w

F |

|thout
I|m|ts

a|pe| aiwan

\ Qm/%




Introduction of earthquake wave

L

- P Wave (primary wave) : 6 ~ 7 km/s
- S Wave (shear wave or secondary wave) : 3 ~ 4 km/s



1 Two Types of EEWS
- Regional EEWS
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Two Types of EEWS AR EERE

- On-site EEWS
1 o

e o 14. ¥
= W

On-site EEWS detect
P wave, then predict
the seismic 1ntensity.

BB B

If predicted 1intensity P-wave : 6~7kn}
higher than threshold, S-wave : 3~4km/s

raise alarm.
* Epicener

S
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311 Earthquake in Japan 921 Earthquake in Taiwan
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Epicenter was far from city Epicenter was close to city
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On-site EEW |
Support Vector Regression(SVR)

Prediction Accuracy Rate(PAR):99.22%

2013 Ting-Yu Hsu et al. Six P-wave (CWB Validation)
features
Earthquake Data Train )
(CWB Database) rainng Regression Model
Real PGA
Features N
On-line Result
- Pa - CAV { (Nan-An Junior High School) J
— Pv = 1IV2 ~ i
— Pd - TauC - ﬁ
2 < [T Y
CAV: [ Ut 2, Rt
g g 4 °
g %%;&% 9 H
1V2: [0’ Opt ASN.
TauC: % | [r=Furoa/[uros) | TARD.TE

Real PGA (gal)




Integration Test of On-site Earthquake
Early Warning System

ChiChi Earthquake
*Time : 88/9/21 1:47
W *Depth : 8 km
g °Magnitude : 7.3

__Photo of the press conference of the integration test
> on the shaking table on 2,22,2011
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On-site Sensor

'. NCREE
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@ CWB

Regional EEWS
Message

EEWS Demonstration Station :

Regional + On-site EEWS

N, E-mail
SMS Message




Typical System Arrangement of On-site EEWS for School
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Installation of Shallow down hole Sensor

PCANDANCAW) PCSA
. N e =S
Kinemetrics EpiSensor ES-T <@ ji_@é(
Dynamic range: 155 dB+ ! CEQE
Bandwidth: DC to 200Hz SAED r{l—“ &5
Full-scale range: ‘&QD%CTC HEl 5§
User selectable at £ 0.2bg, + 0.bg, + 1g, + 2g or =+ U (
Outputs: TS | e
User selectable at:+ 2.5V single-ended+ 10V single-e
+ 5V differential + 20V differential &

Y

5




Installation of Backup Sensor onsiucture

AS-305C1W5 Sensor

Dynamic range: 155 dB+

Bandwidth: DC to 250Hz

Full-scale range: User selectable at + 2000gal
Scale Factor: bmv/gal




' Problem in Regl _\Norld
How to mitigate the false alarm

’ = Error trigger of truck Error triéer of truck
=)
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<
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@ b - Earthquake trigger Earthquake trigger
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Application of Backup Sensor

Error trigger
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-10On-site EEWS detects the earthquake P-wave,
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Nan'an junior high school

Measured PGA Comparative Diagra

2014.07.01~2015.06.30
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Education and Drill for Schools

— Education of Seismic Disaster
Reduction

— Seismic Disaster Prevention Drill




In School — when earthquake is coming...
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,0:01 Video: | | _
‘::1 Earthquake Disaster Prevention Drill




Success EEW case - 2013/3/27 &R /)

- Epicenter distance : ~60km
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Validation in field

On-site EEWS developed by NCREE
NAR! abs BRERHIRR

" National Applled Research Lat o]




CWB Earthquake Report
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EEWS Station Response of
Nan'an junior high school Naxtan jusior

high school
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EEWS Station Response of Earthquake
N0.104022

EEWS station response of 104022 earthquake.png
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EEWS Station Response of Earthquake
N0.104022

EEWS station response of 104022 earthquake.png
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EEWS Station Response of Earthquake
N0.104022

EEWS Station Warning |Predicted| Measured |Predicted| Measured Remark
Name Time(sec) |Intensity|Intensity| PGA PGA
3 3

SRR/ 23. 96 16. 43 9.20  SVM ver?
R 24. 05 4 3 27.78  10.08 Tc

Tk 27.19 2 2 3.18 5.09 SV verl
3N 5. 16 4 2 27. 26 4. AT Te
BB 26. 26 4 2 30. 63 6. 66 Te
=0 18.15 5 4 157.87  42.21 Te

< R e E 17. 70 4 4 31.57  39.67  SVM verl
‘ SEAEER/N 15. 82 3 2 19. 35 6. 32 Te
L? : EHE T 18. 71 4 2 54. 91 7.78 Te

4

SEMIC

Taiwan 20|15



EEWS Station Accurate Rate on Last Year

Station Name Date Accurate Rate Number of Times(Per Month) Method
Trigger Event
| TC

2014.07.01

N 61. 17%
=N EUN 99871517 126. 4
2015. 06. 30
2015.01. 18 0
BTN | o 1.8 e
2015. 06. 30
2014. 07. 01 0
R 225 | S 157, 4 SVM verl
2015. 06. 30
2014. 07. 01
FEAR /)N | 18488° /110(;/% 20. 8 Te
2015. 06. 30
2014. 07. 01 91 os
) EHEEAF | : 68. 6 TC
? (S 2015.06.30  °1/8%3
) 2014.07. 01 .
FAEI] | 138/175 19 e
"D 2015. 06. 30
2015. 01. 10 0
# BT /)N | 29379 /9254/21 43. 3 SWM verl
10 2015. 06. 30
0 2015, 01. 23 o a
BH] AR | 100/939 40. 2 SV ver?
WS 2015. 06. 30
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On-Site EEWS for High-Tech Plant

Backup
g Sensor

EEW Hardware
In the Rack

gg:;lﬁgle  EEW Hardware Equipped

Sensor 1n the Cabinet

 Down Hole Sensor +
Shallow Down Hole
Sensor + Backup Sensor:
Reduce False Alarm

 Annually EEW Report

Down Hole  (Customized EEW
Sensor




Real Performance in EQ. 104011

UD Accl. (gal)

Event Announce PGA Reach
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* Announce Time: 04:06:55

 Warning Time:

26.6 sec

* Epicenter Distance: =130 km
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New Approach of On-site EEWS

More Customized
Online Status New Solution Future Work
Predic‘ted and Real PGA Comparative Dilaglam o Off-Li mla Prediction Analysis with Whole !Jatasei s (I)I'f-Line Analysis of New Algonthr?
Vil Vil Vil
Vi \ \
v v v
~ v ~ v ~ v
: New & New &
1l . . 0 1l .0 1l

S Predictione; i Detecticne;

Pyt F4% 2 § 1 0

i FEN Method . s ’“* Method | :

.*f** * ol i mﬂulﬂiw ol '”&*
0 0 0
Real F:gA (gal) " ! v ! Real F:gA (gal) " ! v ! Real F:gA (gal)
* Accuracy Rate:  81.8% *  Accuracy Rate becomes *  Accuracy Rate keeps 100%
100%

* The non-earthquake events
are highly eliminated.




Application of EEWS
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At HOMe — when earthquake is coming...

Electric bulletin board =
will show the evacuate 1
1con '

The door will open automatically.

5 YA

o
|

{ S

3 & 1 Elevator will stop at
- { the closest floor and
4 open the door.

5'#:;‘17 ' Emergency exit light wi
i open to give direction.

The LED light will provide spot
light to the safety zone for
shelter.

Gas will be closed
automatically.



In Plant — when earthquake is coming...

Think

15s, there’ s
lots of thing we
can do to save
money.

EEW broadcast, waning light, LED Display, SMS
message will help people to take shelter. Also, the
digital signal will be sent to EOC or the automatic
production control system to proceed the emergency

< < operation pro r ‘:’ Others Devices
o)) Speaker | T SHS ¢/ (Dry Contact, RS485,
=Y ) etc. )
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wsy Integrated Earthquake Early

l.g'l Warning System for Science Park

%‘..g: NCREE On-site EEWS at Hsinchu
"ICREE Regional EEW

i
| NCREE On-site EEWS at Taichung

I
7/

Warning time / Epicenter distance

~15s / ~60km
~20s / ~100km

NCREE On-site EEWS at Tainan
Global Seismograph Network
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Structural Health Monitoring System

1" mode in transverse direction 1" mode in longitudinal direction 1** mode in torsion
Freq. =1.39 Hz Freq. =1.66 Hz Freq. =1.74 Hz
Damp. = 1.29 % Damp. = 1.09 % Damp. =0.99 %
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5

Traditional SSHMS
Centralized sampling Decentralized sampling
Wired, analog Multiple communications

w/0 embedded calculation Online SHM calculation

LLLLLLLLL



Structural Health Monitoring System
Office Building of Central Taiwan Science Park
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5"6 Automation

DP Program
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The Total Solution of
Seismic Disaster Prevention
will get ready soon





