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Outline

= Fast trip through the
nature of earthquakes
seismological analysis

= Prototyping and administrating infrastructure for EEWS
modeling languages SDL, UML, ASN.1

tool chain
as an adoption and extension of PragmaDev DS

geographical context relation

= First use cases of SOSEWIN: EEWS prototype Istanbul
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= Conclusions




Danger for Mega-City Istanbul

Task 4.4
Sebastian Heglmeier, Bjérn Lichtblau,
Jens Nachtigal, Jens-Peter Redlich,
Kevin Fleming, Claus Milkereit,
Matteo Picozzi, Ingo Veit, . Germany
Klaus Ahrens, Ingmar Eveslage,
Joachim Fischer, Frank Kiihnlenz

e France

« Greece
o Island
DDDDDD . Italy

« Norway
e« Romania

« Switzerland

« Turkey

~ « >14 Mio. inhabitants,
yearly addition of 250.000
* many buildings
el § M ; were smutty and illegal established
earthquake risk map * 50% of Turkish economic output
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Current Seismometer Networks

(.. & h
isolated W, <
= high-cost sensitive seismometers & . o —
(5.000 — 20.000 € / node) & g & [

\» faraway of living areas

-

wired connected
= high-cost sensitive seismometers
= far away of living areas

-

wire-less connected

= centralized management

= high-cost sensitive seismometers
= directed antennas

|
L. @ - I o
= far away of living areas < - | & WLAN

\ @ Access-Point/
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Various Goals of Seismometer Networks

arrival time arrival time

/ event time \seismometer in a living area evaluation time

o

hypocentre

magnitude 6_)/ . - f\
\ ~ energy / precise computation o

local intensity . event time
~ rest energy

time

« magnitude
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Various Goals of Seismometer Networks

P-wave arrival time

/ event time \

Rt

arrival time
in a living area time

evaluation time
1
1
1
1
1
1
1

hypocentre E E
I ! .
;‘X—.i Early. Warnmg
! ! prediction of
! | max. local intensity
4 surface wave
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Various Goals of Seismometer Networks

P-wave arrival time
shake map

S-wave prediction generation time

S-wave arrival time

time

hypocentre

GFZ ShakeMap : Tests for ShakeMap
‘Wed Apr 2, 2008 02:00:00 AM MDST M 7.3 N40.70 E29.99 Depth: 17.0km 1D:080:4021

intensity
~ local energy
of many positions

141.5°
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Rapid Response
\ online shake maps

Map Varsion 1 Processed Thu Apr 3, 2008 02:20:17 PM MOST, -- NOT REVIEWED BY HUMAN

PERCENVED | not feit] Weak | Lignt |Moderate| Strong |Very strong|  Severe Viglent | Extreme

FoAmAne- | none | none | none | veryignt | Ligh Heavy |Very Heavy)
PEAKACC.%) | <17 |.1741.4| 1.4-3.0 | 3.9.6.2 | 9.2-18 | 18-34 34-85 65124 | >124
PEAKWVEL{cmisi| <01 | 01-1.1[ 1.1-3.4 | 3.4-81 | 87-16 16-31 31-60 60-116 =116

INSTRUMENTAL | | | I | IV v Vi Vil




Our Approach: Paradigm of Self-Organisation

network characteristics

- low-cost seismometer (300 € / node) « high density
. wire-less Q
. meshed, multi-hop « directly in living areas !l!

- decentralized management

. ad-hoc
. time-tolerant

=

=
—

— -

Early Warning

- D
| - > g(?))
adaptive application restricted mobility

adaptive routing

Rapid Response
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System Integration

... with existing infrastructures

@ Split TCP

s
==©
GSM/WMAX
A
- = ,53“; Ty
- 7 L Internet 5

o —— __,.:l- -
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SOSEWIN - Software Architecture

Sensor -Data Provider SeedLink Alarming File Transfer Application

(SDP) Server (SLS) Protocol Protocol (ftp) Layer

(AP)
Seis- GPS- TCP / UDP
mometer Receiver

Driver Driver Communi-

Optimized Link State Routing (OLSR) cation

Layer

, Medium Access Control (MACQ)
Linux

Wireless Local Area Network (WLAN)
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Alarm Protocol Principle bﬁ< |

three-level alarming procedure & %
for avoiding fault alarms Py

(1)

(2)

Single node alarm
(P-wave recognition, S-wave prediction) @

—> only the corresponding group leader node is informed immediately

Group alarm

(a critical number of group members are in
Signal-Node Alarm Status)

—> (all) other group leaders are informed immediately
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System alarm
(a critical number of group leader nodes are in Group Alarm Status)
- all gateway nodes are informed immediately




1.

2.

3.

Model-based EEWS Prototyping
& Administrating Infrastructure

... should support

model development of

°.
=
5
cC
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wn
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g
c
. software components for s
- seismic signal-analyzing network 4
. . . (0]
- protocol software offering cooperative alarming and model 2
- other domain-specific distributed services S
- GIS-based earthquake input data streams (synthesizer, time series) a
]
E
generation of simulators to test network models s
_|
" GIS-based network configuration c
: : 4
. observation and evaluation of the network step-wise 2
under different artificial earthquake scenarios im prgvem ent %
of the EEWS [
3
generation and usage of target code from improved network models b
. GIS-based system installation <
(8)¢]
. monitoring, evaluation and administrating of the network &
under different artificial and real earthquake scenarios
. maintenance
real

network




Model-based EEWS Prototyping

& Administrating Infrastructure

Experimant
K anagerment
Systarm using 313

Signal Analyzing
Alarming Pratocel
Management

[ sOL-RT
ODENx
W5-2

[ lime sare:s daia
= Fistaraal
- gynihetic

[ 25M 1
Boost:Asia
Boost: Thread

-

OpenGl S Web Service

Topalogy Exparimernt
Edilor Evalugtor

GFZ ShakeMap - Tests for Shakehap

Exparmant Visualizer
R&poston

Experiment Executor

W Apr 3, 2008 03:00 00 MM MDET MT3 M40 THENGE Dapes 17 [

Model

Rapositary Configurator

e

Bimulatcs Coampller
Libraries .
i '
Earthiauaks Simulator
Repasitary

i e —_

i BEET

SOSEWIM Deploymert

Libraras Targat Code Taal
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SOSEWIN Nodes and Alarm Protocol Entities

sensing nodes
routing nodes
leading nodes
temporary nodes

gateway nodes

external nodes

Sensing
Node

\

manage-
ment
entity

input stream of
accelerometric raw data

sensing
entity

signal
analysing
entity

leading
entity

manage-
transport
LIS entity
entity

SOSEWIN Application Layer

idl
leading
entity

Sensing
Node

\

manage-
ment
entity

S
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File

@& RTDS - Project "ews.rdp”

SDL-RT Development of Alarm Protocol Entities

Edit View Element Generate Windows Help
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SDL-RT Tool Chain: From Models to Code
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SDL-RT Tool Chain: From Models to Code

Graphical
Editor Debugger
l | Single Node |
SR basic patterns Simulator | _
SDL\ '
Sl UML X o Cit code +50anl er/ Network
C++ ompiler Inker Simulator
ASN.1 Logger
Linux
OpenWRT

Model RN -

Checker « asynchronous communicating state machines
by message exchange, timer

« plus aggregation of state machines (blocks)

« block structures as namespaces I g:::::z?
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« also non-shared memory
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« message coding TITE T

« dynamic block creation




SDL-RT Tool Chain: From Models to Code

Graphical
Editor Debugger
l l Single Node
SDARY basic patterns Simulator | _
SDL
-> UML\ »  C++ code : C'ompiIeL Network
C++ N Compiler Linker Simulator
ASN.1 Logger
Linux
OpenWRT

Model I _ - £
Checker « Class Diagrams for describing =
OO data types =

« Uses Case & Sequence Diagrams
for requirement specification
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SDL-RT Tool Chain: From Models to Code

(action description)
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SDL-RT Tool Chain: From Models to Code
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Different Experiment Set-Ups for Testing

(G
QGTD

Simulation

Set-Up 1:
Developers
Computer

Simulation

Set-Up 2:
Developer's Computer

()
VM7 @

Developer’s
Computer 1

$
VM2 @

Developer’s
Computer 2

VM4 @

Developer’s
Computer 3

Set-Up 3:
Set of Virtual Machines

Set-Up 4:
Real World
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First Use Case: SOSEWIN Prototype in Atakoy
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First Recognized Earthquake Event

GFZ Potsdam - Earthquake Bulletin
Region: Turkey

Time: 2008-07-10 07:50:00.6 UTC

Magnitude: 4.7 ]

Epicentre: 27.77°E 39.91°N
Depth: 20 km
Distance from Atakoi: 160 km

40°N
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Second Temporary Use Case:
Fatih-Sultan- Mehmet Brldge

4‘!

!F

total length 1.510 m

breadth 39,4 m
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hight 64 m

opening 1988




Summary, Conclusions

a first version
of a prototyping and administrating infrastructure
for self-organized EEWS and rapid response systems

SDL-RT with only few extensions is a powerful DSL for EEWS
specifications

SOSEWIN as a first use case in Istanbul

plan for automated deployment of
the alarming protocol at the SOSEWIN-network in Atakoi
generated from tested SDL-RT+ specifications

more tests for further improvements of
= the infrastructure
= of real-time and robustness characteristics of SOSEWIN
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establishment of a consortia for a commercial EEWS product
development




