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ABSTRACT 

The problem of separating Rayleigh waves from two distinct 

epicenters received simultaneously was studied.     The relations between the 

target-to-interfering-event (TTIE) ratio and interfering event suppression 

as well as target event extraction in MCF design were examined.    Using the 

vertical components of the array,   the results show that interfering event 

suppression increases as TTIE ratio increases.    For the data recorded at 

LASA,  using a 5-channel,   21-point MCF designed with a TTIE ratio equal 

to -10 db and -40 db.  the interfering event was suppressed by : 5. 5 db and 

22. 0 db respectively.    There was no significant signal distortion. 

The coherence between the vertical and horizontal traces of 

an individual site was examined,   using two UBO samples.    Utilizing a 

2-channel,  43-point prediction filter,   prediction errors of -9. 1 db and -16.4 

db respectively are shown in the results. 
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SECTION I 

INTRODUCTION 

Presented in this report are the results for s'eparating Rayleigh 

waves from two distinct epicenters received simultaneously by LASA long- 

period array under the assumption that both events have been detected and their 

epicenters have been located by other means.    The simulation was done by com- 

positing two events from different epicenters.    The vertical component of the 

two events were composited at several different ratios in order to examine the 

effect of target-to-interfering-event (TTIE) ratio on the interfering event sup- 

pression for Wiener signal-extraction multichannel filters.    The two events used 

to form the composite originated in the New Hebrides Island and Hokkaido,   Japan. 

Azimuthal separation between propagation vectors for these two events at LASA 
o 

was about 55  . 

The coherence between vertical and horizontal traces has been 

studied in this report.    The two events used for the experiment were received by 

UBO and originated in the Soloman Island and Rat Island.    A Wiener multichannel 

prediction filter was designed to predict the vertical trace from two horizontal 

traces.    The mean-square-prediction error was measured. 

( 
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SECTION II 

EVENT SEPARATION USING VERTICAL COMPONENT MCF PROCESSOR 

Simulation was accomplished using a synthetic composite 

event that consisted of the interfering Hokkaido event and the target New 

Hebrides event.    The Ao and C-ring vertical traces from LASA were used for 

time-domain MCF design.    Each trace consisted of 1600 sample points with a 

sample period of 1 second.    For compositing the events.   New Hebrides data 

were scaled down such that the peak power level of the Ao trace was lower 

than that for the Hokkaido event by 10 db,   26 db,  40 db,   and co db,   respec- 

tively.    The composite traces were interpolated by a 6-point Langrange's 

interpolator and time-shifted to align the target event.    The velocity used in 

calculating time shifts was 3. 5 km/sec.    In the MCF design,  the measured 

covariance matrix of the composite event was used as the covariance matrix 

of noise,   and the measured correlation function of Ao was used as the signal 

correlation.    The main diagonal of the measured covariance matrix was 

scaled by 1% for stability and in the Wiener Filter design equations a S/N 

ratio of 4 was used.    In this section,  all MCFs are 21 points long. 

The designed MCFs were applied to the individual New 

Hebrides and Hokkaido data sets which were interpolated and time-shifted to 

align the target event also.    The results are shown in Figure 11-1, 

The interfering event suppression increased as the TTIE ratio 

increased.    With the New Hebrides event 10 db down in the composite event, 

the MCF can suppress the Hokkaido event 15. 53 db down while the Hokkaido 

event can be suppressed a^much as 22.07 db if the composite event consists 

of the Hokkaido event only.    The target event was passed almost without dis- 

tortion for the MCF designed with the New Hebrides event mote than 26 db 

down in the composite event.    A 0. 168-db target-event suppression was 

measured for the case with the New Hebrides event down 10 db.    The mean- 

square-output (MSO) of the MCF and its ratio with the mean-square-value 

(MSV) of the reference trace Ao are shown in Table II-1.    In every case the 

^target waveform was essentially undistorted. 
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The power density spectra (by direct Fourier transform of the 

time trace) of the MCF outputs along with thjse of Ao Hokkaido and New Hebrides 

traces are shown in Figure II-2.    Most of the interfering  event suppression 

occurred between 0. 03 and 0. 07 Hz, where appreciable power exists.    The peak 

value of interfering event suppression was about 24 db (at 0, 039 Hz) for the 

case with Ute New Hebrides event down 10 db,  and 34 db (at 0. 042 Hz) for the 

case without New Hebrides in the composite event. 

In order to see the effect of the white noise added in the. MCF 

design,  one run was made with 0. 3 percent of white noise added to tfhe covar- 

iance matrix of noise and with New Hebrides, eliminated from ^he composite 

event.    The results show 1. 21 db (average power) better interfering event 

suppression. 

Table II-1 

MEAN-SQUARE OUTPUTS OF MCF PROCESSING 

MCF Processor 

New Hebrides Hokkaido 

Mean- 
Square 
Output 

MSO/MSV 
of Ao 
(db) 

Mean- 
Square 
Output 

MSO/MSV 
of. Ao 

.  (db) 

With New Hebrides 
10 db down 

8.429 x JO4 -0.168 7.519 x 103 -15.53 

With New Hebrides 
26 db down 

1.211 x 105 -0.011 1.848 x 103 -21.61 

With New Hebrides 
40 db down 

1.216 x 105 
-0.009 1.688 x U3 -22.00 

With New Hebrides 
oo  db down 

1.212 x 105 -0.010 1.670 x 103 -22.07 

With New Hebrides 
ot, db down (0. 3% Noise) 

1. 124 x 105 -0.040 1.2^6 x 103 -23.28 

Ao 1.241 x 105 2.656 x 105 
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SECTION III 

COHERENCE BETWEEN VERTICAL AND HORIZONTAL COMPONENTS 

This section is concerned with efforts made to examine the 

coherence between vertical and horizontal traces of an individual site by pre- 

dicting the vertical trace from two horizontal traces.    The data used for this 

study were recorded at UBO and originated in the Rat Island and Soloman 

Island,   respectively.    The data were sampled in l-second periods.    UBO is 

a seve^i-element array,   but only one of tlhe elements was used in the experi- 

ment.    The vertical and horizontal traces of the two events are shown in 

Figures III- 1 and III-2. 

All the prediction filters that were designed   ixe 2-channel and 

43 points long,  with 0.3 percent of white noise added to the covariance matrix 

of horizontal traces.    For the Soloman Island event,  a prediction filter was 

designed by using all  1000 points of data.    The filter output and error traces 

are shown in Figure III-3.    The ratio of mean-square-error (MSE) to MSV of 

vertical trace is 0. 121 (or -9. 16 db), which was discouraging.    The power 

density spectrum of the vertical trace and normalized prediction error power 

density spectrum (normalized by the vertical trace power density) are shown 

in Figures III-4 and III-5.    The smallest prediction error was -15 db at 

0.025 - 0.045 Hz range, where appreciable power exists in the vertical trace. 

The 500 data points of the Rat Island event were used to design 

the prediction filter.    The results are shown in Figure III-6.    The ratio of MSE 

to MSV of verticaltrace is 0. 0226 (or -16.43 db),  which was encouraging. 

The power density spectrum of the vertical trace and normalized prediction 

error power density spectrum are shown in Figures III-7 and III-8.    The best 

prediction error is -23 db at 0.045 Hz, where vertical trace has peak power. 

This result shows considerable coherence between vertical and horizontal traces. 

/ 
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Figure III-l.    Solomon Islands Event 
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Figure III-2.    Rat Island Event 
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SECTION IV 

The following conclusions are based on the results discussed 

in the previous sections: 

•       The interfering  event   suppression increases as 
the interfering-to-target-event ratio increases. 
For the limiting case —when the target event is 
completely eliminated - the MCF can reduce the 
interfering event 22.07 db in the broadband sense, 
and the peak value interfering event suppression 
is about 34 db at 0. 042 Hz.    For target event 
10 db down,   the MCF can suppress the interfer- 
ing event by only 15. 53 db in the broadband sense 
and 24 db (at 0.037 Hz) for peak value interfering 
event suppression. 

•       The coherence between vertical and horizontal 
traces is not conclusive.    The prediction 
error is -9. 16 db for the Soloman Island 
event, and -16.43 db for the Rat Island event. 
The different prediction error may have been due to 
complications from scattering along the path.    It is 
however,  not clear what causes this phenomenon 
nor how great is the variability in horizontal-to- 
vertical component predictability.    This data suggests 
that 3-component multichannel filtering techniques, 
which were previously not too successful at LASA, 
would again be of little help at UBO. 
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