratio were computed from 

the individual traces and the phased sum t-^ace. The signal 

amplitude is defined as half the maximum peak-to-trough 

excursion occurring within a 160-second window following the 

onset of first motion. The rms noise amplitude is defined 

as the root-mean-square value obtained in a window preceding 

the P-wave arrival. The length of the noise sample for the 

events used in this study varied from 17 minutes to 75 

minutes. 

For each of the computed quantities, the mean value of 

the individual traces was compared with the value of the 

phased sum trace. Gains and losses, in decibels, were 

determined from the following formula: 

db = 20 log palue on the phased sum 1 
0 mean value of individual traces 

-3- 



RESULTS 

The final results of the aiuplitude analysis are listed 

in Table II under the three headings: signal, rms noise, and 

S/N. The right hand column under each heading shows the gain 

or loss»in db, as determined by the formula given above. 

The final column in Table 2 shows the N* factor for the 

given event. 

Figure 2 shows the loss in signal amplitude, relative 

to the number of sensors included in the phased sum, which 

results from beamforming the LASA long-period array.  The 

signal loss is greater than 2 db for only one of the 18 

events.  The average value of the signal loss for all 18 

events is less than 1 db. 

iigure 3 shows the rms noise reduction achieved by 

beamforming the long-period array.  The noise attenuation 

is plotted as a function of the number of sensors included 

in the phased sum.  The corresponding N* value is indicated 

by the solid line.  The rms noise reduction for only one of 

the events is less than one db relative to N .  The 

average value of the noise attenuation for all 18 events is 
u 

equivalent to the N^ value. 

Figure 4 presents the signal-to-noise ratio improvement 

resulting from beamforming the LASA long-period array as a 

function of the number of sensors included in the phased sum. 

The N2 value is indicated by the solid line.  For one of 

the 18 events the improvement in the signal-to-noise ratio 

is more than 3 db below the N* factor, for two of the events 

it is between 2 and 3 db below N , and for two other events 

it is between 1 and 2 db below the N^ value. The average 

value of the improvement in the signal-to-noise ratio for 

all events is less than 1 db below the w* factor. 

-4- 
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Comparison of Figures 2, 3, and U shows:  (1) the low 

signal/noise improvement, relative to w* for N = 9, is due 

to the low rms noise reduction, because for the same event 

ths signal loss is very small, (2) for the event with N=15 

the relatively low signal/noise improvement results from a 

comparatively high signal loss because for this event the 

rms noise reduction is equivalent to the N* factor, (3) for 

the event with N = 1U and the lower signal/noise improve- 

ment, the signal loss is very low but the rms noise reduc- 

tion for the same event is also relatively low, and (»O for 

both events with N = 12 and N = 13 the average value of 

the signal/noise improvement is nearly equivalent to the 

corresponding N* value because of the low average value 

for the signal loss and the relatively high average value 

of the rms noise reduction. 

-5- 



CONCLUSIONS 

The following conclusions are based on the results of a 

beamforming study which used long-period vertical-component 

data from the Montana LASA. 

(1) For the 18 events studied, the average value of the 

signal loss resulting from beamforming the long-period record- 

ings is less than 1 db. 

(2) The average of the rms noise reduction for the 18 

events achieved by beamforming is equivalent to the N* 
factor. 

(3) The average value of the signal-to-noise ratio 

improvement produced by beamforming the long-period 

vertical-component recordings is less than 1 db below ^. 

-6- 



REFERENCES 

Chiburis, Edward F., 1966, "LASA travel-time anomalies 

for various epicentral regions" Report No. 159, 

Seismic Data Laboratory, Teledyne, Inc., Alexandria 
Virginia. 

Hartenberger, R.A., 1967, "Power spectra and noise-reducing 

qualities of LASA beams". Report No. 202, Seismic 

Data Laboratory, Teledyne, Inc., Alexandria, Virginia. 

-7- 



UnclflSRifipfi 
Security Cl—tflotton' 

DOCUMENT CONTROL DATA • RAD 
(MtuHIr cl—<«c«Hl ol Mtln. torfy ol akalfmtt anä mdrmint mtnoimlion muH b» anfnd M*«n «M «varaH M|WM ia elattllltd) 

MIOMATIN 0 Ac+Mf V IRSSSB SO   ' 

TELEDYNE INDUSTRIES, INC. 
ALEXANDRIA, VIRGINIA 

(a   nCPONI  tCCUMITV   C UAHiriCAf'lSnT 

16    «NOUP 

t  WPOMT TITLK 

A STUDY  TO  EVALUATE THE EFFICIENCY OF   BEAMFORMING  THE  LASA 
LONG-PERIOD ARRAY 

itrt Hflf H ff^.. 

mnnsnssna 
Farnham,  P.R. 

B BSSSS BSST 

siaaj  

•■ MM nr okrä 
8 November 1968 

8F10 

226 
WftJ 

AM atar *• —10*4 

•«.   CONTNACT OR «ttANT NO. 

F  33657-68-C-0945 
k  PIMJCCT MO. 

VELA T/6702 

'ARPA Order No.   624 
rfARPA Program Code No.: 

I«. AVAIkAaiLITV/LNNTATION NOTKiti 
This document is subject to special export controls and each trans- 
mittal to foreign governments or foreign nationals may be made only 
with prior approval of Chief, AFTAC. 

• » qiHummffomr Moffl; (Anr •»»» 

»1   tU^LCMKMTARV NOTIS II. S^ONtONINO MUTARV ACTIVITY 

ADVANCED RESEARCH PROJECT AGENCY 
NUCLEAR TEST DETECTION OFFICE 
WASHINGTON, D. C. 

II *«T«ACT   

^4 The long-period vertical-component data from 18 
teleseismic earthquakes recorded at the Montana LASA were 
pref11tared and time-shifted to determine the amount of 
signal loss, rms noise redusJ^ion, and signal-to-noise 
ratio improvement which results from beamforming,(L 

The results show that, for all 18 events, the average 
signal loss is less than 1 db, the average rms noise 
reduction is equivalent to a factor of m,  and the average 
value of the improvement in the signal-to-noise ratio is 
less than 1 db below the nh  factor. 

S 

14   KCV «OIIOS 

LASA 
Seismic Array 
Beamforming 

Unclassified 
Security Classihcatioii 


