This paper describes objective technical results and analysis. Any subjective views or opinions that might be expressed

Sandia The lterative Processing Frammewsiewrnewparamygrirseaatomatic event building m g w b
National Rigobert Tibi', Andre Encarnacao’, Sanford Ballard®, Christopher Young', and Ronald Brogan? (Email: rtibi@sandia.gov) ///’ v A'

Idl0 ' : : 1) ' ' ies: 2 National Nuclear Security Administration
Laboratories SL18-Signal Analysis-NDD2Ad Sandia National Laboratories; </ ENSCO, Inc., Falls Church, VA ty
OVERVIEW RESULTS 2100 ’ : ' - The spatiotemporal difference factor (STDF) between 2 common
1800 IPF/Baseline | _ events from the IPF and baseline bulletins is defined as:
In a traditional data processing pipeline, signal detections (i.e., arrival times, slownesses, and Bulletin C 1 . STDF = e~(@/4)?
P g pipeline, sig : : ulletin Comparison > 1500 P . )iy PR
: : : ‘ ; ‘ ‘ . ‘ 2 | where d = Dgp; + ATy X Vp; Dy is the distance between the
a2|mu’Fhs) are pasggd to a signal associator to form events. The alssomator then Ilmks th'e 500 —— — 2220 . . : . i @ 1200 e, A, oot vt e, s
detections to the fitting event hypotheses to generate an event bulletin. Most of the time, this , 40| * L el = 900 1 | velocity of 10 km/s, and A the distance scaling factor of 1500 km.
ifi ineli ' [ ' i 5 E .7 T 600 -
tradltpnal pipeline requires heavy human analyst myolvement to improve the quality of the | | = o0 o el STIOF v s el i vt s it e
resulting event bulletin. For example, at the International Data Center (IDC) human analysts b . 3 2180 - T andlor time.
. " . i L > 7z . |
= 200 | B .
spenq a S|gn|f|caqt amount of time and effort to correct the automated buIIetln.. We propose an 5 5 5160 _ 10 0.8 0.6 04 0.2 0.0 = Forcommon events between the baseiine and IPF buletin, most of
lterative Processing Framework (IPF) that includes a new data processing module that £ 100/[@ =3 11 Spatiotemporal Difference Factor the STDF values are between 0.9 and 1 (see figure on the top left),
: : : i e T 2 > R4 1 suggesting that the event locations in space and time are not
incorporates automated analyst behaviors (Auto Analyst) into the event building pipeline. In © || seeeine N = 2140 B s e e R s,
» . I . 1 O .
the proposed framework, through an iterative process, Auto Analyst takes over many of the A 2120 . . | m o N
- 9100 9200 9300 9400 9500 9600 9700 9800 9900 2250 2300 2350 2400 2450 2500 2550
tasks traditionally performed by human analysts. Number of Missed Events Mombarel Event bivpotlires 0.2 = In general, only events with limited number of associated arrivals in
" SEL3. gontains high _numbgrs of false events and missed events, = IPF generates ~6% more legitimate events and ~11% fewer false 0., the baseline bulletin are prone to significant changes in hypocentral
BACKGROUND explaining why it is rev!ewed and augmented manually to compareq to SEL_S' . location and/or origin time when associations are modified in the IPF
e iradiionaloiselin of svent buildin produce the LEB (top left figure). = |PF bulletin contains ~6% more legitimate events than LEB. 0.6 pipeline.
“ oo signal signal W PP o = LEB contains no false, but has the largest number of misses = IPF forms 87 more events than the baseline. 0.8
ata Detector Assouator e i e I (9,802) = Thanks to its single-station location capability, IPF creates man ; i ; ; il
o ‘ 2) The signal detections are passed to a signal associator, and e . . g , pebrity, A y ) 1.0 = For most events in the baseline bulletin, the AA in the IPF pipeline
— ) The sig X - ! = Baseline (PEDAL 522 fewer legitimate events and t hypotheses, which leads t ficant t s s
3)The associator links the: detections. fo. the fiting svent aseline ( ) misses ewer legitimate events an more event hypotheses, which leads to a significant improvemen ?afi.g.:,";..nw....m.m.... 100 orovides additional arrivals, as implied from the observation that the
; builds 193 fewer false events compared to SEL3 (GA, Global of the pipeline performance. A\ i - - s
hypotheses to generate an event bulletin. : , ) , majority of the data points in the figure on the left lie in the further
yp g 0 0
< - ; Associator (Le Bras et al., 1994), the associator currently used = On average, ~90% of event hypotheses result each in a valid 20 half
The traditional pipeline requires heavy human analyst at the IDC) event (top right figure) Numggroﬁo Bt alf.
-ymlw — — involvement to improve the quality of the resulting event : prghtig Atfivals -1g§se,1,$,2 140 1o o 2©
Events Traditional Pipeline bulletin. Best Matches
60 At the International Data Center (IDC): 1500
9 = About 43% of the yearly events included in the automatic
= 50} bulletin (SEL3) are rejected by human analysts as false. - 1200
o = The proportion of legitimate events added by human analysts @)
9 40 to the Late Event Bulletin (LEB) has steadily increased from S 900
5 ~10% in 2001 to ~30% in 2017 (see figure on the left), g_
8 30} requiring increasingly significant human effort. 0 600
4 = The workload on human analysts will continue to increase as T
S 20f additional IMS stations come online. : 300
S To reduce the human-analyst workload during the seismic = The exact location of the events from the IPF pipeline are dictated by the grid size.
£ 10} B reecteal|  €VENt b_uilding process, we are p_roposing an lterative = Nevertheless, these Iocgtions are good enOL{gh to outline known seismiczones. 90_ 3—0.2—-0.1 0.0 0.1 0.2 0.3
s s : s s 1 s : —| Processing Framework (IPF) that includes a new data = For the most part, location patterns are consistent between IPF bulletin and the best matches from the GT. : . ! ] . )
2001 2003 2005 2007 2009 2011 2013 2015 2017 processing module, which incorporates automatic analyst . ECS Change in ECS Value
Year lors | "rent bullding ploell Analysis of Auto Analyst Impact
behaviors into the event building pipeline. o ! e 3 ) N 274 ORID.a7072. REVID 6379740, IDATE. 2010140, B, 3 s For most events that are common between the baseline and the IPF bulletin, IPF improves the ECS values. That is, IPF processing leads to
3 4, ORID:55788, REVID:6376155, DATE:201?146, MB‘: 5wl : . i 9 . i : . : : . - . bettermatchestoeventsln theGT bu”etln
THE PROPOSED PROCESSING PIPELINE e
| IDC
The proposed pipeline, IPF, includes: =0 ]
= All the components of a traditional pipeline, and 80 w’—ji " . - » CONCLUSIONS AND OUTLOOK
- ﬁ o m::)ule (tjhat in%orp?;]ates al{matic analysth ,bfh,avi?r; fAt;to ol i , O IPF performs better than traditional pipelines.
nalyst, and provides the possibility to query historical data for 3 2 - . . .
_L empirical information. g £ oo} (d Most of the additional events built by the AA are low-magnitude events that were missed
Waveform Signal Auto T = sgx = . .
. b ' l petector A"a'vsf AA accomplishes the following tasks, grouped into 2 processes: g g >0 by the traditional processing plpellnes.
/' 1) Evaluate small (low NDEF) events to improve their formation g J The AA adds additional signal detections to existing events, which saves analyst time,
= Refine arrivals from arrays for low NDEF events by performing f-k % : . .
A — | even if the event locations are not significantly affected.
signal Signal = Rerun associator if any arrivals are modified in the process A R S e b o On average, ~90% of event hypotheses result each in a valid event.
petecer i) [ o 2) Scan unassociated arrivals to build potential missed events i i 10
= |dentify unassociated arrivals from array stations " ‘ ‘ ‘ ‘ o -W--—-——-—-——--—-—-—--——-—-J d For repeating events. waveform
I Waveforms " Compute Single Station |Ocati0n3 0 200 400 600 800 1000 1200 1400 0 200 400 600 800 1000 1200 1400 )
Signal Detections f " g . Time After Origin Time (s) Time After Origin Time (s) H H H
=;’::§::ed Astivals IPF Pipeline = Querry historical data for missing expected arrlva[s 105 = For existing events, AA detections are consistent with IDC or expert- correlatllgn : kﬂOWﬂltO be SUPGFIOI’
i Reprocesswaveforms §earchlng for expected grnvals IPF B 5l auto arrivals analyst's detections, suggesting that AA detections are generally to traditional detection algonthms : , |
= Rerun the associator with any new detected arrivals 4 . . - j Slehal
10 El assoc. auto arrivals correct. because Of its ab|||ty to detect | Detector g |
Bl assoc. to valid events . . ] e M- = A::It;t J
TEST SETTINGS AND DATA o = With its capability to detect at lower thresholds, in optimized detection S|gnals with extremely low S|gnal- | e -
= The association algorithm used in IPF is PEDAL (Draelos et al., 2015). e —— 3 bands that are informed by historical data, AA outperforms IDC to-noise  ratios. Adding a "
= The Earth is divided into 2°-grids uniformly spaced, with depth nodes in ,‘5' %:i 23 ‘?2?"‘:‘%’;::;&"@ = detector in less optimal conditions (e.g., noisy data). ’
region where deep seismicity is expected to occur, resulting in ~13,000 G ﬂﬁi{ AA gﬁwmﬁa\ waveform-correlation detector
ME H SOUANAY QNN .\
nodes (see figure on the right). ‘“ig‘ﬁ?ﬂ 'agfﬂ %"q uy&é%}:@%g& = About 54% of AA detections are associated to event hypotheses (valid (WCD) to the pipeline. as shown in e -J
= Test dataset consists of a 2-week period (1—14 May 2010) of the IDC “Aﬂ“’é‘:ggw%@xgxgﬁAnvﬁﬂ'ﬂﬁé $v 'gﬁ%§§‘ﬁ% or false), and ~48% are associated to valid events (see figure on the . PIp S : | \
signal detections. i K e £ = ¢ 2 5 left). the figure on the right, is expected | wacioms [ il e B
= For the same time period, an expert-analyst compiled a more complete, (ALK $ wu Aﬁymv A‘A éw ] : : Signal Detections B
high-resolution bulletin (Unconstrained Event Bulletin, UEB (Linville et al., gﬁ vé " i LR % ﬁ“}'v‘fm@j / to dramatlca”y increase  the -mﬁdm‘“ﬁm'ﬁ T—
2019)). {&gﬂ mﬂ “ ‘"W jgga;‘,% [ ———— number of event hypotheses
= UEB contains 11,378 events and includes all the events from the LEB and == = g. = éé 10 3 Baseline E . T
many legitimate non-LEB events (see figure below, right). é ‘ ) ' "' o BN Added by IPF dUI'.Ing the event bU|Id!ng process,
= UEB is the ground truth (GT) used to assess the quality of IPF bulletins. o %) 6 © 102 ] which we expect to improve the
= For bulletin comparison, we used an event commonality score (ECS) that is a function of both the spatiotemporal distance and the association o N T
difference between the events from the bulletin to be evaluated and the events from the GT bulletin. .. ’ 8" % . performance of the plpe“ne-
ot com. C 10 4 . . . .
|MS Stat|0n 5 oS L= l—| [ The impact of a WCD on the pipeline performance will be the focus of a future study.
= " ® 0 I_II
W03 "4 5 6 7| REFERENCES
Magnitude (my) = LeBras, R., H. Swanger, T. Sereno, G. Beall, R. Jenkins, W. Nagy, and A. Henson (1994). Global association final report, SAIC Technical
Report SAIC-94/1155.

= Draelos, T. J., S. Ballard, C. J. Young, and R. Brogan (2015). A new method for producing automated seismic bulletins: Probabilistic event
3 4 5 detection, association, and location, Bull. Seismol. Soc. Am., 105, no. 5, 2453-2467.

Magnitude (m;)

= Linville, L., R. Brogan, C. Young, and K. A. Aur (2019). Global to local high-resolution event catalogs for algorithm testing and source studies.
= The AA built 150 additional events (not available in the baseline). Submitted to Seismol. Res. Lett.
= Most of these additional events are low-magnitude events that were missed by the traditional pipeline of event building.

The authors acknowledge the support of the National Nuclear Security Administration Office of Defense Nuclear Nonproliferation Research and
Development for funding this work. Sandia National Laboratories is a multimission laboratory managed and operated by National Technology &
Engineering Solutions of Sandia, LLC, a wholly owned subsidiary of Honeywell International Inc., for the U.S. Department of Energy’s National Nuclear
Security Administration under contract DE-NA0003525.



