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ABSTRACT KEYWORDS

Purpose: This study aims to design and verify an onsite EEWS that extracts the P-wave EEWS,
from a single seismic station and deduce the PGV.

P-wave property,
Method: The P-wave properties of Pd, Pv, and Pa were calculated by using 12 seismic

waveform data extracted from historic seismic records in Korea, and the PGVs were PGV,
computed using empirical equation on the P properties - PGV relationship and PTW,
compared with the observed values. Seismic blind zone
Results: Comparison of the observed and estimated PGVs within the alarm level shows
the error rate of 86.7% as minimum. By reducing the PTW to 2 seconds, the alarm time
can be shortened by 1 second and the seismic blind zone near the epicenter can be
shortened by 6 Km.
Conclusion: Through this study, we confirmed the availability of the on-site EEWS in
Korea. For practical use, it is necessary to develop regression formula and algorithm
reflect local effect in Korea by increasing the number of seismic waveform data through
continuous observation, and to eliminate the noise from the site.
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1. I

A A %7]7 B (Earthquake Early Warning) & A4 & 9 uls] S Zol=d IA 7198 4 Aot FYedlAE ISO
22322004 AN FF AR Z2A 20 whe} A2 HHA 1S ?%6} ATH(Yun et. al.,, 2015). A W] Az o %]
E7FsatA R AZ9kE A S Puke) STko] AREALE o] &8t A o] B3] Mol 1 A7|E AT F L
), o5 ARZ BHsl= AAZ GBS vFES v, WA F, §H 5 4K ]EH Exde T"‘ o2 &gata ok A 71
Aol 9@ T ARZA AR A 21 AFolA b9 AA o A€ PItE ] 83t dollA o] FRE w3kl Tt
Lo X e A FRE gofste] FEFAA] ARE Bt A 7hed 14 HirH LﬂE° AL 53 AAER &=
M-S X g slr] Wil 243 AR} 7bsshd), o]2 A9 A B (Regional Warning) o2} o}, 2816 P3be} Sube] A1)
7t oF F ol AEZE AolE ZiHts WY A2oAM F dEe T2AIZHE IA Aoy %T‘Z—‘:} a4 MEYA T
X}%’\IAE" < o] &gt sl& Ao BT F Hx HZ40l Pyt 23 o] F o] #AF40| ASH R A}
T #HSARE AEst7] vl 7‘43-% 7} & dbE 11 Ao
o As o] WAste] wjsf Azte] 7|3 E @A Hrh
= ZE3luA 3 S9HE AAZ I AR (Onsite Warning) 7} Q. o]
P AREHE 7 2 o A #E, #ZAHY E 55 FAkste L=
ZA - A DY HZ71E AHEE BEA A 0] 7] wfiTol A9 AR} vwdte] AR AZEe w25 g
=F G Aol ARF2 A& AR5 wEol HEe T oA
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g oA vlolE & AElste] 2t Ao ARE A= A, #=
Lt Eo 2 %Eiﬂﬂ]% B3 TP S 27 wZol AR & A7) AT SAHY AAZE BHD QU
A 30d 2+ AZ @A ARAA S AL} AES AT AT st =8-S Tl s sioh A% ARAA
o Nx= Nakamura(1988)t UrEDAS (Urgent Earthquake Detection and Alarm System) 2l |22 27| @A <]
Onsite 74 2A| 262 7dste] Pole] F£7]9F 3192 (Back Azimuth), 23 2 43 H]& 2 JZ 7] 5 A7 g E
FAELa 18 B8 AR 7R XS =354} o] F Nakamura(2003) = Compact UrEDASE E3) A4} /&=
o} Lol At WA gl 215 H3 FHE AL E AN ZR ZA AR Fefo tig e A3 E 7S »‘i‘:}
Okada et. al.(2003)2 P% %3 3y So] e 3AFFE ol &st] 7RG IAYAD ALLE A=t =3
Kanamor1(2005) = NakamuraZ} AR FE25 F2617] Y3l AN Pt 25 5718 A A2 TS AA O}E’i‘:}
Z, Pute] 37 o tigk 25 F7)¢ Aol M E 2= BHOE IAH A7 o] 34’5‘]1 VJ% sk WS
ﬂ]%o}%‘ﬁ}. Blse et. al(2012)& 745, £5 3 "ol tiak Al T/ 98-S o] &3t Az 4 A 2 PGVE
FABIAT. SAIE AN RO A8t dag|Fo s M %Liqxd ol 7, — Pd H(Wu et al, 2008)015}. Pa}el %7]
BAF7|25EH A7 25 ZAAsa, Pd #OZHE PGVE FH31= 712 elo| ¢} Ao} 59 AME-S 133}
of 7i @ Woltt. o] F Zollo et al.(2010) Y&} gtolgh, o]ggjote] 1 Zlo] 50km o] A7 Y Azl #=
B3-S 2t Pd #6347, @& st ARE HEHE 5 e WS AT =3 Colombelli et al. (2015) & Y&
oA WA FR 7.0 o]de] AXE AYAT #HZAE UF2E Pd, Pv € Pa9t PGV A0 tig A4S A s
+ Pote] 2E &% gl 7k w R PGVEHe] #AIE Uehlin, @7eA 49 Pt B4 ERH i3 A3 9 PGV
AEE 5 Tk
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2.1 I F X|Zlof| Chet Pt £=

ARAR FARAE 3 20163 o]F = W FolH A3 = 350142 127] A F (Table 1) HIOJEE AHESFA
o} I 7b&d Pute} Suko] AlZEAbe] Ui o R g2 Ay e AR fas AR EAS 13y Yo ZHEH
60km oW o] £&A] #Z4oA #S5H Pute] FAAES FEITh A VS ERE PRE A502 A, F2357] 9%
Woto 2 Lomax et al.(2012) 9] 9|3 Filter Picker €1 8]&S 28319 th Filter Pickers= AAIZE A wUEH 2
Z7] BB AL e OEA ) A daelFelth AARE U Az gal] 88t Abd Aojd a4 gy
of Wt NE O FA FoTE 2w o] e NEE A, 543 FrE At Y 11 ghol AR Aojd dAAE
e o g3E A T AN T 4 AES G-3HA Fh. o] Filter Picker?] pick_fpEE &-83t IuUllA
TS A AXGPEERH PoE 0.1% AR AF FE3901, Su] A pick_gmEES o] &3t 21 Al
71% 1202 W #=4 397ted PGV HUHze FE239(Fig. 1).

Table 1. Dataset for P-wave analysis

date(KST) magnitude area max intensity
2015-12-22 4:31 3.9 Tksan -
2016-09-12 19:44 5.1 Gyeongju -
2016-09-12 20:32 5.8 Gyeongju VI
2016-09-19 20:33 45 Gyeongju -
2016-09-21 11:53 3.5 Gyeongju -
2016-11-13 21:52 3.5 Boryeong -
2017-11-15 14:22 5.4 Pohang \Y
2017-11-15 16:49 43 Pohang \Y%
2017-11-16 9:02 3.6 Pohang v
2017-11-19 23:45 35 Pohang 1T
2017-11-20 6:05 3.6 Pohang v
2018-02-11 5:03 4.6 Pohang \Y
" tank
N FRILE “,5
= —
pick_fp pick_gm
. s
: : ¢ trigger
{ __‘catalogi_ \_info _ ) PGV )
. |
{7 on-site warning | |
‘{ analyzer }>

Fig. 1. Diagram of seismic analyzer for on-site warning
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z_olﬂo_usuz_xmuz_ onsite_vel_triggers 2017_1115_052931_onsite_vel_trggers
N ’5 ~ . ] ’1 &J\—/Hﬂ]ﬁ/ :
Fig. 2. Stations used for optimal PTW Fig. 3. Stations used for optimal PTW
(The 2016 Gyeongju earthquake) (The 2017 Pohang earthquake)
A i Accelerometer, [ : Geophone,  Highlighted : Triggered stations
g, Kanamori(2005) o] wh2d, @RHHEE A% Pﬁ)rgl =4 A 9= (PTW; P-wave Time Window) & 3%
AAstar 9o, Colombelli(2014) 3, AR 6.5~7.0 Atele] Aze] A4 PTW= 327} fra3HS A8t 18

U Pate] 44 £57F A7 R we e e iiﬂ?‘&t} , TUle) A7 EA O o] R 650]%}.9] 279 A A
75l =S AAZ & v AA PTWE 327 834 7Fo] Zasit ©d PTW7I fhd 73§ dolo] =3hehe
Sute] 7H4o] wolzE Agate] A PotET 2 STE JF 4Y 4 7] wEelth Ul #A AX 5golA #&H
Pokg A®37] 5] & AFolAE WA Table 19 A7 o|WE 742H 20169 AFAA% 20179 A o WES
402 Fig. 2, 30 Vel 7 #2282 94 0.1% 1402 %8 Pd, Pv 2 Pao A7HWsE BAsigon, 1
% Pd9 F& ZIAE Fig. 4, 59 AT

2016-09-12 203254 M3.0 2017-11-1% 142031 M3.4

2016 Gyungju Event 2017 Pohang Event

S Wave Arrival

) ] 13 1 [ an

Fig. 4. hypocentral distance and Pd time variant Fig. 5. hypocentral distance and Pd time variant

after trigger(The 2016 Gyeongju earthquake) after trigger(The 2017 Pohang earthquake)
A#AE By A2AHEE EAE Prro] IZ Pd e YA ©E AAE T ATHE o] RHA FrtetE A
< B3tk 2o 2RE Swste] #S5A50l 5%??} 7t sk A Aol Subel MutEEE uHd Y =FARES
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Moz A 1 A 2016 BF A A4 o 22 AFE Supe| FAdol AR glew. 2017 EFA|319
AgolE 3.0% o]F Suyl EPEtY Y& & 4 Atk 18y PdE BOW F AQ BF 2.0% o] on] A4S %ag
7] ol o] & AHE nejd davt glon, R LS s Hd SJM Mo R wo|28 §4T & 9t o
e A AFAANA AN AR 27t ol weh 289 PTW 94 24T + s © Ulz‘s}u%, FrEe] A7
o] $AIF Fe) A4 2.0%9 PTW/F A3sh, o
Sto] 7H] wEol| A3t Pute] EAS THobe 4 ¢l
PTWE 222 AA3s9t}

AU WAL FHE B2 AYA) BY SIE 4334 VB 18 A7F At G ol A9 T
Efolgt SX014 ASHE 7, — Pd ' (Wu et. al., 2008) & AHE35Ha T B340 P3} Yug Fo) A7 728 59
AR A SR B AEE Bk & gtk F, 7,8 o g3l W] ANFRE FY4x, AFORRE B A0S

HEsly] 913 ARAYIIA O] A2l E Fete] A4S Tl AFS ASshe vaA 3
FEQ A gl el Badgo] WaEHo] vt Iy PdgteE HE
HH Bo wey 4 JRAYGe] IAEE A5 5 9loH, A o]d 1
71 7kl Wu et al.(2008) 2 €&, Bfoj¢t gl Az]xzyo} A1H e} 11Y¢A el 30km ©]
wAske] PGVel Pde| aAlol thdt ZAd4& 4 (1) &Zo] Al 8.

tok
X

>

(o3
>
oo
okt
)

log(PGV) = 0.9201log(Pd)+ 1.642 4+ 0.326 (1)

o714 PGVE cm/sec, Pde cmE 43T §ARE BHH S 2 Colombelli (2015) & €& EEF AHbollA A
TR 40004 7.5 Atole] 767 A ol EQ)] tidl 12,7927) HlolE] A& A 35te] Pa, Py 2 Pd & PGVY A o th3t
AEAL 4(2)~2] (4) 9} o] AA BT

logPGV = 1.11(£0.08)+ 0.69(£ 0.04)log Pd 2)
logPGV = 0.72(£0.06) +0.93(% 0.05)log Pv (3)
logPGV =—0.55(£0.05)+ 0.72(£ 0.05)log Pa (4)

o5& R 7.5 o]ste] Azl Ht gAY 100km oW o] A HoElE A% Aot E AFelA= 4 (1)~(4)
o] 83t Table 1] AAIE AR HolHZHE F24 PV} 71X 3572 EAX & Pd, Pv 2 Pag o]&3lo PGVE
Attt 4@ 42 25 ok HeE ZAuE Table 19 AAE A oWIES] F 1547) MEQ] dHoJE ol 4|9 F3k
ALl PGVE 439t (Fig. 6). PGV 4 AAE 7t A=A #=d AA PGV vln st Fig. 7~10¢9]
o2 EAgEte] 7 ARE vlndth =3 ARV S EE 7E2 R A5 ARIF AM-E = vl Wald et al. (1999)
o] AAE PGVS MMAES A wet PGV F7)d 2 7t W59 J9S w3t 253t mA T

o —lN‘ u
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Estimated PGV from Pd(m/sec)
Fig. 6. A scatter plot of PGV of the observed

and estimated from Pd using Equation (1).

g

Observed PGV(m/sec)
g

ViV vl

L 1w

Estimated PGV from Pv(m/sec)
Fig. 8. A scatter plot of PGV of the observed

and estimated from Pv using Equation (3).

W @
FHAE BH 0.550cm/sE AAHOE T Fi& FAHAATN 52 HFEZ ZAHT 55 BRIt A

BRE WS AN R ol 84 TS A% A7le] YAA 5 AEE YL PRERE d3Hs A
2717 YANE GeAG thek ARE WS A7 BrHEE Sof Hsu 2016). To ot 0A4E Brbshe

b

Observed PGV(m/sec)

Vv vl

n v v

1" 1w

Estimated PGV from Pd(m/sec)
Fig. 7. A scatter plot of PGV of the observed

and estimated from Pd using Equation (2).

Observed PGV(m/sec)

g

Estimated PGV from Pa(m/sec)
Fig. 9. A scatter plot of PGV of the observed

and estimated from Pa using Equation (4).

AE=TH 118 1822 T YARS 7122 AS{] FAAEG 22 495 28, 50| FHARG & F§-
B

RO Bk WEe AsUTh YW 1ES

A7 At Hlude W, A< o83 23 F 15871 vy
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A 7kEl 10789] dlolEelM e7E Hol 93.7%] AFES EHAH. 22 PAEHE F4% A3=Z Colombelli et
al.(2015) o] ANAZE 2} (2) & AHEE A3 (Fig. 7)& B Fig. 63} Hlawste] fAF ZE Yt 712d PGVe ®&d
6

2
fr

A= 0.538cm/sZ tha A" ARE Holu o, 7719 tlolEdM SFE B 95.6%9] HFES R 28 Uy
o & 2(3)° wet PvEREH FAE PGV X dA 453 235 ey, 555749 £F82a= 0.639cm/s, =
5 23= IZ 99.4%9] AFEL Ho|x 9t} vhd 2] (4) o] e} Pa2RE FAHHE PGV EXE A X [I0]5F FHolA
A7} A o2 goks A el glon, EFHAE 0.782cm/s, A% 5F L= 21/1E B 86.7%2 AFES
Bt Fig. 7~99] Al 237} Pvel PARRE 49 2347 52 FEEE Kol WY, PaZRE|9 A7yt Jojde
2GS AIEE Hols o|fE, PGVE Hlwshy] Al o] 88 &5 #2409 Pyl 3= AHE A8 S 53 &=
HA A DAY= AFak R 1Hdo] NS AR ddE. o] F xﬂﬂom el AgshE A e 9 AEe T3l
e AAT 87t &S TelEth Fig. 102 4(2)~(4) 2HE FHE PGVHY B3 335 PGVE vlust s

FAGT AAE UERE PGV #9] EFEWAE 0.526cm/sE T4 9] /fAE Holal 9l

w

. =Y XX FdEo| J|cisnt H oA

0

Foprlo] 38 ol Wl 7o) glo] ARARE 918 PTW/} M A7 Ao ANH o] ARH o2 451 3]
327} Aeksiel, o) & 222 Zol 2L PGVO] 9A4F Foltw] i 7FHe A0 A7 A% Ane] A5HE B
UAE AT QY Q2] A5 Sve] BT Agke] B7] whEe] Pok 2FL B4 glo) PTW/E Z7bel et ZRAG
0] T2 FHeo] Z7h AV Fig. 118 Pots} Sope] Astdsol] B A7 @47 ne] 3L 845 1Y)
O BestE S8l Potsl Subol AREEE 27 bkm/s, Skn/s2 MU ) 329 PTWE ALSshs A5 Popt 9l

o rr
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il
10!
'
.g. ‘. e
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Estimated PGV from the Average of Pa, Pv and Pd(m/sec)
Fig. 10. A scatter plot of PGV of the observed and

estimated from Pd using average Equation (2)~(4).
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Hypocentral Distance(km)
‘ [ 9 | 12 [ 15 [ 18

Time 1 P

(sec) 2 =5 | P _J
3 | S 2sec | |
4 | S 3sec =
2 ! | | | | s
. | ! | | | .S._.

Blind Zone (PTW = 2 sec)

N Blind Zone (PTW = 3 sec)

Fig. 11. Blind-zone variant by PTW in onsite warning

o2 Lokm A4 SHHA 25710 A 48 S Ok Aol £AH, o\2rel 2T Pkl £
3 5 Suhe] 24o] A2 Msshl Bk hebd BRI} F5E Ade N

ALSIA 9 12km AHOIA F57} R3] @2 o Gk o Felo] FATE & 4 ek, oA, PTWE
A W9 7L WY S o0, FASE 2 ED AAE UL AFAZAIA FAAE F + UA A
AREIAR AEE AARY SR AN, AF A ARAT 44 ] A2 AILE D I 1

£ Weos A5 AsMo] A58 Bast Uk ol A% AZelAs] 126] A Bt kmel Au FAAL Eolo

Aske B AL 7188 wole $8% Fdo] I & Uk
=3, PyRFE Pd9} Pag AXtss A8 G1EF ol 2P ad YRES AL Fol7] A% &, Pupt /1A
e B4S FAC aEste] e AR T Zol7] AT AER B AP A= FFE ol Pyke) 374 B4
< 714 HJ PTWel gA|3le] 6l S8 PGVE AHEsHE & s HOwEe 59 239 258 59 + Qe Aew
ot £ dPATFE] AMG 736‘4“4 S el A 34 2 243t FEE £Y & vk T I
ol ES} HolE Ao 7ukg Az RE AL 372 AHLE 19 o]ate] ol Aol ZA AANH AP Aol
A ARG wFo] B w vlmd £ 7] Wi, F2 3.5 olste] HA AT AFE AW o BAT F Yt

1:1

23
Az HE A8 7t Mt S5y APAE =& %1_‘1:_ daslt) o2 Y& AR HET 5 Je Al=H
N3} 285 58 ojHlES} tlo]y Ao £&5 sole dol AT 4=E Fart ok sAl SVM(Support Vector
Machine), ANN (Artificial Neural Network) % 7]A%t5 7]‘“@% 53 Pz} 717 gheket 2460 ik o Se] A&
AId4E =Y F e dFHAV Basi

2 7o) 488 HolEE 5% A7 oliEe) B A5 volEelth, T2 44 B4R A gl it ke
AF A P A 5 o, 0@ ol 2 AASE SA BTk 8T 54 YANE NEow AuE
BIo] Qo] QUE Fol] 9 Pk FF AP ToE W BA A} FE oAb BANE Fold Jeld Aow
RS
4. 4E

<

ARQFEHIENE ol g3te] A7 ARHR 27] AoE £EHh Pre] F8 B4o]
FE #2059 B4 ARE WABTHE A6 71259, Pa, Py, PAst PGV £ MVZIES] o] tla A3 A7
H4g Ui FARE Bl 7H8A IR E BUSIGT 1 A%, ATl ANG
£ FANAS A2 AR A5l 2 E Yo

=
A A S neiFgen, o
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1 A3 EgAR 33 7hed Puprt 8] skl Suke) ]S WA ¢be PTWE 227F W 9] A X A eshs dest
Aot 29 Pt EAAES EUE 9 gol¢, AelxYol 59 AZtolHE £t T3 Pi} & Mxlsﬂr PGV #A
2 2 Azl L3 A7 PGVA FE2HA} 0.526cm/s ~ 0.782cm/sol] 0|25 =& Aot o] Ans F AA
Patel EA we} ta zpolE Hola AR I E Eo)7] g HF =& uZlE AoE A% O‘ﬁlxli 4 PGV
T JEE AYstal 1 7]z wel PGVE d5she Weke 27432 s SES AR odH
A 740 $He e AR X7 ARE AGARAA A 7)6keta ok B 2271 A|¢ksle] 4AEd AR AAAH R =
& 5 Y T UeTt oY, AR FeApt dite 1Y AV E VIR
& 2= Q)= o] HS JHATh AR R Y3 A7} 2o 9A R §
o7 F3t B4 BTG FE =
?_]

mr>J f
Olt

o
P o
QL
rlr
2

HolEl & o] &§atAA T ko2 WAt AX HPS A&HH o =y ARHEE
A A4S Bosta, @R WE wo|2E AAS = A74HE tatd A AFAERE Bl AT IEH AN E
Zolzd A 719 Ao gt

zZAe| 2

B ATE d=7133971Ed 713AR See- A7 E7HEAG O] AR A4 (KMI2018-02210) 0l ©f 3l 3=l om =]
ZAER YT
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