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ABSTRACT

In this paper, the P-wave multiple detection system for the fast and accurate earthquake early warning nearby the epicenter
was developed. The developed systems were installed in five selected public buildings for the validation. During the
monitoring, a magnitude 2.3 earthquake occurred in Pohang on 26 September 2019. P—wave initial detection algorithms
were operated in three out of four systems installed in Pohang area and recorded as seismic events. At the nearest station,
5.5km from the epicenter, P—wave signal was detected 1.2 seconds after the earthquake, and S—wave was reached 1.02
seconds after the P-wave reached, providing some alarm time. The maximum accelerations recorded in three different stations
were 6.28 gal, 6.1 gal, and 5.3 gal, respectively. The alarm algorithm did not work, due to the high threshold of the maximum
ground acceleration (25.1 gal) to operate it. If continuous monitoring and analysis are to be carried out in the future, the
developed system could use a highly effective earthquake warning system suitable for the domestic situation.

ol e JeA] FHoA MED A 2K 27] ARE S8 5t A2 po} the ©@A] AAR o]F FHEsh]
= Ak 3-8 < 7Hﬁ£5ﬂﬂ°d 471208 AEFES AAsto] s AS
2 % A& FsIeleh. e EUHE 5 20199 9€ 26 xF
oA TR 232 A zlo] MASIek 23R ol AX¥ F 47148 AAF F 37&0A PIF 2F ©A] daE|Eol
wo] AzlE 01‘%1_15; ZIEFHT AGARTE 55kmE 7P 7R ASAE AR B § 122§ Py 250]
Q%QU{ Po} = § oF 1.02% § SJJr b gsto] thal] ARARES AlwsiTdeh. pul7F &219 3308 Al 7
6.28gal, 6.1gal, 5.3gal2 7| 5= 0, o|HE 1 WS 9t ol AHt 7529 AAIGh25.1gal) S kA oo}
gdare|Fol AsatA] gtk 5 A|HA1 .MEW “A HAE Fal F7F 5ol ol FoXivkd Sl Aol sh=
d B AR AH AagoR %%— 2 5 & Aoz s

Keywords : Earthquake, Early warning, P-wave, Auto picking algorithm, MEMS sensor

Received 12 Nov. 2019, Revised 25 Nov. 2019, Accepted 26 Nov. 2019
*Corresponding author

Tel: +82-31-910-0371; Fax: +82-31-910-0561

E-mail address: kimys@kictre.kr (Y. Kim)

™
rio
pa]
ro
rd
pal
[l
Il
N
oM
H
i
Ho
ro
rx
12
)
=]

CHS BRI AIA" e 107



mE

20164 9¢¥ ﬁzoﬂﬁ T
o] LAY ofo] 20173 114do= £
=3l 24 7= 4.69] o7
H““Oﬂ et &eto] A2 E3F
AlZFstE 1999 o] = 20187}k
A 715 gt 2-001*0*—4 A2 At 703 FAIRE, ]
= 39201613 ~2018)7ke] 7152 A+t oF 19730
ol2u A ¥ HE7} 2.8u7FF F43] SISk
ol thE & ANBFoR ko] Kot 1k stE
AR dl-eitol 8=
Ao dl-g5l7] ffalf AJxlo] A oy oA o= F=
of gt WAEA] o] d5ske AL A &7kl
- WREA| ZHA| 5o
Frofet A xlut Aol Ao mEEhy] Ao dRkAY
I @A ReA vlE] &g iy &2
A A s 7= 5*“‘01‘:}.
g +°1W e ”}Oﬂ gt wsiE = AR
Aofghe AR QIAE &= Jlohd wshE FA ATA
27] 7| Higt A= 2

T 5.49) A3lo] WAy
o] ofoix|m 7
ol A oA

7P Qelut

oju] "R A&

e = e Al

4 4r b«

7] diZe] A7l
YL QU
74 B (Earthquake Early Warning, EEW)2] 7}j
g2 1868 San Francisco Bay 22| Hayward T
A F=] Ak, Cooper(1868)= 2|71
1 #Alo]E(Telegraph cables)=
£ & %*ﬂ% L
Aol THER £5
A oA mr} WA
14 7] AR 7|2 HdS

A x| Rlo] vFY3L o] 3

A&7 7\] shH A

HHilﬂO% Aut AF2 et
Ao @ AehE A
7HHP6}ttU\1 A Al 57] AR A A" FAsE] 7|
S| Aol| A BBl EH:rF

23w dahe] A

A)ZFsaitt. Nakamura(1984)+=
48 2] ot & 4 QLES sjoke wat 4
& Y EYIE FA5HH s F8 E4 OM

Ao WSl

TR MHIAIES =S

A|Z | A SAS(Seismic Alert System)2}= 0|50 2 ]
= AZENL, ek et X3k AlS 7| 2R E HA|
A& gFsle o2 722]5ke] 602 o] A KAl
3E AN&AOFZ AFslal thEspinosa-Aranda et al.,

1995).

Mo g

RS TS FE A0 AT 5L o] o
o] AP AR glo] %t Ak A5E AL Aoz X
A AR 8 4= gl 2 9oiBlind zone)o] B

u o] ole

= 3
= gte SEA9 2AE 7HIAL Qo
IS S

H23517] SIe POLow Pt ARE ol gslel B A
ojo] A AR dZ5ka Aushe walo] Ake gick
(Nakamura, 1988). 7}3t A4l 2122 Qutzl o 2 Su} &
% 48 G 3 ol Pastem P olgslel 4
st A1 A7 583 EAHi(Blind zone)o] WHE-S
o] Ao m JPA] QoA thao] AR ATk
Zleet 4 QA e,

S| A FE Aol A AR T A Flo] WO
2 Aulx]e A ohak Zrte] A4 vy ofAlTE o=,
Hisel elelel AN Aol Wistel £ £4 A
2 A3 e B F 22 Yol Fa =42 o)
= Fe Bdvh 53] FF A del= dd S
2 58 =7F 7R Alde] WAjEof 7] wiel] Al
ollA e w2l kel 7] FE AlAglo] Tagh 4
ol 71 Wals Agsto] thare] A3l SR A

m“_\ﬂm

2 AFoE, 32 Sfa AN AT AFHA 28 7}
3490] ik AR A AF 3 2F A7 A A

R
o,
=
3
©
=
rr
™
il
2 on, A
HT
SO
hi:d
N
)
w2
X
N
e
2

vkl Tl 95 = st ad A7 s
2 2HT 4 YA, HAT AULS F 4 Qo] 7018
7120lof Btk weba] S AR AP ), e

e

.
rf
=
2,
r{r
o ll
(i
‘I JlN'
é
X
i
g
ﬂ.l
L
it}
msi'
5‘8




o} 20199¢ 949 26 =
A ARE njgro g

2} (Start — Device
Conﬁguratlon — Connect to device? — Y — Measurement
Configuration — Measurement Start — Configuration
Measurement?)sHH A A]7F Y ¥ (Operating)2
shek, AR 2 Yol qEjof 2215 0]
SPASTh b o[WlE 2] 7)(Event trigger? — )
7} 2 to] ofHIE dlole = AEh A4 ofHE o]
olEl AR Thy AR 5918 AR 9o e
ek 2, A BUHE F 1) A0 25 94, 2) 4

a5 T

A2}

- = 1=
= 27 24

ol A%
B
1

1

o
78‘

of
(o]

1

d

[m

F_

o} e ol

AFo A= STA/LTA(Short Term
Average/Long Term Average) @118|&0 2 A5 17)&
TEslo] oHIE A5 gt 255 1531, o5 Amplitude
EgA 9 27|H R EeA daiElE 7Hol A8 =M
AR oIE L] AR oliE AelE 4 oA shelck
Auto Picking &112]Z(STA/LTA)S E3t |4 41359
A A= AAR= Ao A 7 Fagt @A 7R
sffolch. AT A% S 50}04 e A
7155 gl 4 glem,
edoe A

74] ?'&D}. 7|

o} sk BB olgel YHES
Mp R ASRE S glolE
ok oY olfE A
o] STA/LTA HHHL e

=

CEERERNEREL

A A 27]

314t} STA/LTA
] Z5f| Hjstod

H AT AAS 93t AlE dlolg] A3 Axich TH(Short-term average)™} %7| H4H(Long-term average)
o|F Al S olgsto] A2l AZE Aste Aol
21 X xF X du9F STAE 4129 &7k A5 SAste] A1 TS A5
/) $iel A LTAL 2449 Aol o<
ol AFol dieh At St ARAE= L 2O 2o g27) 9jse] AFRHL. STALTAL them 2o
T SRR QI FY 2orel WETE obd B me o)gste] AAlEL
o= 3st7] ofFoh SHAIRE XX AP AR A|AEE
Measurement
Configuration
Device —
Configuration \\eaE)Ltuae;_rtnent
v
Connect to Y Configure
device ? Measurement?
I ] Data Save/Sender
Event Data
Save/Alart
Fig. 1. Flow of p-wave earthquake early warning algorithm
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Fig. 2. Initial detection of seismic wave based on STA/LTA
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Table 1, Descriptions of the phenomenons occurred by different earthquake magnitudes
Magnitude Descrintion Max, acceleration Max_ acceleration
9 P (%g=9.81cm/sec?) (gal=1cm/sec?)
I People can't feel the earthquake, but it is recorded on seismographs, %g<0.07 0=gal<0.68
Il It is only felt by a few people, especially, on the higher floors of buildings, 0.07=%g<0.23 0.68=gal<2.25
" It |§ rjot\ceable indoors, especially for peoplg vvho are on the upper floors of 0.23<%g<076 2 25<gal <7.45
buildings, But many people do not recognize it as an earthquake,
[\ Many people standing indoors can feel it during the day, but rarely outside, 0.76<%g<2.56 7.45<gal <2511
v Almost everyone feels ah earthquake, Bowls, windows, etc, may break, and 2 56<%g<6.86 25, 11<gal <67 29
in some places plaster is cracked.
Vi All people feels an earthquake, Heavy furniture may move, Lime on the walls 6.86<%g<1473 67 29<gal <144.50
may fall, and some smokestacks may be damaged.
Vi Damage is negligible mAvveII—.dvleygned and well—built buildings, but some 1473<%g <3166 144,50 <gal <310.58
damage usually occurs in buildings,
Vil Specially de&gngd structures have spme dgmage, and in ordinary buildings 31.66<%g <6801 310.58<gal <667 17
they cause considerable damage with partial collapse,
Significant damage to specially designed structures, The framework of a well
IX designed structure is tilted, Inflicts great damage on structures with partial 68,01=<%g<146.14 667.17<gal <1433.63
collapse,
Well—built wooden structures may break, and most stone buildings and
X structures collapse with the foundation, The ground surface is severely 146 14<%g <314 1433,63<gal <3080,34
cracked,
N Very few stone structures remain, Bridges collapse and severe cracks on the
ground occur, Underground water pipes are completely destroyed,
Fully damaged, The earthquake wave on the ground surface can be seen 314<%g 3080.34=gal
Xil with human eyes, The field of view and the plane are distorted, The object
pops out into the air,

Table 2. Plan of the earthquake early alarms embedded in the developed system

Level Max, acceleration LED colors Emergency warning
(Magnitude) (gal) broadcast level
(\1/) 2511 < gal <6729 Green Step 1
(\i) 6729 < gal <14450 Yellow Step 2
3 <
v 14450 < gal Red Step 3
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(a) Schematics diagram

(b) ICU (Integration Control Unit)

Fig. 3. Earthquake early warning system
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Table 3. Information of the earthquake used in this study

Date 2019, SEP. 26, 02:57:31
Magnitude 23 (£ 02
Location 6 km northwest of Buk—gu, Pohang—si, Gyeongbuk
(Latitude: 36,09° N, Longitude 129.3° E, £ 0.8 km)
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