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Scisola: Automatic Moment Tensor solution for SeisComP3

A summary in Greek follows.
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Scisola: Automatic Moment Tensor solution for SeisComP3

Tovvortig Xetoutxnys Pomiyg

O Tavvotic Zetoptxfic Pomtig (TEP) eivor pto pobnpotixy oavaropdotoon
¢ oAlobnorng xatd TN OLdpxelor TOL OELOUOV XOL OYETI(ETOL QUECO KE TN
YewueTplor TOL  PNYHoTog oL To  peéyebog Touv  oewopov. Ov TEP
XoNnoLpomoLodvTol o €var  ELPV  QAOUO  EQELYNTIXWY  Depdtwy NG
OELOUOANOYLOG OTTWG TN OELOROTEXTOVLXY], TN OLOYETLOYN UETOED OELOUWY WE
Bbdon ™Y ®ALoxor DTTOAOYLORWY TWY KEYED®Y TOLG XOL TNY OVTLOTPOPY TOL
ToWLOTY NG Téorc (stress inversion), Tnv povtelomoinoy Bohaooiwy xVpATWY
Bapbtnrog (tsunami), TwWY TEOGILOPLOUS TWY XATAOTEOPWY XTA. X0 WG EX

TOUTOL ElVOL ONUOYVTIXOS O YPYOPOG XL ELOTILGTOS DTTOAOYLOUOS TOUG.

AteOvyg epumetpla
O vroroytopdg tov TEP pmopel va ywpLotel oe dVO XATNYOPLES, VAAOYOL UE
NV TPOEAELON TWVY OEGOUEVWY:

1. Oedopéva amd moryroopLo dixtTuo

2. Jedouévor Al TOTULXA N TEPLPEPELOXA BiXTLA
‘Exovv  vAomounbel  didpopeg  pYooieg  TOL  TMEOYUOTOTOLOVY TNV
OVTOUUTOTTOINON TNG OLASLXACLOG TNG AVTLOTPOPYG KVPLWS OO0V APOPA GTNY
TEWOTN xatnyopia, Omwg eivow to Global CMT (http://www.globalemt.org/),
x00wg xow Ao, Qotdoo, Goov  opopd oTY] OeVTEPM XaTnyopld, Ol
mpoomdfeleg efvor opxeTd MYOTEQES XUl OTOYEVUEVEG OTO EXACTOTE JIXTLO,
XWPEIG OLOLUOTIXY SLYATOTNTA VO EQPOEUOCTOVY Yevxd. QoT600, TEOoQATH
InuLovpYNinxe évar AoyLoutxd mov vToAoyilel awtéuata Tov TavvoTy -pe ™
ovopooio. amt- (Triantafyllis et al., 2013), ovvdéovtog SLépopa epyoheio
AoYLOpLXOU PETaED Toug Omwg To ISOLA mouv pmopel vo vmoAloyloel Tov
Toavuoti, xabwg xor 1o nmxptool pe to omolo Topéxetol 1 dLVATOTNTO
emxotvwviog pe toug NAQ servers -cuoTHUOTO TTOL oTTOONXEVOLY GELOWULXYY
TANpo@opia-. Avtn M oEYLx” LAOTTOLNOY AVOLEE TO JPOUO YLOL ULOL QLTOUATY

dtadxaotior voroyltopold Tov TEP 71 omola v eivor otevd ouvdedepévn pe
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VoL EVPEWG  YVWOTO  AOYLOMXO OLTOUATYG eTeEgpyaoiog  OELOULXW®Y
dedopévmy, to SeisComP3.
2TOXOL TNG UETATTUYLOXNS OLTAOUATIXAS EQYOGLOS
H dimAwpoatixn avt) epyoacio €xel wg oTtdY0 v dINULOVEYNOEL VOl AOYLOWLXO
(Scisola), To omoto Bo TtopéyeL T axbdAOLOEC AsLToLEYIEC:
1. avtopoatomoinoy tov vmoAoyiopold tov Tavvotn Xeiouxvg Pomng pe
OLLoVVYIEDY, OTO EVPEWG YVWOTO AoYLopLxd, SeisComP3
2. amobnxevor TwY aToTEAECUATWY ot Bdom dedoUEVwY
3. SLYUTOTNTO. TOPAUETPOTIOLNONS TOL AOYLOULXOD OTO TO YENOTY UE
YoM YoopLxol mepLBdiiovtog (configuration)
4. SuVOTOTNTO. TPEOPBOAG TWV ATOTEASOUATWY WUE  YENOM  YEOELXOD
neptBéArovtog (overview)
5. duVaTOHTNTO TPOTOTOINONG TWY ATOTEASOUATWY [3dom £TLAOYNG TOL

YOROTN LE XENOM YEoPLxoL TepLfdArovtog (revision)

Eoyoicio cvetiuotog
H vAomoinon tov SCISOLA mepthapBaver ouyypopn xwdwxoa os Python podl
pe xenon Biprodnxddy avorytod xwhdixa émwg Tig ObsPy, matplotlib, PyQt,
MySQLdDb, psycopg2 x.é., AR koL SLapopwy GAAWY €QYOASIWY.
Yvuyxexpluéva tar Paotxd gpyoieion xon PLBAtobvixeg mouv yonotpomondnxay
elvot tar oaxdAovboc:
e SeisComP3
e [SOLA
e MySQL
¢ Python programming language
* Python packages:
© ObsPy
© Matplotlib
°© Numpy

o Subprocess
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©  Multiprocessing

o PyQt4

o MySQLdb

o psycopg2
X1 ovvéyeltor  oxoAoLOEL  pLor  CLVOTITIXY]  TEQPLYQOPY] TWY  TTORATTAVE
epyoheiwy xat BLBAtodnxody.
To SeisComP3 eivar éva Aoyioutxd mov avamtoylnxe mave oto AsttoLEYLXO
obotquoe  Linux ta teAevtalor  Séxar  mepimov  ypéviw xol  TO  OToto
XONOLULOTIOLELTOL HOTA XOPOY OTTO TOL CGELOUOAOYLYA EQYAOTNOLO TTOYXOOULWG.
Amotedel o OAOXAMPWWEYY ocoviTa  oTmO  ETMLUEPOVLS  EQYAAELX YL
omobnxevon xou emeEepyaoion OELOULXWY YEYOVOTWY. AvLyveDEL aLTOUOTO
ocloPoUg Xl LTOAOYLILEL TLG CLVTETOYUEVES TNG €0Tiog ot To UEYebdg toug
oc mpoypotixd xpdévo. Me tn yphon yeopwxobd mepifdArovtog (GUI), ot
dVYATOTNTEG TOL AWENDHAY, HAVOYTOG TTLO EOXOAYN TNV OTTTLXOTTONON XAl TTLO
YONY0PN TNV OvaoXOTINON TwV GELOUWY X0 xow Tov EAEYY0 TOLOTNTAS TWY
omoteAsoudTwY. QoTdo0 TN TN OTLYW] TO Aoytopuxd Ot dtabétel xdmoro
gpyaielo ov vo btoAoYilel Tov TZP yio Totixd N TTEPLPEPELaxd dixTLOL.
To ISOLA omoteAel éva Aoyiopixd, ypopuévo xvplwg oe Fortran xow
MATLAB mouv vmoAoyiler tov TXP, pe xobodnynon omd to ypnotn. O
vmoAoytopog tov TEP Boaoiletor otor oelopoOAOYLXA GESOUEVO/ UV UATOLOPYES
xobg xor Tl ovvoaptnoelg Green, TG omoleg To (OL0 TO TEOYOOWUO
vToAoYilel Pdaoet ovyxexplpévwy Pebddwy. Q¢ TPog Tov vLTOAOYLOUO TOL
TZP, n edpeon tng Béong ot TOL YPGVOL TTOL TEAYULATOTTOLNONXE TO OELOWULXO
YeYovds vToAoyiletar péoo omd Pl ovalnTNom O TAEYUO EVEW O
vToAoYLopOg Tov TEP mpoxVTttel amd Stadixacio avTLoTEPOPNS ULE TN Ebodo
TV EAAYLOTWY TETPOYWOYWY. QoTdo0o, 0 vToAOYLoK6g Tov TEP amoteAel pLo
emtimovn xow ypovofopo drodxaoior YLt TO YENOTY, ELOLXA OE TEQLOYES UE
VPNAN oELOUXOTNTAL OTTOL O OYXOG TWY TPOG OVAALCY Oedouévwy elvorl
WLEYBAAOG.
‘Ooov agopd otic Paoxég PBLBAtobixec g Python mov ypnotpomoumbnxay

omé 1o scisola, n BLBAtobxn ObsPy, mapéyel cpyoieion amoxAeloTind yLow Tny
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enckepyooio oelopuxwy dedopévwy. [lapéyetl emtiong ™ duvatdtntor avdAvorg
(parsing) opyeiwy YvwoTtod ToToL, TEGOBOoT O CELGONOYLXA XEVTOO ®aBLg
X0l EOULTIVEG ETEEEPYNOLOG ONUATWY YL TO YELPLOUO TWY OELORLXWY
dedopévwv/ypovooetpwy. H PipAobrnxn matplotlib mapéyxst ™ dvvatdtnra
ONULOLEYIOG OTTAWY OAAL %Ol TLO TTOAOTIAOXWY YEOPLXWY TOHQXCTACEWY,
OTTWG OVATIOPAOTOOY] Y POVOOELPWY, LOTOYQOUUATO, QOAOUOTO LOYDOG XTA. OF
ouapopeg  uoppés. Emiong oe ovvdvaoud pe ™ Numpy pmopel vo
yonorpomownbel yioo pabnuoatinodg vmoroytopovs. H PyQt, yio to oyedioopd
TOL YPOUPLXOD TEPLPAANOVTOS, %AVEL YPNoN Tov cpyaieiov Qt TOo omolo
XONOLUOTIOLELTOL EVPEWS GTNY AVATTTUEY AOYLOULXWDY UE YOOPLXO TEQLBAANOY.
H BiBAtobnxyn subprocess yia voo pmopéoel vor mporypotorotniel n Stoaodvdeon
pue T Otdpopa.  epyaAsior  oto  emimedo g python  yAwooog
npoypappotiopnod. H o BipAobnxn, multiprocessing, ydon otnv omoio o
VTIOAOYLOUOS TwWV OLVOPTNOEWY Tou (Green, OAAG Xol 7 AVTLOTPOMY
Tpoypotomoteitor  TopdAAAc. Kot téhog, ot BiBAtobrixec MySQLdb xow
psycopg2 Tov ToPEYOLY POULTIVES Yiow TR Otoobvdeon tng Python xow tng

MySQL 7 tng PostgreSQL avtiotoryo.

ITeotypopn Tov Aoytoutxod
To scisola ypnotporotel ™ Béon dedopévwy (MySQL) yro vor:
e amobnxedoel Tic TANPOPOPieg TwY oTabuwy Tig omoleg AapBdvel amd
70 SeisComP3, divovtog TopdAAnAc T SLYXTOTTH GTO XPENOTN VO TLG
TPOTTOTTOLN|OEL
e oamobfnxedoel Tor amoteAéopato oo TG AoeLg Ty TEP

e oamobfrnxedoet Tig exteveig TapapeTpomoLoeLs/pvbutiosig Tou scisola

O xddxog tov scisola ywpiletor oe dvo emineda. XT0 20 eminedo, LTTAEYOLY
T toxéto lib xaw gui mov elvar vredHvva Yo TNV LAOTOINON NG «AOYLXNG»
ToL scisola, dTwe Tovg SLdpopovg ahyoplbuovg Tov ypnotpoTotel xabwg o

™) OMuLovpYior TOL YPOUPLXOV TePLPdAlovTOog avtioTtolya. XTto 1o emimedo Tov
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elval o To o LPNAG, LTAPYEL TO TAXETO scisola TO OTMOLO OLOLUGTIXA
aTOTEAEL TNV EVWON TV GAAWY dV0 Ttaxétwy -lib xou gui-.

H edomoinon vyt 10 vYéveon €vOg Oe€lopol, OL  TANPOPOPIES TwY
ocloporoytxwy  otabudy  xobodg  xar oL avTIOTOLXEG — XVLUOTOLOPYEG
AapPévovtor amd 1o SeisComP3 péow dLapopwy €pYoAelwy %o LTTNEESLWY
0Twg To slinktool xow seedlink server. O TXP vmoAoyiletor YENOLLOTOLHOVTAG
70 Aoytopixd ISOLA xow ouyxexpluéva, 0 DTTOAOYLOKOG TWY CLUVOPTNOEWY TOV
Green oAA& %ol M OVTLOTEOPY] TEAYUOXTOTOLE(TOL TOPEAANACL UESW TNG
BLBALoOMxng multiprocessing g python €tol wote va emitdyel mo ypeNyopo
amoteAéopata. Ot Adoelg amd Tov vmoroyLopd tov TEP, amobyxedovtor ot
Bdomn dedouévwy Tou scisola Yyl xOAVTEEPN OLOYELPLOT TWY OATTOTEAECUATWVY.
EmimAéoy, To scisola emiTpémel TNy XTEVY] TOEOUETOPOTTOINON TOL UE Bdomn TLg
ovayxeg touv xd&be ypNotn, pEow Ypopixod TeptBaiiovtoc. [lépa amd v
oTOROTY, Aettovpylo, TO scisola, umopel va exteEAéoEl TNV QLTOUATY
dwadixacio pe yerpoxivnto Ttpdémo péow python scripts, mpoxeipevov o
XONoTNG vo  doxipéoel  dlapopo oeT  ostopwy  xol  pubuloetg.  Télog
vmootEllel Yoopxd TePLBAAAOY, ULE TO OTOLO O YEPNOTNG WTOPEL va
TOOYLOTOTIOLOEL  AVOLOXOTINDY] TWY OTOTEASOUATWY OAAL OXOUOL XOAL VO

TPOTOTIOLYOEL TLG AVOELG UEPLXWG, LETW JLAPOP®Y pLOUICEWY.

AvdAvey Twv adyopluwmy
H ovtépoaty dtadixacio tov vmoloyiopod tov TEP pymopel va meptypoapet
ot Toe axdhovbo oxTed Bripoto:

1. TTvpoddtnom Tov yeyovdTog

2. Emdoyn oesoporoyixwdyy otabpwy pe Baon v amdéotoon omd To
eTIXEVTPO
DOLATtpapLopa TPOPBANUOTIXWDY CELOULKKY JEOUEVLY
[Tpo-emeEepyaoio TwY oeLopLnwY dESOUEVW®Y

Emihoy otabpwy pe Baon v altpovbioxn xdAvdn amd to emineytpo

e oo W

YTOAOYLOROG TWY cLYOPTNoEWY ToL Green

7. AvtioTtpoen tov TEP
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8. Anutovpyio SLOYPOUUETWY UE TO ATTOTEAETUOTO
H mvupoddton tov vyeyovdétog pmopel vo mpoypotomownbel eite e
ToPoxoAoVONoY o TEOYROTIXO YEPOVO Tov cvoTHuatog SeisComP3, eite pe
YELpoxivnTOo TPOTO Yéow python scripts.
H emAoyn twyv otabudy Bdon g amdotoong TEoYUKTOTOLELTAL UE YEN0N
xovovwy ToL 0pLlelr o YpPNotng oTig pvbpiosig Tov scisola. XvyxexpLpéva,
UTToPEl Vo eTLAEEEL oTaOUOOG pe Baomn TNV ETULUEVTOLXY] TOUS ATTOGTOOY XOL TO
nwéyebog tov oeLtopod.
Yt Owodwxaoion  TOL  ELATPOPIOPOTOS  opotpovvTal  oTtabuol  amd T
Jodxaoior  TOL  LTOAOYLOUOU, TWY OTOLWY Ol  XVUNTOROPQYES  Elvarl
PoAidiopéveg N TepLExovy xeva xabwg xor otabpol mov Tor dedopévar Toug
dev eivor Stabéotpd amd to Seedlink server.
AxoloVbBwg, mpaypatomoteital N Stodxocion NG TEO-ETMEEEQYOOLOG TWY
octopxdy  dedopévwy:  apoaipeon Trg emidpaong Twv  opydvwy  (de-
convolution), oméoTOON CAUKTOC GUYXEXQLUEVTS YEOVLXNAC OLBOXELOG KoL
enavadetypotorndio (resampling).
YT OLVEYEL, TPOYUOTOTOLE(TOL 1 €TAOYN Twy otabuwy Pdon g
oltpovbioxng xadAvdng oc oyéon UE TO EMIXEVTPO. ALTO ETULTUYYAVETOL
xwpellovtog €var vontd xO%AO PE XEVTPO TO ETIXEVTPO, o 8 Touelc KLe xabe
Tunuoe voo gfvor 45° 0 xponotng emAéyel méool otabuol Bo emtAsyody amd
xabe Topéa.
O Ymoloyltopdg Twv ovvoptioewy Tov Green TEOYUOTOTOLEITOHL OO TO
Aoytoutxd ISOLA.
Ev ovvexela, oxolovbel o vTOAOYLONOS TN OVTLOTEOPNG, O OToLog
TEOYRLOTOTIOLELTOL 08 TIAéYpa TOo0 0T0 YPOvo 660 xon oTto YWeo (Bdbog)
mpoxelpevov vo. PBpebel n BéAtiotn Oom xor o YPOVOC TOL AEVTPOELSOVG
(centroid). H 0éom xow 7 ypovixy] oTtyyh ) KE TNV %GAOTEETM OLOYETLOY
emAéyetor avtopota amd To ISOLA wg teAuxn Ador.
Téhog, mpoypotomoleitar 7 ONULOLEYIL OLAYQOUUATWY WKE TO TEALXA
OTTOTEAECUOTOL.  XTOL  OLOLYQAUUOTO.  TEQLAOUPAvETOL €vag XAETNG KE TO

pumovtop6 yéveorng (TZP) xat toug otabpodc Tov cLVERaAay oty emiALoY,
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xobwg emiong xow éva diaypoppa pe Touvg BEATLoTOLg Ot xAbe ypovLXT
oYU ovollnTnomg Unyovtopods Yéveorns yio xabe PBaboc tov mAEypoTOG,
OANGL Ol EVOL GUVOALXO SLAYPOUUO. LE OAOVLG TOLG UNYOWLOWOVG YEVEDTG YLO
xabe Babog xow vy xdbe ypovixny otiyp Tov TAEYpotos. EmimAdov
TEQLAOUPAVETOL SLEAYQOUUO UE T TTEOYUOTIXA xoL T ouvbetixd dedopéva
Ty otabuwy mov cuvEBaAay xobwg xot SLeypPoUUa UE TLS TTOOYUOTLIXEG
XUUOTOULOPPES TOLG, OTWG EeTlomng %ot €var  oPYELO  XELUEVOL UE Ta

OTTOTEAEGUALTOL.

Kotd 1 dwadixaocio tpomomoinong/oavabedpnong Twyv amoTeAoUdTwyY, O
XONOTNG SVVOTOL VO OANGEEL TLS OUYVOTNTES TNG OVTILOTOOPTG OAAA XOL VO
opotpéoet otabuodg mouv emeAéynoay amd TNV owTOUOTY Stodtxooio €Tol

wote vo btoAoyioet pLa avabewpEnuévn éxdoon tov TEP.

O watcher amoteAel pla BiBAtobnxn tov scisola v omola eivar vredHuvy oto
vo «oxoVeL» to SeisComP3 yio OmopEn véov ostopod. O watcher, opytxd
eréyyxet oav To SeisComP3 xatéypoe éva véo osiopd xal axolovbwg
Aauféver Tig TTANPOPOPIES YLl aLTO TO OELOWUO, OIS TO YEWYQEOPLXO UNXOG
xor TAATog x0fg xar dAAeg. Ev  ovveyela, eAéyyer av  eival  evtdg
OUYXEXQLUEVWY 0pLWY YEWYPOPLXNG TTEPLOYNG Xl LEYEDOLG oeLopol xal TEAOG
exxvel ™y auTOpoTn Stodxocior LTOAOYLOROD Tov TXEP, eved ToPdAANAx

TIEPLILEVEL YLOL EVOL VEO EVOEYOUEVO TELOULKO YEYOVOG.

Hopddstypo epopproyns

[Mpoxetpévov va aEtohoynbody ot Adoelg tov TEP mouv mopdyovtor omd To
scisola, peAetninxe éva ot amd 46 osiopovg ol omolol cLVEPRNoaY amd Tig 1
defpovapiov 2014 €wg tig 25 Tovviov 2014 oty EANGSa. H aELtohdynon €xel
mpoypatoroinel ouyxpivovtog Tig Aboelg Touv awtépatov TEP Tou scisola pe
TG avtiotolyeg Aboelg tov TEP 6mwe vToAoyloTnxoY UE YELPOXIYNTO TPOTTO
ond 1o 'ewdvvound Ivotitodto touv EbBvixod Acotepooxomeiov Abnvoy -Gl

NOA-). Twx 10 obyxplon ypnorpomouidnxe 7n petowx?r, Kagan v omoio
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TP00dLopLlel xotd mOoo drapépovy Vo TEP. Ta amoteAéopoato elyoy G
egng:

e 34 otig 46 Ndoelg Tov TEP elyoy mopdpoLa amoteAéopoto LETOED TNG
oVTOUOTNG oL TG YXEtpoxivnTng AVOMG, %ol ETOUEVWS TTOCOCTO
emtuylog: 74%

e 39 otg 46 Adoeig tov TZP eiyay mopdpolo amoteAéopoto GGOV
apopd. to péyebog tou oetopob (Moment magnitude -Mw-) petaEd g
OVTOUOTNG XOL TNG XELPOXIYNTNG ADOYG, XOL ETOUEVWS TOC00TOH
emituylog: 85%. EmimAéov o xapla mepimtwor dev vTMNEEE dLopopd
movew oand 0.3 povadeg tov Mw peto€d g awTOUOTNG XKoL TG
xerpoxivntng Adorg.

e 35 otig 46 Adoeig tov TZP eiyay mopdpola amoteAéopato. 6oV
opopd to Bébog tov oetopod (seismic source) LETAED TNG QVTOLOTNC
XOL TNG XELPOXIVNTNG AVOTG, YOl ETOUEVWG TTOCOOTO eTLTLYLG: 76%.

‘Evae TOAD  onpovitixd omoTtéAeopa, OoTOTEAEL TO YEYOVOS Twg TO scisola
umopel vou ovayvwploel to péyebog xar to Babog tng ostoulxng TNYNG UE
emopx] oxpifetor Alyor Aemttéd petd to ovpPay, Sedopévov OTL N ALTOUATY
Jtodxaotor Stopxel oLVOALXE, TepiTtov 5 Asmttd. AuTd elval TOAD oNuOVTIXO
YLt TV YENYOQN EXTIUNOYN TWY ESOPLXWDY XLVNOEWY 1 OVOPOPLXA UE TOV
%x{YOLYO OTtd TGOLVAUL.

Emione, vo onuewwbel 6t 0 ypnotng SVvatal va Tpomomolnost T AVon
HEQPLXWG, Uéoo oc Alya Aemtd, xot €tol UE TO scisola vo vmoAoyioet

ekorpetixd axpLPeic AoeLc.

Jourepdouato

O Tavvotég Zetouxng Pomvg, émwe mpoavagpépbnxe, yonotpomolovvtal oc
gvar eVPV PACUO OELOUOAOYLXWY EQELVYTLXWY TOUEWY, OTIWG 1 TOEXYWYMN
YOOTWY  edopixyy xwhoewy (shakemap), mTEOeLS0TOLMOELS Ylat TOOLVAUL,
oELoAbdynon g edopixng  xivnomng x.a. Méyxpt Twpoa, 1N Stadxooio
vmoAoytopod touv  TXEP, xabdg xot 7 SAd0om TWY  ATOTEAECUATWY,

amoteAOVoaY ULot XPOVOBOpOL o ETITOVY] €QYOOLO YLOL T TEQLOGOTEQX
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TEpLPEPELOXA 1)  Tomxa  Oixtua. ‘Etol, o oxomdég g mopoboog
UETOTTTUYLAXNG EQYOOLAG NTAY YO DAOTTOLNOEL VOl AOYLOULXO TTOL VO LTTOQEL
o TaEEYEL avTopato Adoelg tov TEP oglopwy TOL XaTaYPAPOVTOL OGTO
Aoytoutxd  SeisComP3 oe mpoypotind yxpdévo. H dnuovpyio avtod Tov
AOYLOULXOU -UE TYY ovopooio scisola- amoteAel Ty oy YLoe TNV AUEOM
EQOPLOYY OVTOUATOTIOLNUEVYS Stadixaciag vToAoytopod tov TEP. Emiong,
TIOOVOLALEL EPELYNTLXO EVOLOPEPOY TOCO OTYY ETULOTNUY TNG OELOUOAOYLOG,
000 %0l 0TOY XAASO0 TNG ETLOTNUNG TWY VTTOAOYLOTWY.

To Aoytopuxé  (scisola) mouv vAomowifnxe oto0 TAaioo oLTAC  TNC
UETOTTUONLOXNG — OLTAWUOTIXYG — €pyooiog  Topéxel T  SuvoTOTNTA
OVTOUOTOTTOMOYG TOL LTOAOYLoUOL Tov Tavvoty Xetoutxvg Pomvg pe
OLoobYOEDY, 0T0 EVPEWS YYWOTO Aoylowuixd, SeisComP3 xafwe emiong xow v
omobnxevon Twy amoteAsoudTwy oc Baon dedopévwy. EmimAéoy mopéyel ™
SVYVATOTNTO. TOPAUETPOTIOLNONG TOL AOYLOULXOD OTd TO YPNOTN UE YENOM
Yoapwxol TepLBéArovtog (configuration). Téhog, mopéyert ™ SuvvartdTnTo
TPoBoM g Twy  amoteheopdtwy  (overview) xafddg emiong  xar TG
TPOTOTIOLNONG TWY OTOTEASOUATWY BAoY €TMLAOYYNG TOL YOENOTN UE YENOM

YooupLxob TePLféArovTog (revision).
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1 Introduction

1.1 Moment Tensor

The seismic Moment Tensor (MT) is a mathematical representation of the
movement on a fault during an earthquake, comprising nine generalized
couples, or nine sets of two vectors. The tensor depends on the source

strength and fault orientation.[1]
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Figure 1. The nine generalized couples of the seismic moment tensor.

Modified after Aki and Richards (1980).[2]

The focal mechanism of an earthquake describes the inelastic deformation in
the source region that generates the seismic waves. In the case of a fault-
related event it refers to the orientation of the fault plane that slipped and the
slip vector and it is also known as a fault-plane solution. Focal mechanisms
are derived from a solution of the moment tensor for the earthquake, which

itself is estimated by an analysis of observed seismic waveforms. The moment
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tensor solution is typically displayed graphically using a so-called beachball

diagram.[3]

Strike-slip Thrust Normal

=

Types of plot’ with di fault end.
(nodal plane in red parallel to fault)

Figure 2. Types of beachball plot associated with different fault.[4]

1.2 Importance of Moment Tensor calculation

The MT is one of the fundamental parameters of earthquakes that can be
determined from seismic observations. It is directly related to earthquake fault
orientation and rupture direction. The moment magnitude, Mw derived from
the moment tensor magnitude, is the most reliable quantity for comparing
and measuring the size of an earthquake with other earthquake magnitudes.
Moment tensors are used in a wide range of seismological research fields,
such as earthquake statistics, earthquake scaling relationships, stress inversion,
shakemap generation, tsunami warnings, ground motion evaluation and
more.[5]

Fault plane solutions are useful for defining the style of faulting in
seismogenic volumes of depth for which no surface expression of the fault
plane exists, or where the fault trace is covered by an ocean. Fault plane
solutions played the key role in the discovery that the deep earthquake zones
in some subducting slabs are under compression and others are under

tension.[3]
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The procedure of MT calculation as well as the representation and the
distribution of its results constitute a manual and a time consuming operation
for most local or regional networks. Since MT inversion procedures can
provide important real time information for shakemap generation, tsunami
warnings, ground motion evaluation and many other studies, their reliable
and rapid automation is imperative. Modern seismic networks with
broadband sensors and real time digital telemetry provide the necessary
information for these types of calculations. Automatic MT’s are now provided
by global networks and a few very dense regional networks, within minutes
after a significant event. [6][7][8]

However, the wide distribution of SeisComP3 (http://www.seiscomp3.org/) -a
famous software package for seismological purposes- and the effectiveness of
ISOLA  (http://seismo.geology.upatras.gr/isola/) -a moment tensor retrieval
software package for manual calculations- made the automation of the MT
calculation for SeisComP3, possible. This master thesis presents the scisola; an
open-source python based software for automatic MT calculation of seismic

events provided by SeisComP3 in real-time.

1.3 International Approach

The calculation of MT procedure can be applied in two network categories:

1. global networks

2. regional or local networks
As regards the first network category, Global CMT (http://www.globalcmt.org)
(Ekstrém et al., 2012) already supports a global AMT procedure for strong
earthquakes for a few decades. Automatic solutions for global networks are
provided by GFZ German Research Centre for Geosciences (http://www.gfz-
potsdam.de/en/home/) (Saul et al., 2011) as well.
As regards the second network category, Berkeley Seismological Laboratory of
University of California (http://seismo.berkeley.edu/), since 1993 developed a

software (Dreger, 2002) that calculates AMT for regional networks and
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earthquakes larger than 3.5 Mw. It has also been used at the Japan National
Research  Institute for Earth Science and Disaster Prevention
(http://www.bosai.go.jp/e) and by independent researchers along USA, Europe
and Asia. This distribution with different variations has been used by the
Mediterranean Network (MedNet) of Italy (http://mednet.rm.ingv.it). Services
that have performed respective efforts are the Swiss Seismological Service
(SED)  (http://www.seismo.ethz.ch) and the Earthquake and Volcano
Information Center of Japan (http://wwuweic.eri.u-tokyo.ac.jp/index-e.html); the
last one applies a different approach. The creation of the Hellenic Unified
Seismic Network (HUSN) provided the opportunity to apply an automated
MT procedure using the available broad band data from almost one hundred
stations. Thus the ISOLA code (Sokos and Zahradnik, 2008) was extended
towards automatic operation. [6] Specifically, the ISOLA software was
converted for automatic use under name amt (Triantafyllis et al., 2013) with
the use of Linux OS bash code and other useful tools like nmxptool
(Quintiliani, 2007). This initial implementation paved the way for an
automatic moment tensor calculation procedure tightly connected with a

widely distributed automatic processing software, SeisComP3.[8]

1.4 Aims of the master thesis

The goal of this master thesis is to implement a software that can
automatically provide the MT solution of earthquakes that are processed by
SeisComP3 in real-time. The creation of this software -so-named scisola-
paves the way for immediate implementation in the field of seismology while
presenting a research interest in the field of computer science and computer
engineering too.
In the context of this master thesis the following will be examined:

e study of various software tools and packages for acquisition and

processing of seismic data,
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design and implementation of an automated system for quick
calculation of seismic MTs for SeisComP3 software, based on existing
international approach; the tools mentioned above will be presented
and used in the implementation,

provision of reliable MT solutions and storing them in a database,
granting of extensive configuration

provision of a Graphical User Interface (GUI) for overview and revision
of solutions including a simple and easy way of configuration

according to user’s needs

1.5 Contribution of the master thesis

This master thesis contributes by providing a software tool -scisola- which is

an open-source python based application.

It supports:

automatic calculation of moment tensors; the seismic event notification,
station information and the corresponding waveforms are provided by
the SeisComP3 system through different utilities and services like
slinktool and seedlink server respectively. The moment tensor is
calculated through the ISOLA software in parallel mode using multiple
threads through multiprocessing python libraries for much faster
calculations,

result storing in database for better data management,

extensive configuration changes based on the needs of each researcher,
through a user friendly graphical interface,

a graphical overview of the moment tensor calculation and the
corresponding data fit

moment tensor revision in case the user wishes to alter the

automatically suggested result.
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Scisola uses many open-source python libraries like ObsPy Beyreuther et al.
(2010), matplotlib Hunter (2007), PyQt, MySQLdb and psycopg2 and is

available to the scientific community for free. [8]

1.6 Methodology of the master thesis

The research, the design and the development of the scisola software which
was implemented under the context of this master thesis, was based on six
steps:

1. study of the problem to identify and understand the size of the tasks
that need to be processed in order to create a reliable information
system,

2. investigation of the existing software tools that can be used, in order to
discover the range of their potential, identify their functionality, locate
the data that they can handle, find the requirements for customization
that may arise, etc,

3. design of the software architecture, based on existing international
approach,

4. partial implementation of the system in subsystems,

5. identification of future extensions so that this software can be adopted
by the seismological and computer engineering community, in order to
be a complete and reliable tool for a quick automated process of MT
calculation of earthquakes, easy overview of the solution, revision of
the solution and extensive configuration in order to satisfy, as much as
possible, the user needs,

6. release of the software source code in order to be used and be modified
by users and also a resource for the seismological and computer

engineering community to make a further step.
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1.7 Structure of the master thesis

Initially, the second chapter presents the various software tools and packages,
necessary for scisola to function. Specifically, the potentials of these tools are
presented here as well as, the functionality that they fulfill and the data they
can handle and more.

The third chapter deals with the general structure of the architecture of the
scisola software; its functionality, the database support, the structure of the
source code and the interconnection with SeisComp3. It also analyzes the
algorithms used in order to automate the MT calculation process, to revise a
MT solution and to watch SeisComp3 for new incoming events in real-time.
The forth chapter presents a case study of 46 events for which the Automatic
MT solutions were calculated and compared to the manual ones.

The fifth chapter presents the user guide in order to provide an easy way to
install, execute and browse the functionality of scisola, while configuring
scisola’s settings at the same time.

In the final chapter there is a summary of the master thesis, the conclusion of
the results and future improvements that can be implemented to the scisola

software.
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2 System tools

2.1 Main software tools and packages

In the context of this master thesis, the implementation of scisola needed
various software tools and packages. The main software tools and packages as
well as the programming language that was used in order to create scisola,

are the following;:
¢ SeisComP3
e ISOLA
e MySQL
¢ Python programming language
e Python packages:
© ObsPy
o Matplotlib
°© Numpy
©  Subprocess
©  Multiprocessing
o PyQt4
o MySQLdb
© psycopg2
Subsequently, the above software tools and packages will be presented in a

more extensive way.

2.2 SeisComP3

The seismological software SeisComP3 (http://www.seiscomp3.org/) (the 3™

version of SeisComP) is possibly the most widely distributed software package
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for seismological purposes, such as pure acquisition or real-time data
exchange over Internet to even a fully featured real-time earthquake

monitoring, and it has evolved within the last 10 years.
SeisComP3 provides the following features:

e data acquisition

e data quality control

* data recording

® real-time data exchange

® network status monitoring

® real-time data processing

® issuing event alerts

¢ waveform archiving

¢ waveform data distribution

® automatic event detection and location

* interactive event detection and location

® event parameter archiving

® easy access to relevant information about stations, waveforms and

recent earthquakes

A SeisComP3 automatic system consists of a set of independent applications
each performing a discrete task. The communication between the applications
is carried out by a TCP/IP based messaging system. This messaging system is
based on the open source toolkit Spread that provides a high performance
messaging service across local and wide area networks. At the top of Spread,
a mediator, scmaster, handles additional requirements of SeisComP3 that are
not natively provided by Spread. The messaging system is used for the
exchange of meta data (e.g. picks) and configurations to some extent.
SeisComP3 adheres to community standards where available, such as

QuakeML, on which the data model of SeisComP3 and the database object
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schema is based, and SEED. The waveform data acquisition is based on the
well established SeedLink data transmission protocol which has been the core
of SeisComP from the very beginning and became a popular world standard;

it was developed at the GFZ Potsdam as the new ArcLink protocol.

SeisComP3 supports MySQL, PostgreSQL and SQLite databases.

The applications in SeisComP3 can be divided into four different groups:

1. data acquisition

2. processing

3. graphical user interfaces (GUIs)

4. utilities

Below is the list of all SeisComP3 modules, the group they belong and a short

description of what they do.

Application Type Description
data
Seedlink providing real-time waveform data
acquisition
data
Arclink providing archive waveform data
acquisition
scmaster processing handling messaging
scqc processing determination of waveform quality parameter
scautopick processing automatic picking
scautoloc processing automatic event detection and localization
scamp processing amplitude calculation
scmag processing magnitude calculation
origin association, best, magnitude selection, best origin
scevent processing
selection
scrttv GUI real-time waveform monitor
scmv GUI map overview showing, actual station status and events
scesv GUI summary view of most important event information
scolv GUI reviewing and revising origins, manual picking tool
scqev GUI showing station quality status
scmm GUI message monitoring
scbulletin utility creating bulletins of events from the database
inserting objects from QuakeML file or messaging into
scdb utility
the database
scevtlog utility logging the event history
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scevtls utility listing events for a given time range
scevtstreams utility listing all waveform streams used for event detection
exchange of meta data objects between SeisComP3
scimex utility
systems with filter functionality
forwarding of meta data objects from one messaging
scimport utility
system to another
scm utility performance monitor similar to UNIX top
scproclat utility logging message history
scvoice utility event alert with optional voice output
scxmldump  utility event dump to QuakeML file from database
sczip utility zip implementation of SeisComP3

Figure 3. SeisComP3’s modules and their description

Below there is also a representation of how a distributed SeisComP3 system
works:

Figure 4. Representation of a distributed SeisComP3 system.[10]

SeisComP3 is a coherent software engineering effort, primarily coded in C++,
with most library functionality accessible from Python scripts through a
wrapper layer and it runs under Linux (all reasonably recent releases of
Ubuntu, SuSE, etc.), Solaris, MacOSX (experimental) while Windows are

currently not supported.[9]
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2.3 ISOLA

ISOLA (http://seismo.geology.upatras.gr/isola/) is a moment tensor retrieval

software. It consists of two software packages; ISOLA and ISOLA-GUI.

It allows an easy application of the iterative deconvolution method of Kikuchi
and Kanamori (1991), for local and regional events, thus the method can be
used for both single and multiple source geometry. Full wavefield is
considered, and Green’s functions are calculated by the discrete wavenumber
method of Bouchon (1981) and Coutant (1989). Moment tensor of subevents
is found by least-square minimization of misfit between observed and
synthetic waveforms, while position and time of subevents is optimized
through grid search. The computational options include inversion to retrieve
the full moment tensor (MT), the deviatoric MT, and pure double-couple MT.
Finite-extent source inversions may also be performed in the case of a large

event.

ISOLA-GUI, is a Graphical User Interface developed in MATLAB with
purpose to combine processing speed of the ISOLA Fortran code and user-
friendly MATLAB environment. The MATLAB-based GUI facilitates easy
data handling, while providing at the same time complete user control during
all the processing steps and easy graphical display of the results, using both
MATLAB and GMT (GMT- Generic Mapping Tools
http://gmt.soest.hawaii.edu/) resources. The waveform inversion is done using
the Fortran ISOLA code, in order to take advantage of language speed, while
user interaction even during the inversion is within the MATLAB
environment. Various tools are available for the user in order to explore the
data quality, adjust the computational parameters, correct the data, and
display inversion results in a publication-ready form. The modular design of
the GUI allows the easy upgrade as well as the inclusion of user-created
additional modules, using elementary skills in the MATLAB programming

language.
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ISOLA efficiently combines the Fortran and MATLAB skills. Fortran for the
power and speed for compute-intensive wave propagation modeling and
source inversion (Green’s functions) and MATLAB for quick and user-
friendly data handling, control of the inversion process and plotting of the
results.

The software was named ISOLA, since the retrieved point-source moment
tensors (called subevents) represent isolated asperities, or slip patches of the
fault.

The Fortran code ISOLA has been developed since 2003 while the entire
source code is documented in a manual, accompanied by a test example and

it is available for free.[11][12]
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Figure 5. Screenshot of the ISOLA-GUI tool for data pre-processing.[12]

2.4 MySQL

MySQL (http://www.mysql.com/) is -as of March 2014- the world’s second

most widely used open-source relational database management system
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(RDBMS). It is a popular database choice for use in web applications, and it
is a central component of the widely used LAMP open source web application
software stack (and other "AMP’ stacks). MySQL works on many system
platforms, including FreeBSD, Linux, OS X, Microsoft Windows, NetBSD,
Novell NetWare, OpenBSD, OpenSolaris, Oracle Solaris, Symbian, SunOS, SCO
OpenServer, SCO UnixWare, and more, while a port of MySQL to OpenVMS
also exists. On most Linux distributions the package management system can
download and install MySQL with minimal effort, however further
configuration is often required to adjust security and optimization settings.
Though MySQL began as a low-end alternative to more powerful proprietary
databases, it has gradually evolved to support higher-scale needs as well. It is
still most commonly used in small to medium scale single-server
deployments, either as a component in a LAMP-based web application or as a
standalone database server. Much of MySQL’s appeal originates in its relative
simplicity and ease of use, which is enabled by open source tools such as
phpMyAdmin. In the medium range, MySQL can be scaled by deploying it
on more powerful hardware, such as a multi-processor server with gigabytes
of memory while it can also be run on cloud computing platforms such as
Amazon EC2. There are however limits to how far performance can scale on.
It supports a free integrated environment developed by MySQL AB -MySQL
Workbench- that enables users to graphically administer MySQL databases
and visually design database structures.

MySQL is written in C and C++ while it has made its source code available
under the terms of the GNU General Public License, as well as under a variety

of proprietary agreements.[13]

2.5 Python

Python (https://www.python.org/) is a widely used general-purpose, high-level
programming language. Its design philosophy emphasizes code readability,

and its syntax allows programmers to express concepts in fewer lines of code
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than would be possible in other languages. The language can be used in both
small and large scale programs. An empirical study found scripting languages
(such as Python) more productive than conventional languages (such as C
and Java) for a programming problem involving string manipulation and
search in a dictionary. Memory consumption was often "better than Java and
not much worse than C or C++". Python supports multiple programming
techniques as object-oriented, procedural styles and more. It features a
dynamic type system and automatic memory management and has a large
and comprehensive standard library. It can also serve for web applications,
e.g., via mod wsgi for the Apache web server. Web application frameworks
like Django, Pylons, Pyramid, TurboGears, web2py, Tornado, Flask and Zope
support developers in the design and maintenance of complex applications.
Python has a large standard library, commonly cited as one of Python’s
greatest strengths, providing tools suited to many tasks. For Internet-facing
applications, a large number of standard formats and protocols (such as
MIME and HTTP) are supported. Modules for creating graphical user
interfaces, connecting to relational databases, pseudorandom number
generators, arithmetic with arbitrary precision decimals, manipulating regular
expressions, and doing unit testing are also included. Libraries like NumPy,
SciPy and Matplotlib allow the effective use of Python in scientific computing,
with specialized libraries such as BioPython and Astropy providing domain-
specific functionality.
As of January 2014, the Python Package Index, the official repository of third-
party software for Python, contains more than 38,000 packages covering a
wide range of functionality, including:

e graphical user interface,

e web framework,

e multimedia,

e databases,

* networking and communications,

e test frameworks,
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e documentation tools,

e system administration,

® scientific computing,

® text processing,

® image processing
Many operating systems include Python as a standard component; the
language ships with most Linux distributions, AmigaOS 4, FreeBSD, NetBSD,
OpenBSD and OS X, and can be used from the terminal. A number of Linux
distributions use installers written in Python: Ubuntu uses the Ubiquity
installer, while Red Hat Linux and Fedora use the Anaconda installer while
there is a large number of organizations that make use of Python including
Google, Yahoo!, CERN, NASA.
The Python Software Foundation License (PSFL) is a BSD-style, permissive
free software license which is compatible with the GNU General Public

License (GPL).[14]

2.6 Python packages

Next, the most important packages that were studied and used by scisola, are
described.

2.6.1 ObsPy

ObsPy (https://github.com/obspy/obspy/wiki) is an open-source project dedicated
to providing a Python framework for processing seismological data and
simplifies the usage of Python programming for seismologists. It provides
parsers for common file formats, clients to access data centers and
seismological signal processing routines which allow the manipulation of
seismological time series.

In ObsPy the following essential seismological processing routines are
implemented and ready to use: reading and writing data SEED/MiniSEED
and Dataless SEED, XML-SEED, GSE2 and SAC, as well as filtering,
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instrument simulation, triggering, and plotting. There is also support to
retrieve data from ArcLink (a distributed data request protocol for accessing
archived waveform data) or a SeisHub database. Just recently, modules were
added to read SEISAN data files and to retrieve data with the IRIS/FISSURES
data handling interface (DHI) protocol. Python gives the user all the features
of a full-fledged programming language including a large collection of
scientific open-source modules. ObsPy extends Python by providing direct
access to the actual time series, allowing the use of powerful numerical array-
programming modules like NumPy or SciPy. Results can be visualized using
modules such as matplotlib or MayaVi (3D). [15]

ObsPy is under the GNU Lesser General Public License.

2.6.2 Matplotlib

Matplotlib (http://matplotlib.org/) is a python 2D plotting library which
produces publication quality figures in a variety of hardcopy formats and
interactive environments across platforms. It can be used in python scripts,
the python and ipython shell (like MATLAB or Mathematica), web
application servers and six graphical user interface toolkits. It can generate
plots, histograms, power spectra, bar charts, errorcharts, scatterplots, etc, with
just a few lines of code. [16]

The matplotlib code is conceptually divided into three parts:

e The pylab interface is the set of functions provided by matplotlib.
Pylab allows the user to create plots with code quite similar to
MATLAB figure generating code.

e The matplotlib frontend or matplotlib API is the set of classes that do
the heavy lifting, creating and managing figures, text, lines, plots and
so on, which is an abstract interface that knows nothing about output.

e The backends are device-dependent drawing devices (renderers) that
transform the frontend representation to hardcopy or a display device.
Example backends: PS creates PostScript hardcopy, SVG creates Scalable
Vector Graphics hardcopy, Agg creates PNG output using the high
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quality Anti-Grain Geometry library that ships with matplotlib, GTK
embeds matplotlib in a Gtk+ application, GTKAgg uses the Anti-Grain
renderer to create a figure and embed it in a Gtk+ application, and so
on for PDF, WxWidgets, Tkinter, etc.

The matplotlib license is based on the Python Software Foundation (PSF)

license. [17]

Figure 6. Plot example of matplotlib python package.[18]

2.6.3 Numpy

NumPy (http://www.numpy.org/) is the fundamental package for scientific
computing with Python. It contains many things such as:

¢ a powerful N-dimensional array object

e sophisticated (broadcasting) functions

e tools for integrating C/C++ and Fortran code

e useful linear algebra, Fourier transform, and random number

capabilities

Besides its scientific uses, NumPy can also be used as an efficient

multidimensional container of generic data. Arbitrary data-types can be
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defined. This allows NumPy to seamlessly and speedily integrate into a wide
variety of databases.
Numpy is licensed under the BSD license, enabling reuse with few

restrictions. [19]

2.6.4 Subprocess

The subprocess (https://docs.python.org/2/library/subprocess.html) module allows
you to spawn new processes, connect to their input/output/error pipes, and
obtain their return codes. [20]

The subprocess module provides a consistent interface to creating and
working with additional processes. It offers a higher-level interface than some
of the other available modules. [21] It can be used in order to execute
external programs and processes. It can be easily adjusted for python
wrapping external programs and processes and use them as python elements.
The subprocess module defines one class, Popen and a few wrapper functions
that use that class. The constructor for Popen takes arguments to set up the
new process so the parent can communicate with it via pipes. [21]

Subprocess is a python’s standard library package and is under the Python

Software Foundation (PSF) license.

2.6.5 Multiprocessing

Multiprocessing  (https://docs.python.org/2/library/multiprocessing.html) is  a
package that supports spawning processes using an API similar to the
threading module. The multiprocessing package offers both local and remote
concurrency, effectively side-stepping the Global Interpreter Lock by using
subprocesses instead of threads. Due to this, the multiprocessing module
allows the programmer to fully leverage multiple processors on a given
machine. It runs on both Unix and Windows. [22] It can be easily used for
parallelizing calculations and processes in order to produce much faster

results.
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Multiprocessing is a python’s standard library package and is under the

Python Software Foundation (PSF) license.

2.6.6 PyQts

PyQt (http://www.riverbankcomputing.co.uk/software/pyqt/intro) is a Python
binding of the cross-platform GUI toolkit Qt. It is one of Python’s options for
GUI programming. PyQt is implemented as a Python plug-in. [23]
PyQt brings together the Qt C++ cross-platform application framework and
the cross-platform interpreted language Python. Qt includes abstractions of
network sockets, threads, Unicode, regular expressions, SQL databases, SVG,
OpenGL, XML, a fully functional web browser, a help system, a multimedia
framework, as well as a rich collection of GUI widgets. Qt classes employ a
signal/slot mechanism for communicating between objects that is type safe but
loosely coupled making it easy to create re-usable software components. Qt
also includes Qt Designer, a graphical user interface designer where Python
code can be generated from it. It is also possible to add new GUI controls
written in Python to Qt Designer. A programmer has all the power of Qt, but
is able to exploit it with the simplicity of Python.[25]
PyQt implements around 440 classes and over 6,000 functions and methods
including;:

® a substantial set of GUI widgets

e classes for accessing SQL databases (ODBC, MySQL, PostgreSQL,

Oracle)

¢ (QScintilla, Scintilla-based rich text editor widget

¢ data aware widgets that are automatically populated from a database

e an XML parser

e SVG support

e classes for embedding ActiveX controls on Windows (only in

commercial version)[23]

Nikolaos Triantafyllis — ID 926 20



Scisola: Automatic Moment Tensor solution for SeisComP3

PyQt, provides an ideal combination for rapidly creating powerful and flexible
GUI applications. PyQt applications can run on any platform that has PyQt,
Python, and the Qt libraries installed, simply by copying the application —
and with no source code changes necessary while it is also possible to create
stand- alone executables. The currently supported platforms include all
versions of Windows from Windows 98 to Vista, and most Unixes including
Mac OS X, Linux, Solaris, and HP-UX.[24]

PyQt is available under similar terms to Qt versions older than 4.5; this
means a variety of licenses including GNU General Public License (GPL) and
commercial license, but not the GNU Lesser General Public License (LGPL).

[23]

i search
' l
From f07/31 20:53:18.113|
To 2014/07/31 20:53:18.113| v
| & search |

Figure 7. Search screen example of PyQt usage on linux Mint OS.

2.6.7 MySQLdb and psycopg2

MySQLdb  (http://mysql-python.sourceforge.net/MySQLdb.html) is a thread-
compatible interface to the popular MySQL database server that provides the
Python database API. MySQLdb is a thin Python wrapper around _mysql
which makes it compatible with the Python DB API interface (version 2).[26]

Psycopg2 (https://pypi.python.org/pypi/psycopg2) is a PostgreSQL database
adapter for the Python programming language. Psycopg2 was written with

the aim of being very small, fast and stable. It is different from the other
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database adapters because it was designed for heavily multi-threaded
applications that create and destroy lots of cursors and make a conspicuous
number of concurrent INSERTs or UPDATEs. Psycopg2 also provides full

asynchronous operations and supports for coroutine libraries. [27]

Both python packages (MySQLdb and Psycopg2) can be used in order to

handle databases, through a nice and easy to use python wrapper.
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3 Description of the software

3.1 Functionality

The scisola software is an open-source python based application.
It supports:

1. Automatic Moment Tensor calculation of events provided by

SeisComP3 in real-time

2. Easy Moment Tensor solution overview

3. Quick Moment Tensor solution revision

4. Extensive configuration
The seismic events notification, station information and the corresponding
waveforms are provided by the SeisComP3 system through different utilities
and services like slinktool and seedlink server respectively. The moment
tensor is calculated through the ISOLA software in parallel mode using
multiple threads through multiprocessing python libraries for much faster
calculations. Furthermore, the results of the calculations are saved in a
database for a better data management. Scisola allows extensive configuration
changes based on the needs of each researcher, through a user friendly
graphical interface. Beside the real-time moment tensor operation, it also
provides an “offline” mode for testing purposes or calculations. Finally, it
supports a graphical review of the moment tensor calculation and the
corresponding data fit; as well as the moment tensor revision in case the user

wishes to alter the automatically suggested result.[8]
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3.2 Architecture analysis

3.2.1 Database

The scisola software uses a MySQL database. The usage of a well-known
database (MySQL) supports a better data management. MySQL database can
also be used by external tools through which the user can have a better way
of searching through the results or upload the MT results on a web page or
even send them via e-mail. This can be achieved through many utilities or
programming languages that can connect to MySQL and handle the data, in
order to distribute the MT calculations results through the world or create
useful statistics.
The scisola database is used for:
e saving and editing station and stream information retrieved from the
SeisComP3 software
e saving the earthquake event information and the MT calculation
including the streams contributing to the inversion
e saving the extensive configuration of scisola settings
The database consists of ten tables, which can be classified in three categories:
i. Stations (tables: Station, Stream)
ii. Settings (tables: Settings, Distance_selection, Inversion_time,
Inversion_frequency)
iii. Event (tables: Event, Origin, Moment_Tensor, Stream_Contribution)
In figure 7 all tables of the scisola database are presented including their
description and attributes.
In figure 8 a scisola database schema that has been created according to the
MySQL standards is presented including all the tables, their attributes and

their connections to each other.
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Scisola Database

Table Description Attributes

Station The Station table is used for manipulating the id, code, network, description, latitude,
seismic stations longitude, elevation, priority

Stream The Stream table is used for manipulating the  Station_id (foreign key to Station.id), code,
available streams for each seismic station, such azimuth, dip, gain_sensor, gain_datalogger,
as HHN, HHE, HHZ, etc norm_factor, nzeros, zeros_content, npoles,

poles_content, priority
Settings The Settings table is used for manipulating the timestamp, center_latitude, center_longitude,

scisola configuration

distance_range, magnitude_threshold,
min_sectors, stations_per_sector, sources,
source_step, clipping_threshold, time_grid_start,
time_grid_step, time_grid_end, watch_interval,
process_delay, process_timeout,
crustal_model_path, output_dir, isola_path,
sc3_path, sc3_scevtls, sc3_scxmldump,
seedlink_path, seedlink_host, seedlink_port

Distance_selection

The Distance_selection table is part of the
Settings object and is used for saving the
“selection according to distance” rules

min_magnitude, max_magnitude, min_distance,
max_distance, Settings_id (foreign key to
Settings.id)

Inversion_time

The Inversion_time table is part of the Settings
object and is used for saving the “inversion
time window (tl)” rules

min_magnitude, max_magnitude, tl, Settings_id
(foreign key to Settings.id)

Inversion_frequency

The Inversion_frequency table is part of the
Settings object and is used for saving the
“inversion frequencies” rules

min_magnitude, max_magnitude, frequency_1,
frequency_2, frequency_3, frequency_4,
Settings_id (foreign key to Settings.id)
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Scisola Database

Table Description Attributes

Origin The Origin table is used for manipulating the id, timestamp, description, datetime, magnitude,
incoming origins (earthquakes) latitude, longitude, depth, automatic, results_dir

Event The Event table is used for manipulating the  id, Origin_id (foreign key to Origin.id)

uniqueness of earthquakes. One Event can
contain many Origin objects

Moment_Tensor

The Moment_Tensor table is part of the Origin
object and is used for manipulating the
moment tensor solutions for incoming origins
(earthquakes). One Origin can contain only one
Moment_Tensor object

cent_shift, cent_time, cent_latitude,
cent_longitude, cent_depth, correlation,
var_reduction, mw, mrr, mtt, mpp, mrt, mrp,
mtp, vol, dc, clvd, mo, strike, dip, rake, strike_2,
dip_2, rake_2, p_azm, p_plunge, t_azm,
t_plunge, b_azm, b_plunge, minSV, maxSV, CN,
stVar, fmVar, frequency_1, frequency_2,
frequency_3, frequency_4, Origin_id (foreign
key to Origin.id)

Stream_contribution

The Stream_contribution table is part of the
Origin object and is used for saving the
contributing streams’ information to the
inversion procedure. One Origin can contain
many Stream_contribution objects

streamNetworkCode, streamStationCode,
streamCode, var_reduction, mseed_path,
Origin_id (foreign key to Origin.id)

Figure 8. Scisola’s database tables and attributes.
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I
] Station v

id INTEGER(11)

code CHAR(E)

network GHAR(8)

description VARCHAR(80)

latitude DOUBLE

longitude DOUBLE

elevation DOUBLE

priority INTEGER(11)

> ———1

] Stream v
id INTEGER(11)

& Station_id INTEGER(11)
code CHAR(3)
azimuth DOUBLE
dip DOUBLE
gain_sensor DOUBLE
gain_datalogger DOUBLE
norm_factor DOUBLE
nzeros TINYINT
zeros_content BLOB
npoles TINYINT
poles_content BLOB
priority INTEGER(11)

] Settings
id INT
timestamp TIMESTAMP
center_latitude DOUBLE
center_longitude DOUBLE
distance_range INT
magnitude_threshold DOUBLE
min_sectors INT
stations_per_sector INT
sources INT
source_step INT
clipping_threshold DOUBLE
time_grid_start INT
time_grid_step INT
time_grid_end INT
watch_interval INT
process_delay INT
process_timeout INT
crustal_model_path VARGHAR(255)
output_dir VARCHAR(255)
isola_path VARGHAR(255)
sc3_path VARGHAR{255)
sc3_scevtls VARCHAR(255)
so3_scxmidump VARCHAR(255)
saediink_path VARCHAR(255)
soediink_host VARCHAR(255)

seediink_port INT

v
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I
I
I
I
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I
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»

| Inversion_time
min_magnitude DOUBLE
max_magnitude DOUBLE
1l DOUBLE

& Settings_id INT

] Distance_selection
min_magnitude DOUBLE
mazx_magnitude DOUBLE
min_distance INT
max_distance INT

& Settings_id INT

] Inversion_frequency
min_magnitude DOUBLE
max_magnitude DOUBLE
frequency 1 DOUBLE
frequency 2 DOUBLE
frequency 3 DOUBLE
frequency 4 DOUBLE

& Settings_id INT

] Event
id VARCHAR(255)
@ Origin_id INT

- ——— — ]

] origin
i INT
timestamp VARCHAR(255)
description VARCHAR(255)
datetime VARCHAR(255)
magnitude DOUBLE
latitude DOUBLE
longitude DOUBLE
dapth DOUBLE
automatic BOOL

results_dir VARCHAR(255)

Figure 9 Scisola’s database schema.

| Stream_Contribution v
stream NetworkCode CHAR(E]
stream StationCode CHAR(8)
stream Code CHAR(3)
var_reduction DOUBLE
mseed_path VARCHAR{255)
@ Origin_id INT

] Moment_Tensor
cant_shift INT
cant_time DOUBLE
«cant_latitude DOUBLE
cent_longitude DOUBLE
cent_depth DOUBLE
comelation DOUBLE
wvar_reduction DOUBLE
mw DOUBLE
mrr DOUBLE
mit DOUBLE
mpp DOUBLE
mrt DOUBLE
mrp DOUBLE
mip DOUBLE
wol DOUELE
dc DOUBLE
chvd DOUBLE
mae DOUBLE
strike DOUBLE
dip DOUBLE
rake DOUBLE
strike_2 DOUBLE
dip_2 DOUBLE
rake_2 DOUBLE
p_azm DOUBLE
p_plunge DOUBLE
1_azm DOUBLE
t_plunge DOUBLE
b_azm DOUBLE
b_plunge DOUBLE
minSV DOUBLE
maxSV DOUBLE
‘CN DOUBLE
stVar DOUBLE
fmWar DOUBLE
frequency 1 DOUBLE
frequency 2 DOUBLE
frequency_3 DOUBLE
frequency_4 DOUBLE
Origin_id INT
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3.2.2 Structure

The scisola software is an open-source python based application. It uses
many python packages interconnected in a special way in order to perform all
necessary tasks of scisola. A short description on how scisola uses these main
packages follows:
e ObsPy, for seismological purposes such as signal handling,
instrumental effect removal and more
e matplotlib, for plots and calculations
e NumPy, for calculations
e PyQt4, for constructing the Graphical User Interface (GUID such as the
review screen, the settings screen and more
* subprocess, for creating a python wrapping to the desired ISOLA and
SeisComP3 modules necessary for the scisola software

e multiprocessing, for parallelizing calculations, such as the Green’s

functions calculation and the inversion procedure in order to produce
much faster results
e MySQLdb and psycopg2, which are used for manipulating database
queries, handling stations and streams information, saving results and
more
In figure 10 a schema containing the main python modules as well as the
modules from SeisComp3 and ISOLA that are necessary for scisola in order to

run, is presented.

Nikolaos Triantafyllis — ID 926 28



Scisola: Automatic Moment Tensor solution for SeisComP3
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Figure 10. Scisola’s structure schema.

As it can be seen in figure 11, scisola consists of three packages in two layers:

e scisola (1* layer -red box-)

e lib (2" layer -blue box-)

e gui (2" layer -yellow box-)
The gui package includes all necessary files of the Graphical User Interface
(GUI), while the lib package includes all necessary files to implement the logic
of scisola which includes all necessary functions and algorithms. The scisola
package is the union of the other two packages and it belongs to the 1* layer
because it is an abstract layer that hides the whole implementation of the 2"
layer’s functionality which includes gui and lib packages. The 1* layers consist
of three sub-layers; the lower sub-layer includes all the individual windows
while the middle sub-layer includes the main window and the higher sub-

layer is just a caller of the middle sub-layer.
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Figure 11. Scisola’s structure layering.

In figure 12 all the individual python files of scisola including their

description and the folder they belong to are presented.
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Scisola Structure

Category Folder File Description
- Scisola scisola. This file is a caller of the main executable file of scisola.py. The user needs to
Py Py

run this executable in order to launch scisola

main scisola/src database.py This is the database window with its full functionality

main scisola/src review.py This file executes the overview window of the MT solutions’ results, including
the revision panel for the MT revise procedure and contains its full functionality

main scisola/src settings.py This file executes the settings window including its full functionality where the
user needs to configure scisola settings or edit existing stations and streams

main scisola/src stations.py This file executes the stations window where the user can edit the existing
stations and streams but is being called by the settings.py

main scisola/src search.py This file executes the search windows including its full functionality, where the
user can search for previous events that have been calculated according to a
datetime range

main scisola/src about.py This file executes the about window containing its full functionality, where the
user can read the information of the program such as the version of scisola that
runs

main scisola/src main.py This file executes the main executable file of scisola, including its full
functionality, that is being called by the scisola.py

lib scisola/src/lib database.py This file contains the logic; the algorithms and the functions in order for scisola
to manipulate all the database queries, such as saving MT results or reading
stations and streams from SeisComP3

lib scisola/src/lib seedlink.py This file contains the logic; the algorithms and the functions in order for scisola

to manipulate all the seedlink connections and queries to SeisComP3, such as
retrieving mseed files
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Scisola Structure

Category Folder File Description

lib scisola/src/lib isola.py This file contains the python wrapping in order to run the isola Fortran code
through the python api and also the logic; the algorithms and the functions
necessary for the inversion procedure

lib scisola/src/lib stream.py This file contains the logic; the algorithms and the functions in order for scisola
to manipulate stations/streams and streams data such as data correction by
removing instrumental effect

lib scisola/src/lib origin.py This file contains the logic; the algorithms and the functions in order for scisola
to manipulate the events, the origins and the MT solutions

lib scisola/src/lib plot.py This file contains the logic; the algorithms and the functions in order for scisola
to manipulate the results’ plotting of the MT calculations

lib scisola/src/lib settings.py This file contains the logic; the algorithms and the functions in order for scisola
to manipulate the configuration of its settings, such as setting the distance “rule”
in order scisola to select stations at an incoming event

lib scisola/src/lib logger.py This file contains the logic; the algorithms and the functions in order for scisola
to manipulate logging messages for the main logger and the individual loggers
for each origin

lib scisola/src/lib process.py This file contains the logic; the algorithms and the functions in order for scisola
to run the automatic or revise procedure of the MT calculations of an event

lib scisola/src/lib watcher.py This file contains the logic; the algorithms and the functions in order for scisola
to watch SeisComP3 real-time for new events

gui scisola/src/lib/gui database.py This file contains only the Graphical User Interface (GUI) of the database
window

gui scisola/src/lib/gui review.py This file contains only the Graphical User Interface (GUI) of the review window
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Scisola Structure

Category Folder File Description

gui scisola/src/lib/gui settings.py This file contains only the Graphical User Interface (GUI) of the settings window

gui scisola/src/lib/gui stations.py This file contains only the Graphical User Interface (GUI) of the stations window

gui scisola/src/lib/gui search.py This file contains only the Graphical User Interface (GUI) of the search window

gui scisola/src/lib/gui about.py This file contains only the Graphical User Interface (GUI) of the about window

gui scisola/src/lib/gui icons_rc.py This file contains the icons that are used by the Graphical User Interface (GUI)
of all windows

gui scisola/src/lib/gui main.py This file contains only the Graphical User Interface (GUI) of the main window

Figure 12. Scisola’s python code structure.
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3.2.3 Interconnection with SeisComP3

The interconnection of scisola with the SeisComP3 software is being
implemented by specific python packages. Specifically the scisola packages
are:

e database

e seedlink

e watcher

As shown in figure 12, the interconnection of scisola with SeisComP3 is being
achieved as follows:

» The database manipulation of SeisComP3 in being implemented by the
database package which handles the Stations and Streams information
provided by SeisComP3.

»> The use of slinktool in order to retrieve the corresponding waveforms
is being implemented by the seedlink package.

» The use of scevtls and scxmldump, which are needed in order to watch
SeisComP3 for new earthquake events in real-time and for retrieving
the corresponding event and origin information respectively, is being

implemented by the watcher package.

scisola

N
rd

aseqejep

A 4

scisola
DB

Figure 13. Scisola’s interconnection with SeisComP3.
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3.3 Algorithm analysis

3.3.1 Automatic mode

The automatic procedure for the MT calculation of an earthquake event, as
described in figure 13, can be divided in eight steps:
1. Origin Triggering
Station Selection based on Distance
Bad Station Data Filtering
Station Data Correction
Station Selection based on Azimuth

Green’s Functions Computation

S A o

Inversion Computation
8. Result Plotting

In figure 14, the description of the eight steps mentioned above is given.

. . . . station selection bad station data station data
origin triggerin _—_ . —_— . —_— .
& ggerms based on distance filtering correction
result ¢ inversion ¢ Green’s functions ¢ station selection
plotting computation computation based on azimuth

Figure 14. The 8 steps of the automatic procedure.

1. Origin Triggering

Scisola supports two modes in order to run the automated inversion
procedure:

® automatic mode

* manual mode
At the first mode, scisola is watching SeisComP3 in real-time by using the
watcher python package of scisola.
The watcher is listening to the SeisComP3 software in real-time for new

incoming events. This is done by using the scevtls and sxcemldump modules
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of SeisComP3 through watcher’s python wrapping code. The first module,
scevtls, is needed for watching SeisComP3 for new earthquake events in real-
time while the second module, scxmldump, is needed for retrieving the
corresponding event and origin information in order to trigger the automated
inversion procedure.

At the second mode, the automated inversion procedure can be executed
through python scripting (mostly for testing purposes). This can be achieved
by importing the process package of scisola to the corresponding python
script and running the automated process with the desired input parameters.
The input parameters such as the origin information or the settings for the

inversion can be set by the user.

2. Station Selection based on Distance

After the origin triggering, scisola will retrieve the station and their stream
information from the scisola database. This information has been added in
scisola database by importing it from the SeisComP3 database after the initial
scisola configuration. At the next step, scisola will filter streams by certain
type (e.g. HHN, HNE) that can be used for the inversion procedure. The
accepted types are streams with Band Code: H or B, Instrument Code: H, L
or N and Orientation Code: N, E or Z. Afterwards, scisola will remove
blacklisted Stations/Streams that are defined by the wuser in scisola
configuration. The blacklisted stations or streams are defined by setting the
priority of stations or streams respectively to zero. Thereafter, scisola will
calculate the distance and the azimuth of the stations according to the event’s
epicenter location. Finally, it will choose those stations that are within a
distance range; set according to the "distance rules" that have been defined by
the user at the scisola configuration. For example, this rule (e.g. 3.5 < mw <
4.5 - 20 < distance < 100 km) will choose stations that are within this
distance range while the rule will be triggered only if the event is within this

magnitude range.
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3. Bad Station Data Filtering

After the selection of stations according to the "distance rules", scisola will
filter the unavailable streams according to the information from the seedlink
server of the SeisComP3 software. Then it will retrieve seismic waveforms in
mini-seed format. The date-time range is being set by the date-time of the
origin and according to the "time window length (tl) of inversion rules" that
have been defined by the user at the scisola configuration. At the next step, it
will filter those streams that have gaps or are clipped. The default value of

the clipping threshold can be by-passed by the user.

4. Station Data Correction

At this step, scisola will rotate data automatically where necessary according
to streams’ information on dip and azimuth of the seismometer, as well as the
orientation of the stream. For example, if a stream is a "Z" component and
has a dip value of 90 degrees, it will reverse its seismic data. If any of the
streams contain unacceptable values or combination of values, it will be
removed from the process. Afterwards, scisola will apply corrections to the
seismic waveforms. The correction step, will initially align the data according
to the origin time and cut them to a predefined duration according to the "tl
rule” mentioned above; then it will remove the instrumental effect according
to poles and zeros streams information and finally, it will re-sample the data

according to the "tl rule".

5. Station Selection based on Azimuth

At this step, scisola creates an imaginary circle as in figure 15. This circle is
divided into 8 sectors, each 45 degrees wide and at the center of it, is the
epicenter. Then the available stations will be distributed based on their
azimuth which is calculated according to the epicenter’s location. Thereafter,
scisola will choose the stations according to the maximum number of stations
per sector, which can be defined by the user at the scisola configuration. The

user can also set the minimum number of sectors that must contain at least a
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station in order to begin the MT calculation. If the stations are well
distributed according to the epicenter’s location the chances for a better MT
solution quality are increased. If the number of stations exceed the value of
the maximum number of stations per sector, scisola will choose those stations
that have higher priority and are closer to the epicenter’s location. By default,
the value of stream priority is 7 for high gain seismometers (H), 6 for low

gain seismometers (L) and 5 for any other case (e.g. accelerometers).

0°

270° 90°

180°

Figure 15. Azimuthal distribution.

6. Green’s Functions Computation

After the stations’ selection according to the azimuth, scisola will calculate the
Green’s functions. For the calculation, the code computes the corresponding
Green’s functions, using a 1D crustal model (which is defined by the user at
scisola configuration) and the centroid trial position-station geometry. These
are later convolved with a delta time function and six elementary focal
mechanisms in order to form elementary seismograms that will be used in the

inversion. [6] The centroid horizontal position remains fixed at the epicenter’s
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location but its depth is grid searched. Starting from the automatic depth
estimation, scisola defines a number of trial sources above and below it, where
the number is selected by the user at the scisola configuration. The process
for each depth is computed in parallel by using multiple threads through the

multiprocessing python package, in order to achieve quicker calculations.

For the preparation of the inversion procedure, scisola uses the "time window
length (t]) of inversion rules", that have been mentioned above, in order to
define the time range of inversion. For example, this rule (e.g. 3.5 < mw < 4.5
- tl = 327.68 sec) will compute the MT inversion using a time window
length of 327.68 seconds only if the event takes place within this magnitude
range. Finally, in order to run the inversion procedure, there is a limit of 21

stations that can contribute to it.

7. Inversion Computation

As soon as corrected data and elementary seismograms are available the
inversion procedure starts. Although the ISOLA code offers various options
for source inversion e.g. full moment tensor, deviatoric etc; the deviatoric type
is predefined to scisola since it is adequate for most cases of tectonic
earthquakes. The inversion frequency band is being set according to the
"frequency rules" that have been defined by the user at the scisola
configuration. For example, this rule (e.g. 3.5 < mw < 4.5 — frequencies =
[0.04, 0.05, 0.08, 0.09] Hz) will calculate the inversion procedure by using
these defined frequencies in the inversion while the rule will be triggered only
if the event takes place within this magnitude range. Finally, the centroid time
is grid searched a number of seconds before and after the origin time, which
is also defined by the user. The inversion procedure for each depth is
computed in parallel by using multiple threads through the multiprocessing

python package, in order to achieve quicker calculations.
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8. Result Plotting

After the MT calculation, scisola will generate a text file of the results
including the final focal mechanism, which is suitable for distribution over the
web. It will also generate a map containing the focal mechanism at the

epicenter’s location and the location of stations contributing to the inversion.

41.16°N

40.43°N

39.7°N

2529°E 26.02°E 26.74°E

Figure 16. The generated map containing focal mechanism and stations used.

In addition, it will generate a plot of observed and synthetic waveforms.
Moreover, scisola will create a plot containing the best focal mechanisms for
each depth while it will also create a plot with all the focal mechanisms for

each depth and for each time step search.
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Figure 18. Plot of observed and synthetic waveforms.
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Scisola will also generate a plot with the contributing, to the inversion,
stations. Finally, the user may select whether to save or not the results to the

scisola database.

3.3.2 Revise mode

Scisola supports the possibility of revising the MT solution provided by the
automatic procedure, in case the user wishes to alter the automatically
suggested options (according to selection based on distance, selection based
on azimuth and the various filters). The revise procedure calculations start
from the inversion step and end to the plotting results step. Revising can be
achieved in two ways:
1. manual removal of streams that have been selected by the automatic
procedure, according to user
2. change of the inversion frequencies, according to user. However, the
maximum frequency that can be set is defined by the frequency used in

the Green’s functions computation

3.3.3 Watcher

As shown in figure 19, the watcher package of scisola supports parallel
triggering of new earthquake events. In this way, if an event triggered and
scisola hasn’t finished with its MT calculation, watcher is able to run another
scisola process for a new incoming event, in parallel.

The watcher listens to SeisComP3 for a new event arrival within a time range
that has been set at the configuration of the scisola by the user. The listening
is being implemented by using a python wrapper for the scevtls utility of
SeisComP3. If an event id occurs, scisola checks if it is a unique event for the
scisola database in order to proceed to the next step. If it is unique, the
watcher retrieves the event’s information such as date, time, latitude,
longitude, magnitude and depth. The information retrieval is implemented by
using a python wrapper for the scxmldump utility of SeisComP3. At the next

step, the watcher checks if the event is within the magnitude and location
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threshold that have been set at the configuration of the scisola settings.
Finally, at the last step the watcher triggers the automatic MT calculation
process for the specific event’s parameters and settings in an individual thread
and sleeps for the waiting interval in order to check for a new event again.
The thread that has been triggered to run the calculation process, works in
parallel with the main thread of the watcher. Figure 20, presents a flow chart

of the watcher’s steps.

]

watcher

Figure 19. Watcher’s process triggering in parallel.
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The steps of the watcher’s functionality.
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4 Case Study

4.1 FEovaluation dataset

In order to evaluate the quality of MT solutions produced by scisola, a dataset

of 46 earthquakes occurred from 2014-01-02 to 2014-06-25 in Greece was

used. The evaluation has been done by comparing the solutions provided by

the automatic algorithm of scisola with the respective MT solutions that were

calculated by the GI-NOA (Institute of Geodynamics, National Observatory of

Athens) in a manual way.

+

OB e

21.7°E 235°E

Figure 21. Distribution of evaluation dataset (red dots are epicenters).

25.3°E
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For the comparison the Kagan metric has been used. This angle expresses the
minimum rotation between two double couple focal mechanisms and is used

here as a measure of the L3 1622

automatic  solution  quality.

2.41 16.73

According to Kagan (Kagan, \is o

1991), minimum angle is 0°

434 1949

(same mechanism) and the

4.72 19.87

maximum value is 120°

. . . 22;36
suggesting maximum divergence -
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between two focal mechanisms.

An acceptable agreement is 7-E8 28
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represented by angles of the 27.596
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while a strong variance is given a1 20117

by angles larger than 50°-60°.
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figure 22 the focal mechanisms
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NOA respectively are presented. 14.02
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Kagan value between the red and  Figure 22. Automatic and manual focal
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4.2 Scisola settings for the evaluation

The scisola settings were configured as displayed in figure 23.

Scisola Settings

‘ Variable Description

center longitude 22.0

center latitude 38.0

distance range (km) 1000

min magnitude 3.5

distance selection 3.5 <= magnitude <= 4.0 and 10 <= distance <= 100

4.1 <= magnitude <= 4.5 and 50 <= distance <= 150
4.6 <= magnitude <= 5.0 and 80 <= distance <= 200
5.1 <= magnitude <= 5.5 and 90 <= distance <= 250
5.6 <= magnitude <= 6.0 and 110 <= distance <= 500
6.1 <= magnitude <= 12.0 and 330 <= distance <= 1000

number of sectors 1

stations per sector 3

edit database button -

number of sources 20

step search (km) 2

clipping threshold 0.80

crustal model path (path to the 6™ layer Novotny crustal model)

Start -75

End 75

step search 2

inversion time 3.5 <= magnitude <= 5.5 and tl = 327.68
5.6 <= magnitude <= 12.0 and tl = 409.6

inversion frequency 3.5 <= magnitude <= 4.2 and frequencies = [0.06, 0.07,
0.09, 0.11]
4.3 <= magnitude <= 5.5 and frequencies = [0.04, 0.05,
0.08, 0.091]
5.6 <= magnitude <= 6.0 and frequencies = [0.02, 0.03,
0.06, 0.07]]

6.1 <= magnitude <= 12.0 and frequencies = [0.001,
0.005, 0.01, 0.02]]

check interval (sec) 300
process triggering delay O
(sec)

process timeout (sec) 3600
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Scisola Settings

‘ Variable Description

results folder -

update database button -
— reset button

seisComP3 path -

scevtls path scevtls
scxmldump path Scxmldump
slinktool path Slinktool

slinktool host

slinktool port -

ISOLA path -

Figure 23. Scisola’s settings for the evaluation dataset.

4.3 Results

Figure 24, displays a histogram of the Kagan value distribution.

Kagan Value

between automatic and manual solutions
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Figure 24. Kagan value histogram.

100

According to the Kagan angle histogram, the respective automatic and

manual MT focal mechanisms of 34 out of 46 events are very similar (Kagan

<30). Thus, it produces a success of about 74% on focal mechanism

calculation.
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Mw Difference

between automatic and manual solutions

23

Trequency

Mw difference

Figure 25. Mw difference histogram.

Figure 25, displays a histogram of the Moment magnitude -Mw- (size of the
seismic source) difference between manual and automatic solution. According
to this diagram, the respective automatic and manual MT solutions of 39 out
of 46 events produce almost the same size of the seismic source (Moment
magnitude -Mw-). Thus, it produces a success of about 85% on Mw
calculation. Additionally, the maximum Mw difference for the whole
evaluation dataset was not more than 0.3 units of Mw.

Centroid Depth Difference

between automatic and manual solutions

frequeney

0 1 2 3 4 B 13 15 18 24 25
CD difference (km)

Figure 26. Centroid depth (CD) difference histogram.

The diagram in figure 26, displays a histogram of the Centroid Depth (CD)

difference between manual and automatic solution. According to this diagram,
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the respective automatic and manual MT solutions of 35 out of 46 events
produce almost the same centroid depth of the seismic source. Thus, it

produces a success of about 76% on centroid depth calculation.

4.4 Qutcome

As a very important result, scisola can estimate the size and the depth of the
seismic source with adequate accuracy a few minutes after the event, since the
overall automatic procedure takes about 5 minutes. This is very crucial for
quick estimation of ground motions or tsunami hazard.
It must also be mentioned here that after a quick revision by the user, in just
a few minutes, scisola can provide highly accurate solutions.
In general, the error’s average value is acceptable, however extreme Kagan
values exist and it is important for the automatic procedure evaluation to
understand what is causing them.
These higher values are mainly connected:

1. to the edges of the seismic network. Because the contributing to the

inversion stations are not distributed very well (large azimuthal gap)
2. to the use of different set of seismic data between automatic and

manual

3. to the use of different crustal models between automatic and manual.
So far a single crustal model is used in the automatic procedure, the
one proposed by (Novotny et al., 2001). While the manual MT

solutions are based on region specific crustal models

4. to the presence of noise or disturbances in the records etc
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5 User Guide

5.1 Downloading

Scisola is an open-source python based software that can be downloaded
through its github webpage (https://github.com/nikosT/scisola).
First of all, the user needs to download these 2 folders:

® scisola

e gscisola_tools

5.2 Usage

In figure 27, a description of the important files and folders in order to install

and run scisola is given.

File/Folder Description
scisola contains the scisola source code
scisola/scisola.py contains the executable file in order to run scisola

contains the ISOLA source code -calibrated for
scisola_tools/ISOLA
scisola software (actually scisola_tools/ISOLA)

a sample of the crustal model that will be used.
scisola_tools/crustal.dat
User can modify it at his own needs

scisola_tools/scisola.sql the MySQL database schema of scisola database

Figure 27. Scisola’s usage files.

5.3 Installation

5.3.1 Python

You need to install these python libraries (some of them are already
installed):

e PyQt4 (4.8.4)

e ObsPy (0.8.4)
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e matplotlib (1.3.1)
e numpy (1.7.1)

e multiprocessing (0.70a1)
e MySQLdb (1.2.3)
e psycopg?2 (2.5.1)
e logging (0.5.1.2)
o distutils (2.7.4)

e decimal (1.7)

e mpl_toolkits

e PIL

® subprocess

e shutil

® codecs

® oOperator

® 0s
® time
® sys

e datetime

Python language version: (2.7.4)

5.3.2 ISOLA

You have to compile the ISOLA code by running the compile.sh but you need
to have already installed the gfortran at your Linux OS. After running the

script, 6 files will be created: gr_xyz, elemse, isolal2c, norm12c, dsretc, kagan.

5.3.3 Database
In order to install the database, login from shell to mysql prompt by typing at

the linux OS command prompt: mysql -u root -p. After that, on mysql’s shell

prompt type:

create database scisola
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source scisola.sql

5.4 FExecution

If the entire installation process is completed, the user can run scisola
software by executing the file scisola/scisola.py by typing in the shell prompt:

python scisola.py

5.5 Browsing

After the successful execution of scisola the user will be prompt with the
database log-in screen. The user needs to type the credentials of the scisola
and SeisComp3 databases. Usually, the user needs only to provide the
password (the same for both tabs). After successful log-in, the user will be

prompt with the main window of scisola.

- database configuration

sciszla

scisola | SeisComP3

type | MySOQL L

user [ root

password | =

host [localhost |

port (3306 |

database | scisola

status:

o apply

Figure 28. Database log-in.
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In this window there are two tabs. The origins tab shows the successful MT
calculations of the latest 20 events. The log tab shows issues of scisola’s
functionality, if for example, settings have changed or the watcher has started
to listen to SeisComP3 or even if a new incoming event has arrived. At the
right panel the user can see five buttons as shown in figure 29. The first
button is used for starting and stopping the watcher module. The second
button is for scisola configuration. In figure 45 a description and a suggested
value for each entry of the settings are shown. The third button is for
database search for previous MT calculations, according to defined date-time
range as shown in figure 7. By pressing the forth button, the main screen is
refreshed with the latest 20 MT -calculations. Finally, the fifth button is

displaying the version of scisola.

scisola

sciszla

£ £

-3 datetime latitude longitude depth mw mo type id Ft

5 | 2014/05/24 09:25:01.00 40.2857 25.4032 8 6.6 7.61214e+18 revised 359

2| |2014/02/00 08:22:58.00 381752 20.3675 27 438 1.92161e+16 revised 358
2014/02/09 08:22:58.00 381752 20.3675 31 4.8 1.80111e+16 revised 357
2014/02/01 16:33:38.00 38.1727 20.3687 10 4.9 2.48455e+16 revised 356
2014/01/31 12:45:40.00 38.418 20.4677 6 45 5.60425e+15 revised 355
2014/01/02 05:29:21.00 35.0563 24.366 36 4.2 2.19752e+15 automatic 354
2014/01/11 04:12:56.00 37.8433 21.0142 5 4.9 2.1783%e+16 automatic 353
2014/01/26 13:55:43.00 38.219 20,5322 8 6 1.29597e+18 automatic 352
2014/01/26 14:59:25.00 38.303 20.4753 10 43 3.18839%e+15 automatic 351
2014/01/26 18:45:08.00 38.2282 20.4138 8 5.3 8.54745e+16 automatic 350
2014/01/26 19:03:07.00 38.1873 20.4177 11 4.3 3.30883e+15 automatic 349
2014/01/26 19:12:04.00 38.2408 20.4002 2 45 5.50082e+15 automatic 348
2014/01/26 21:15:34.00 38.1337 20.3002 12 4.6 9.73414e+15 automatic 347
2014/01/26 23:06:55.00 38.2398 20.4297 6 4.2 2.62028e+15 automatic 346
2014/01/27 13:05:50.00 38.2308 20.4403 3 45 7.36782e+15 automatic 345
2014/01/27 15:39:34.00 38.3748 20.4222 7 4.3 2.83447e+15 automatic 344
2014/01/28 05:12:53.00 38.2083 20.3817 10 4.2 2.16880%e+15 automatic 343
2014/01/28 22:22:37.00 384037 204885 5 43 307107e+15 Automatic 347

Figure 29. Main screen.

Figure 30. Main buttons.
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By double clicking to a MT calculation, a review window appears such as in
figure 32. It consists of 8 tabs. First tab contains solution relative information
and a revision panel where the user can change the inversion frequencies or
remove a stream by double clicking on it. The second tab, as shown in figure
33, displays the map of the calculated focal mechanism and the contributing
stations.

In figure 34, the third tab shows the misfit of observed and synthetic
waveforms plot. In figure 35, the forth tab shows the generated plot
containing the best focal mechanisms for each depth while in figure 36, the
fifth tab shows the generated plot with all the focal mechanisms for each
searched depth and for each searched time step. In figure 37, the sixth tab
shows the created plot with the contributing, to the inversion, stations. In
figure 38, the seventh tab shows a generated text file of the results including
the final focal mechanism, which is suitable for distribution over the web.
Finally, in figure 39, the eighth tab shows a log file containing the process
information throughout the whole computation. At the second, third, fourth
and fifth tab, the user can zoom in and out.

scisola

7
i)
0
38
oY)

B o

2014-07-31 23.49:47,866 INFO - Settings successfully applied.

log || erigins

2014-07-29 00:48:12,649 INFO - Stoping watcher.

2014-07-29 00:48:09,404 INFO - Starting watcher.

2014-07-25 12:05:09,595 INFO - Revised procedure finished successfully...
2014-07-25 12:02:09,668 INFO - Starting revised procedure for origin_id: 318
2014-07-19 18:38:25,250 INFO - Revised procedure finished successfully...
2014-07-19 18:36:34,848 INFO - Starting revised procedure for origin_id: 357
2014-07-19 18:30:43,847 INFO - Revised procedure finished successfully...
2014-07-19 18:28:46,498 INFO - Starting revised procedure for origin_id: 331...
2014-07-19 18:21:58,527 INFO - Revised procedure finished successfully...
2014-07-19 18:20:06,428 INFO - Starting revised procedure for origin_id: 336

2014-07-19 18:07:53,831 INFO - Revised procedure finished successfully...

Figure 31. Log screen
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hd review - + x
results | map | misfit  inversion  correlation | streams | text  log
Revision
Event ID dataset Origin ID 360 || Freq Band (Hz) [0.0400 |1 - [0.0500 [7| and [0.0800 [2| - [o.0000 [7]
tapered tapered
Origin Timestamp 2014-10-01 11:58:23.071589 Type revised
Stream C per
Network Station N E z
1 HT LKD2 0.67 0.91 -0.45
Origin Date (GMT)  2014/02/01 Origin Time (GMT) 16:33:38.00 2 " RLS 0.82 0.29 057
Centroid Latitude 20.3687 Centroid Longitude 38.1727 5 s o 047 013 0.65
Centroid Depth (km) 10.0 Centroid Time (sec) 2.76 : . :
Mw 4.9 Moment (Nm) 2.48454817e+16 4 HP DRO 0.81 -0.62 3.93
Correlation 0.773009 Variance Reduction 0380912721 5 HP AMT 1.2 0.46 0.3
VoL (%)  -0.0 DC (%) 68.4 CLVD (%) 31.6 6 HP ANX -1.02 0.49 0.95
Mrr -8.4149e+15 Mtt 1.83137e+16 Mpp -9.8988e+15
Mrt -2.0432e+15 Mrp 7.5847e+15 Mtp 174213e+16
NP1 NP2
Strike 203.0 105.0
Dip 71.0 68.0
Rake -157.0 -19.0
Azimuth Plunge
P-axis 65.0 28.0
Faxis a0 =0 0 all [ delete ||| / revise J
B-axis 239.0 61.0
Min Singular Value 6.64989791e-16 Max Singular Value 1.22019617e-15 Condition Number 1.83490968
STVAR 0.2 FMVAR 11.9491111111
review -+ x

887N

784N

3682°N

Figure 33. Review screen 2.
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~ review x
results | map Im\sﬁtl inversion | correlation | streams  text  log
[ |
Fit Results
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results | map | misfit }mversmn{ correlation

Figure 34. Review screen 3.
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Figure 35. Review screen 4.
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results | "_map H_misﬁt ”—inversinn ” correlation U—nreams HHHH‘

review

¥
Time ()

Figure 36. Review screen 5.
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Figure 37. Review screen 6.
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- review

results | map | misfit | inversion || correlation | streams | text || log

Origin Time: 20140111 04:12:56.000000
Latitude: 37.8433 Longitude: 21.0142
Depth (km): 7

Mw: 4.9

Centroid Seluticn
Centroid Time: 3.0
Centroid Latitude:
Centroid Depth (kn

sec) relative to origin time

(
37.8433 Longitude: 21.0142

No of Stations: 13

Stations N E z
HE.PDO .21 -1, -9213.76
HP.PVO 0.74 0. 0
HP.EFP 0.74 0. .9
HL.KLV 0.61 0. 0.68
HL.ITM 0.7 0. -1.44
HT.LKD2 0.71 0. 0.81
0.61 0. 0.18
0.55 -9 .88 -0.82
0.92 0. 0.59
0.84 0. 0.38
-0.3 -3 -3.78
0.43 0. 0.41
0.79 0. 0.77
Freg band (Hz)
0.05-0.08 tapered 0.0 and 0.08-0.09
variance Reduction (%): 0.581856744

Figure 38. Review screen 7.

- review

results | map | misfit | inversion | correlation | streams || text | log

2014-07-17 18:32:01,339 INFO - Working directory is set to: /home/nikos/Desktop/out/20140111_041256000000/20140717_153201332480

2014-07-17 18:32:01,340 INFO - Origin's parameters:
datetime: 2014/01/11 04:12:56.00

latitude: 37.8433

longitude: 21.0142

magnitude: 4.7

depth: 7

timestamp: 2014-07-17 15:32:01.332480

avent_id: dataset

2014-07-17 18:32:01,340 INFO - Settings's parameters:
time_grid_step: 2

distance_range: 1000

time_grid_end: 75

stations_per_sector: 3

sources: 20

clipping_threshold: 0.8

seedlink_host: 83.212.117.71

sc3_path: i

source:_step: 2

sc3_scxmidump: scxmidump

process_timeout: 3600

inversion_time: [[3.5, 5.5, 327.68], [5.6, 12.0, 409.6]]

id: 1

crustal_model_path: 1.0/crustal.dat
output_dir: /homelnikos/Desktopiout
center_latitude: 38.0
time_grid_start: -75

min_sectors: 1

timestamp: 2014-07-17 09:57:09
process_delay: 0

seedlink_port: 18000
distance_selection: [[3.5, 4.0, 10, 100], [4.1, 4.5, 50, 150], [4.6, 5.0, 80, 200], [5.1, 5.5, 90, 250], [5.6, 6.0, 110, 500], [6.1, 12.0, 330, 1000]]
sc3_scevils: scevils

watch_interval: 60

isola_path: i i 1.0/ISOLA

magnitude_threshold: 3.5

center_longitude: 22.0

Figure 39. Review screen 8.
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5.6 Configuration

In order to run scisola properly, the user needs to configure it. In figure 47,
the settings’ variables, a description for each variable and their recommended
values are presented. For most of the settings the user needs to test scisola
manually by running offline datasets of earthquakes to figure out which
configuration fits his network. In figures 40, 41, 42 and 43 the four tabs of

the scisola’s settings screen are presented.

Settings
stations | inversion | watcher | settings
Location's restriction Magnitude’s restriction
center longitude center latitude distance range (km) min magnitude | 3.5
[22.0 | [38.0 | 1000 1
CrEmEn == 3.5 <= magnitude <= 4.0 and 10 <= distance <= 100
4.1 <= magnitude <= 4.5 and 50 <= distance <= 150
_ |4.6 == magnitude <= 5.0 and 80 <= distance <= 200
TEEE distance (km) 5.1 <= magnitude <= 5.5 and 90 <~ distance <= 250
= = 5.6 <= magnitude <= 6.0 and 110 <= distance <= 500
min [00 min [0 6.1 <= magnitude <= 12.0 and 330 <= distance <= 1000
max [00 |7 max [0 .
<
Azimuthal selection Stations
edit database |
number of sectors [1
stations per sector 3
Last changes: 2014-07-31 20:49:46 | v apply |

Figure 40. Settings screen 1.
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v Settings +
stations | inversion | watcher | settings
Centroid depth Data clipping
3 lipping threshold 0.80 i
number of sources [20 N | H
step search (km) [2 |2 | Time grid search
Crustal model - ED I
end (75 |
crustal model path | e isola-1.0/crustal.dat | | .4 browse step search | 2 B|

Inversion time

v

magnitude tl (sec)

min [00 7] 16.384 *
M

(&)

3.5 <= magnitude <= 5.5 and tl = 327.68
5.6 == magnitude <= 12.0 and t| = 409.6

Inversion frequency

v

magnitude frequencies (Hz)

min \ [0.0000 |7 [0.0000 |%| [0.0000 |7 [0.0000 |7
N |

(&)

5.6 <= magnitude <= 6.0 and frequencies = [0.02, 0.03, 0.06, 0.07]
6.1 <= magnitude 2.0 and frequencies = [0.001, 0.005, 0.01, 0.02]
3.5 <= magnitude 2 and frequencies = [0.06, 0.07. 0.09. 0.1]

4.3 <= magnitude <= 5.5 and frequencies = [0.04, 0.05. 0.08, 0.09]

Last changes: 2014-07-31 20:49:46

+ apply

Figure 41. Settings screen 2.

v Settings
stations | inversion | watcher | settings
check interval (sec) [60
process triggering delay (sec) [o
process timeout (sec) [3600

Last changes: 2014-07-31 20:49:46

« apply

Figure 42. Settings screen 3.
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- Settings - + %

stations | inversion | watcher ‘setlmgs‘
{ 1
scisola

results folder [/home/nikos/Desktop/out 1| & browse

scisola database

pdate database [ reset

SeisComP3

SeisComP3 path | /h ] iscomp3_exp/b omp 1| & browse
scevtispath  [scevtls | [ 4 browse
scxmidump path | scxmidump 1| & browse

path [slinktool | [ 4 browse
host |83.212.117.71 port |

slinktool

ISOLA

ISOLA path _thesis/ver is0la-1.0/1SOLA || & browse
Last changes: 2014-07-31 20:49:46 # apply

Figure 43. Settings screen 4.

~ stations - 1+ x
network A station stream latitude longitude station_priority stream_priority azimuth dip sensor_gain datalogger_gain ion_fact *
531 HP ITK HHN 38.0228 22.9673 5 7 0.0 0.0 6000.0 399998.4 571508000.0
532 HP K HHZ 38.0228 22.9673 5 7 0.0 -90.0 6000.0 399998.4 571508000.0
; HP ZKS HHE 37.696 20.785 5 7 90.0 0.0 1201.0 3999984 1703690000.0
SE_ﬂ HP ZKS HHN 37.696 20.785 5 7 0.0 0.0 1201.0 3999984 1703690000.0
535 HP ZKs HHZ 37.696 20.785 5 7 0.0 -90.0 1201.0 399998.4 1703690000.0
536 HP 56D HHE 39.612 20.234 5 7 90.0 0.0 2000.0 399998.4 98533.4
; HP SGD HHN 39.612 20.234 5 7 0.0 0.0 2000.0 3999984 98533.4
538 HP 56D HHZ 39.612 20.234 5 7 0.0 -90.0 2000.0 399998.4 98533.4
530 HP AXS HHE 38.1962 213763 5 7 90.0 0.0 2000.0 999996.0 98533.4
E HP AXS HHN 38.1962 21.3763 5 7 0.0 0.0 2000.0 999996.0 98533.4
sa1 HP AXS HHZ 38.1962 213763 5 7 0.0 -90.0 2000.0 999996.0 98533.4
saz| HP GUR HHE 37.9363 22,3423 5 7 90.0 0.0 1500.0 999996.0 1
; HP GUR HHN 37.9363 22.3423 5 7 0.0 0.0 1500.0 999996.0 1.0
saa | HP GUR HHZ 37.9363 223423 5 7 0.0 -90.0 1500.0 999996.0 1.0
sas| HP RGA HHE 39.3212 203544 5 7 90.0 0.0 2000.0 303030.3 98533.4
; HP RGA HHN 39.3212 20.3544 5 7 0.0 0.0 2000.0 3030303 98533.4 ‘ |
; HP RGA HHZ 39.3212 20.3544 5 7 0.0 -90.0 2000.0 3030303 98533.4
sa8 HP DSL HHE 39.1338 21.0964 5 7 90.0 0.0 2000.0 303030.3 98533.4
sae HP DSL HHN 39.1338 21.0964 5 7 0.0 0.0 2000.0 303030.3 98533.4
+ apply

Figure 44. Stations/streams screen.

Nikolaos Triantafyllis — ID 926 62



Scisola: Automatic Moment Tensor solution for SeisComP3

Scisola Settings

Variable Description Suggested Value
center longitude The longitude value of the central location for the given distance range, -
within which events are going to be triggered
center latitude The latitude value of the central location for the given distance range, -
within which events are going to be triggered
distance range (km)  The distance range (in km) value from central location, within which 1000
events are going to be triggered
min magnitude Events with magnitude greater or equal to the min magnitude value are 3.5

going to be triggered

distance selection The distance selection that will be applied according to the rules set by 3.5 <= magnitude <= 4.0 and 10 <= distance
the user. For example, having the suggested set of values, if an <= 100
earthquake event of 4.7 magnitude arrives, then scisola will choose 4.1 <= magnitude <= 4.5 and 50 <= distance
stations that are within 80 and 200 km from the epicenter’s location. <= 150
Scisola doesn’t take rules’ order into account. In order to set rules, the 4.6 <= magnitude <= 5.0 and 80 <= distance
user needs to “calibrate” the rules, by testing datasets of events offline <= 200
and figure out what’s the best configuration for them 5.1 <= magnitude <= 5.5 and 90 <= distance
<= 250
5.6 <= magnitude <= 6.0 and 110 <= distance
<= 500
6.1 <= magnitude <= 12.0 and 330 <= distance
<= 1000
number of sectors The number of the azimuthal sectors that must contain stations in order 4
to execute the inversion procedure
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Scisola Settings

Variable Description Suggested Value
stations per sector The maximum number of stations that will be chosen in the azimuthal 3
distribution phase. If the number of stations are more than this value,
scisola will remove those stations who have low priority and are farther
from the epicenter’s location
edit database button  This button triggers the stations window where the user can see the -
streams that are imported to scisola and edit their information
number of sources number of trial sources distributed above and below the automatic 20
depth estimation
step search (km) The step between two adjacent trial sources in depth 2
clipping threshold The clipping threshold value according to which scisola will decide if a 0.80
stream is clipped or not
crustal model path The path to the crustal model -
start The start point of time grid search, given in dt (i.e. sampling interval of -75
data defined by the choice of inversion time)
end The end point of time grid search 75
step search The step point of time grid search 2
inversion time The amount of data (in sec) that will go to inversion according to the 3.5 <= magnitude <= 5.5 and tl = 327.68

rules set by the user. For example, having the suggested set of values, if
an earthquake event of 4.7 magnitude arrives, then scisola will choose a
time window length (t1) of 327.68 seconds. Scisola doesn’t take rules’
order into account. In order to set rules, the user needs to “calibrate” the
rules, by testing datasets of events and figure out what’s the best
configuration for them

5.6 <=

magnitude <= 12.0 and tl = 409.6
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Scisola Settings

Variable Description Suggested Value

inversion frequency  The inversion frequency that will be used in the inversion according to 3.5 <= magnitude <= 4.2 and frequencies =
the rules set by the user. For example, having the suggested set of [0.06, 0.07, 0.09, 0.1]]
values, if an earthquake event of 4.7 magnitude arrives, then scisola will 4.3 <= magnitude <= 5.5 and frequencies =
choose frequency band for the inversion procedure e.g. 0.04, 0.05, 0.08, [0.04, 0.05, 0.08, 0.09]]
0.09 Hz. Scisola doesn’t take rules’ order into account. In order to set 5.6 <= magnitude <= 6.0 and frequencies =
rules, the user needs to “calibrate” the rules, by testing datasets of events [0.02, 0.03, 0.06, 0.07]]

and figure out what’s the best configuration for them 6.1 <= magnitude <= 12.0 and frequencies =
[0.001, 0.005, 0.01, 0.02]]
check interval (sec) The interval time in seconds that the watcher will check for new 300

incoming event

process triggering The delay time in seconds that the user can assign before triggering an 0

delay (sec) incoming event. This can be used in order to give time to seedlink to
gather data at its ringbuffers

process timeout (sec) The time in seconds that if completed, it will terminate the procedure 3600

results folder The path to the scisola’s result folder. Inside this folder scisola will -

create sub folders by using the origin’s date time as a folder name.
While inside these sub folders, it will create sub folders by using the
date time that triggered the process. Inside these folders the results of
the calculation will be saved

update database By clicking this button, scisola will retrieve from SeisComP3’s database -
button — reset button the station/stream information. If reset is enabled, it will delete older
streams’ and stations’ information from the scisola database

seisComP3 path The path to the SeisComP3 folder -
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Scisola Settings

Variable Description Suggested Value
scevtls path The path to the scevtls module of SeisComP3 folder scevtls
scxmldump path The path to the scxmldump module of SeisComP3 folder scxmldump
slinktool path The path to the slinktool module of SeisComP3 folder slinktool

slinktool host

slinktool port

The host value of the slinktool module of SeisComP3

The port value of the slinktool module of SeisComP3

ISOLA path

The path to the ISOLA folder

Figure 45. Scisola settings.
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6 Conclusion

6.1 Summary of the master thesis

This master thesis contributes to both seismology and computer engineering
by providing the scisola software which is an open-source python based
application. It supports the automatic calculation of moment tensors; the
seismic events’ notifications, stations’ information and the corresponding data
waveforms are provided by the SeisComP3 system. The moment tensor is
calculated through the ISOLA software in parallel mode for much faster
calculations. It also supports result storing in a database for a better data
management. In addition, it supports extensive configuration changes based
on the needs of each researcher, through a user friendly graphical interface. It
supports a graphical overview of the moment tensor calculation and the
corresponding data fit while it enables the user to revise the moment tensor
in case they wish to alter the automatically suggested results. deg StopBwoeig

TLO TTAVW

6.2 Conclusion

Moment tensors, as mentioned before, are used in a wide range of
seismological research fields, such as earthquake statistics, earthquake scaling
relationships, stress inversion, shakemap generation, tsunami warnings,
ground motion evaluation and more. Until now, the procedure of MT
calculation as well as the representation and the distribution of its results are
a manual and a time consuming operation for most local or regional
networks. Thus, the aim of this master thesis was to implement a software
that can automatically provide the MT solution of earthquakes that are

getting notified by SeisComP3 in real-time. The creation of the scisola
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software constitutes a starting point for immediate implementation in the field

of seismology and presents a research interest in the field of computer science

and engineering too.

6.3 Future Improvements

There are many future improvements that can be implemented in order to

make scisola more reliable, fault tolerant, more functional and easier to use.

Specifically, some of the main expansions that can be applied are the

following:

Advanced methods and artificial intelligence techniques for selecting
stations and streams for the inversion procedure

Implementation of multiple crustal models based on epicenter’s
location

Implementation of advanced signal processing methods to seismic
waveforms, in order to avoid various problems such as disturbances,
noise and data transmission problems e.g. recently an open-source

python code

for automated detection of fling step disturbances

in seismic records has been developed [28] and can be integrated with scisola

Search of centroid in 3D grid surrounding hypocenter

Pre-calculation of the Green’s functions in order to achieve faster
performance

Better estimation of solution’s quality

Automatic distribution of the results through the web

Source code improvement by providing more error safe code

More functionality application according to the needs of the user
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