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Introduction Signal Propagation - Getting the Signals Out to Distances Signal Analysis - Processing the Observed Signals
In the 20 years since the CTBT first opened for signature, tremendous progress has The event source is generally not directly observable. Consequently, in the observed signal, Signals created by sources, propagated through the solid earth, oceans, or atmosphere,
been made in monitoring capabilities. This poster previews work in an upcoming one must account for degradation as it propagates before it is observed at recording stations. and recorded by the sensors must be processed to form hypotheses of possible nuclear
monograph which seeks to review and summarize the research trends critical to Signal propagation research has improved our understanding of seismic, infrasound, events. We refer to this final processing step as Signal Analysis.
improving detection, location, and discrimination of nuclear tests. As researchers hydroacoustic, and radionuclide signals. Sample Trend: From simple, statistical location algorithms to physics-informed
striving tc_> continuously expand our collective knowledge and capabillities, it is vqluable Sample Trend: From 1D to 3D models algorithms for infrasonic analysis
to occasionally pause and observe the arcs of progress. Our monograph provides a -
summary of such trends, includes tutorials and links to key journal articles, and guides e . - . Source localization is a key component
o _ , e Location Accracy v Wl e Traditionally the earth models used to predict P and S simple, tatistical A of network-level analysis in nuclear
the reader through the world of monitoring research. Trends are organized using a ’ Events inalniate TR E) ~ travel times for seismic event locations have been one- Source Localization | o ——— | explosion monitoring because further
physics-based approach with chapters on source, signal propagation, sensors, signal Giabai 10 dimensional (1D), radially symmetric models where m ' modes or propsgaton analysis (estimation of source energy,
analysis, and cross-cutting trends. This poster shows the list of trends discussed in Improvement ‘ _ seismic velocities and density vary only as a function of b N — height-of-burst/depth-of-burial, etc.) is
o in location L depth. Examples of such models are the Preliminary 5 o e ! —N\L Y dependent on the relative locations of the
each chapter of the book, and highlights a sample trend. error and | 1 — it e s1a = . . Localization | o7 Bavesian fromework AV, P
’ location il [ESTEE—" soRstT 2 Reference Earth Model (PREM) (Dziewonski and Uncertaint cll BRVAP ¢ multaneous atmosshere perturbation an source  and receivers. Correctl
gnc;t:gtsiir?ty g £ Anderson, 1981), iasp91 (Kennett and Engdahl, 1991), B (o _Fﬁl l‘, 5 “‘f_m’”mmﬂ’%rmﬁrm;ﬁmﬁm d quantifying the uncertainty in thg
Source Physics — What happened at Ground Zero frﬁm1Dt% g B Z or ak135 (Kennett et al., 1995). Even though travel - :_j 'i* \ | localization estimate is required in order
Source physics research focuses on improving our ability to understand what SDmodels B g e o 2 times predicted using these models vary only as a ol S to quantify uncertainties in the results of
happened at the source, based on the observed signals recorded by sensors. Of — 3 function of source-receiver distance and source Rt .. i this continued analysis. Although seismic
tical | t ] bility to ded heth A | . o  Uncertainty depth...” »  |ocalization estimates are typically more
critical importance is our ability to deduce whether an event was a nuclear fEmm e e | 2000’s Present Future robust and  precise, infrasonic
explosion, chemical explosion, or earthquake. 19905 S = contributions...”
Sensors - Recording the Signais....
S Physics - What H te dz Signai Propaguiion-GehingfheSignalsOuHo Distances ..o FromIImITeddvnamlcrangesensorstc:hons*rohnghresolu‘rlonbroadbandsensorarrcys
sl A s A e N From I f broacbond, mukparomeersufcce wove dsperion moddls . o aeeulcipesto e mecsutaments o fecong occuc noe ... Siamal Anlvis . Processing the Observed Siandls
The table Of ContentS fOr From defection of single to multiple isofopes .. R R R R R R From low-resolution a prior] crustal modieks 1o high-resolution data driven Crustal models ... From simple to complex sensor deployment plc:nnlng 9 Y 9 9

From single to multi-phenomenclogy infegrated analysis .............ccccveeeviiieccceeee e,
From idedlized to adaptive infrasound signal detection algorthms ..o,

From adapted to infrasound-specific propagation tools ..

From dedicated calibration facilities o on-sensor calibrations ...
From generdlized climatclogy-based models to statistical mfrc:sc:und pmpcgcmon models

From simple analytical models to phenomenologlcul numerical coiculu‘rlons for rqdlonuclldes
From narrow-band magnitude estimates fo full spectral estimates of the source .

each chapter shows the

From uncertainty to tfraceability in MEasUreMENTS ...

. . ) . ) From seismic noise to seismic sianal .. i inci i Fr e-0r- nalysis t e- fre IS
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From 1D 10 3D edrth Models ..., From longer to shorter integration periods for in-feld ANGIYSES ..., From simple, statistical location GlgonThms to physms—mformed uigonThms
. . From expert system to model-based event screening .. BTGP0 o E :
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rom phase amplitudes to envelope amplitudes . ; ; i i
From 5|mp|e phvﬂcgi chhﬂg laws to pqrgrﬁefﬂc 5em|_emp|r|cg| models for explomve |nfr050ur P P op P F ! ! riculat lect From radionuclide detection to source disChiminaiion ... et eseeseeees
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Sensors — Recording the Signals

Sample Trend: From surface-to-body-wave magnitude ratios to corrected Sensors come into play at the operational stage after signal propagation. Sensors collect the

. ) i continuous data (waveforms and radionuclides) that will be processed to detect, locate, and Summa
regional phase amplitude ratios . oo o< ummary | o
Near the beainming of the atom — categorize events of monitoring interest. Waveform sensor systems take seismic, We identified over 40 key research trends related to nuclear explosion monitoring. An
e ear the beginning of the atomic age a key challenge was hydroacoustic and infrasonic signals and archive those data acquired along with their i i i i
{e.g.,hmadcgmfne:_a:aq.f.:nm.namn; distinguishing seismic waves caused by underground nuclear y g q g associated book is planned for release by June, 2017, which discusses the past,
as W ,_;m’i e ——————— explosions from those of earthquakes (Leet, 1962). Combining metadata. present, and future for these trends. Each trend covers key research developments
] " teleseismic amplitude measurements made at variable Sample Trend: From simple to complex sensor deployment planning and links to references. Moreover, chapters are enhanced by tutorials to aid the non-
.%_E_ ' Cma frce)qu;r;cgstlr?elt;aelIymS:;\ée(:etr?]ee:tlzcnr:;n?r:fnrgtrgbgn;o:he ;T:'C())S; Improvements in Network Planning Capabilities “The establishment of a global monitoring etwork expert reader The bOOk focuses on trends related to source phyS|CS, Slgnal
£ e g u u w i -peri . . - . - - - -
TE- R E rtacowave  magnitude, Ms, to shortperod bodyware SSRS S requires the commitment of significant resources in propagation, sensors, and signal analysis, as well as cross-cutting trends, and covers
i“ — magnitude, mb, as initiated by Brune and Pomeroy (1963). The a3 s order to build _th]:e stations, Cogstructbl_ah rellgble seismic, infrasound, hydroacoustic, and radionuclide signals. We hope this upcoming
58 success of this discriminant led Evernden (1969) to summarize, to simulation 8 o surce s Zﬁ;g?:'iiﬁgf Ig;ztS;::Ctglfﬁnaerr]s E)S/?otrlmsesizae 3:2 publication will be a help to all researchers in the monitoring arena, and, in particular,
8= Global MDAC + u : : T fidelity through £ ldecessomosenmsacsnnes con i oiniigmsms. . . .
B oty Therefore, the basic problem for differentiating earthquakes laelity Tnrough -~ £ Global t
- ’ iime, as the @ s : o new researchers and those looking to branch into new areas of research.
3 and underground explosions of magnitude 4% or greater by rL,r';‘Zeﬁ,fg ° £ || sotar. e peﬁormgnce_of the individual stations qnd use that J
— o e seismic criteria has been solved.”. .. © ability 3 | | St e information in order to evaluate station location
0 his estimate assumes negligible emplitude measuremant error - e ) = ;:rﬂpg;aﬂu;:;mis . . .
1955 Present  Future “....Future R&D will focus on improvements to the explosion TPTOVES ANRE da options based on projections F?f the performance of
o and earthquake source models and calculation of their =, Wi the qverall net\_/\{ork. In addition, this .deploy.mc_ent
tectonic yegional disoimination uncertainties so that an explosion discriminant can be used in a et glaqn_|ng Cafab'“tydwotjldd_be tﬁse_fUI mt ?css;s:!ng
of small tests. new test location and a confidence can be assigned to the ecision makers unaerstanding the impact ot station : : £ : :
event identification” g m— — e outages as well as maintaining and upgrading For further information, or to be notified when the book is released, contact leslie.casey@nnsa.doe.gov
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