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RESULTS (PRELIMINARY)

Aftershock Map Tohoku Earthquake Filter Array i Corr # of catalog % catalog events # of additional
DATAS ET (TOhOku Aftershock Sequence) e S s band elements Threshold events seen at belonging to a events identified
-Mainshock occurred 5:46 UTC on March 11, 2011. i used (STA/LTA) Eaten family
*Mw of 9.0 occurred at 38.322°N and 142.369°E e
*Aftershocks used in our study were limited to a lat-lon box of 32-42°N :% MIJAR MJAR .8-5Hz 5 69 sec 5 1013 85% >439
and 139-146°E; the diameter of the cluster is approximately 745 km. 4
*The time period used in our study was March 11 6:00 UTC to March
13 02:00 2011; there were 1013 aftershocks in the IDC-REB catalog for
this period. Hiroshima
.We retrieved data from array M]AR’ 415 km away from the main Jatsuyama Template: 3/11/2011 at 12:11:34. Orid: 7337810, Lat: 39.0404, Lon: 144.5825 I T T I
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Seconds after Mainshock

Match: 3/11/2011 at 20:52:30. Orid:7326648, Lat:38.9852, Lon:144.4321
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[y — and o T ——— To move towards an operational system, the WC Detector must recognize that a swarm has started, and prepare itself for processing incoming data. Based
i AT 2 correlation value, etc

Figure 6: The WCDetector tended to find matches at times when the LEB arrival table
had an arrival, as expected. Occasionally we detected “new signals” not in the arrival
table. LEB arrivals not detected via WC were added to the library as new templates.
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on our previous work, we determined that the following parameters had significant influence on the accuracy of results: window length, filter band,
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correlation threshold. The most significant of these being the correlation threshold.
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WINDOW LENGTH e e

Lbrary (Archive) WlndoYV length refers to the nurpber of seconds of wavgform captured for Fhe.rjnaster waveforms al | 1 Figure 5: An event family, consisting of a template (red) and match
stored in the Master Waveform Library. We found that this parameter has a significant effect on the A S

(blue). In this case the match was an event in the LEB catalog, and we
number and quality of matches found. A window that is too short leads to false matches - S arrivals see that the template and match have nearly the same locations in the
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Wlndow Length too short

oosvonsrnmsienr ) [ Wi can correlate with a master waveform’s P arrival, short snipets correlate when the overall envelops MWMWWWM”\NWWWM LEB catalog.
5 don'’t, etc. A longer than necessary window wastes processing time and increases the probability of .
seconds new arrivals corrupting the signal. We found that a window length that includes the P arrival and the ks
beginning of the S arrival works well. This also helps improve accuracy, since event to station distance : : W'”""Y” Length - just right .
is reflected in the P-S separation. A |
Our approach: Given a station and an aftershock region, we determine the difference between 1
the theoretical P and S arrivals for historical events. We set the window length to 1.2 times the ’ * “ _—
median P to S separation. 500 4 439
Figure 3: The same master waveform plotted at different window B masters that match 450
Data Stream Parallelism lengths. The green bar is the theoretical P arrival, the red the at least one catalog 400 Catalog event | An event listed in the IDC-REE catalog during the
theoretical S arrival. event 250 time period of the WED run.
SELECTING THE CORRELATION THRESHOLD M mastersthat match 200 MaSIETIVERE | ich ther signals are matched
v ¥ . ¥ Dlata puflers Data Stream —— Selecting the correlation threshold is one of the most critical factors in the success and accuracy of the WC Detector. We chose to implement the ety e sgnalis 250 e Sfpl e R
f — method described by Schaff (2008), which is similar to Gibbons and Ringdal (2006), because we wanted an objective method for automatically = nique masters i:g STLTIIE LT R I SN
determining a suitable threshold for each master waveform. In Schaff’s method, each array element is correlated against the template waveforms and _ Cacsicy SRR LR T e
the results are averaged. Then STA/LTA is used to identify when the correlation is at a local maxima, and declare a match. Using STA/LTA allows us to 1:2 Family A master event and its matches.
use a constant threshold regardless of the window length. 0 Event not An event which would otherwise be 3 master,
usable but is cormupted by anather arrival or & data
) Our parameters: STA/LTA theshold = 5. STA length = 5 sec; LTA length = 20 sec. sventsnot masters- masters  unique  catalog  new dropout.
[ ICorrelation Tasks[_ Detection Agent usahle catalog e masters  matches  signals Unigue A master which did not find any matches
* Gibbons and Ringdal (2006). The detection of low magnitude seismic events using array-based waveform correlation, Geophys. J. Int. 165, 149-166 eventis) signalis) i
* Schaff (2008). Semiempirical Statistics of Correlation-Detector Performance, BSSA, 98, 1495-1507 a. MJAR - Master events {132} b. MJAR = WC detected events with
‘l correlation STA/LTA> 5 and correlation > .1
y Al Performing waveform correlation on arrays allows for enhanced performance compared to using single element stations. Using
Correlation Values Detection Log multiple array elements ensures that directional information is factored into determining whether a match is declared. In addition,
using multiple elements beats down the noise.
Projected Time to Process 3 days of Data Template and match at single array elemen Figure 4: The advantages of using arrays vs single element stati(?ns is FUTU RE WO RK
- WLb:,: ?anl:fm glee I:aneI:IStt(I;?ttide %Kllg;t;:ag}:zrgdpl; ?ﬂﬁg;gﬁg;:‘ﬁgf%;ﬁiggn}rﬁft One Automated parameter selection is an important step toward an operational system. However, much additional work needs to be done before that vision
‘. Sample rate: 20 hertz beamed signals correlate much more strongly, and are significantly less can be a reality.
Correations. 4,580,650 noisy. Automatic start-up: An operational system needs to automatically recognize that a swarm has started and set up the processing parameters.
~ Integrating Waveform Correlation Results across a Network: Our work to date has focused on using waveform correlation on a station-by-station
: basis. For an operational system, waveform correlation must be used for a network of stations. In further research we plan to explore how to combine
g S the results from multiple stations.
Multiple Family Correlations: In our current project we have found several cases where an incoming waveform correlates with more than one master
event waveform. It is not clear how to resolve this ambiguity because the highest correlation match does not always match an analyst’s choice for a
m match. This situation typically occurs when the new event is located geographically between the two master events - close enough to both of them to
16 minutes correlate even though the masters aren’t close to one another.
o . - Integrating a WC Detector with traditional event detection and identification: An operational system would require integrating with the existing
Number Machines (& cores per machine) J K processing scheme. A WC Detector finds only repeated events; it cannot replace traditional processing.
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