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SUMMARY

This document describes technologies which form the base for the UrbanFlood online
hosting platform. These technologies are virtualization and cloud computing. Rapid progress
of those kinds of technologies made the development of EWS hosting platform possible.
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IJkdijk Foundation, dike testing site in Groningen, the Netherlands
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Monitoring and Evaluation

Science museum in Amsterdam, the Netherlands
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Small and Medium sized Enterprise
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1 Introduction

1.1 UrbanFlood

UrbanFlood is a project investigating the use of sensors within flood embankments to
support an online early warning system, real time emergency management and routine
asset management. It is a project under the EU 7th framework Programme which started in
December 2009 and will run for 3 years. Partners of UrbanFlood are TNO Information and
Communication Technology, the University of Amsterdam and STOWA (Dutch acronym for
the Foundation for Applied Water Research) from the Netherlands; HR Wallingford in the
UK, ACC Cyfronet AGH in Poland and OO0 Siemens in Russia

1.2 Introduction

Figure 1 describes the context and goals of UrbanFlood. At the end of the first year, in this
report, we summarize the state of major technological innovations of UrbanFlood and how
they relate.

UrbanFlood: ICT to mitigate the effects of climate change in urban environments

Extreme weather conditions, caused by the climate
change, may affect the em t of urban

In many of these

Experiments with dikes (picture kfr, 0 00)
and long time monitoring of dikes (picture above,

7.} enable Urbanflood to deal with
generation 1 and 2 types of sensor megsurements.
Generation 1 sensors typically yield information that
experts can directly plug in their models and calculate
the probability of breaching: water height in seas and

UrbanFlood applies its EWS technology to the case of

flooding due to the breaching of dikes. From a technical " ” 5
Dikes in the United Kingdom, US Netherionds ond

point of view this 5 o most demanding case. The
UrbanFlood is abie to monitor thousands kilometers of
dikes with potentiglly thousands of EWSs. Dikes
monitored con be as small as a hundred meters
(typically used for tests) or as large as a few hundreds
of kilometers (e.g. part of the dike along the Rhine
river). The UrbanFlood EWS technology monitors dikes
through the internet, hence dikes can be anywhere in
Europe —or even in another continent.

World wide mon

Russia will be monitored by the UrbanFiood technology.
Artificial  intelligence and system  igentification
technologies discover onomalous dike conditions. Once o
potentia! weok spot is discovered, models for dike
stability, the breaching process itself as well as flooding
simulations - determine the associated risks. Dedsion
makers decide "what if” Esues using multi touch tables
that spawn 4d dike stability calculations and flooding
simulations on clouds.

toring of 10000’s km of dikes

channels, water pressure and humidity in a dike.
Generation 2 sensors escel in detecting directly the
onset of breaching, e.g. fiber optic accelerometers.
However, events like tides and possing ships couse
temporal movements o dikes. UrbanFlood exploits
these events to infer if the dike reacts & expected —on
basis of past observations, Al and system theory as
well as 40 calculations of dike movement.

Figure 1 A summary of the (goals of) the UrbanFlood project.

Although UrbanFlood test the technologies in the context of flood prevention in Urban
area’s, its technology is much more general and can be applied in many other contexts that
are equally complex. Complexity is characterized, amongst others by, a large number of data

Monitoring, rich browsers and cloud service technologies for an online EWS hosting platform UFD6.4v2.0.SIE
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sources (e.g. sensors), internet data, data and collaboration software computational models
from many organisations and a dynamic physical environment. Hence, whether its data from
the environment, from a man-made infrastructure like a dike, road or off-shore windmill
farm, the UrbanFlood technology can be applied as a basis for a distributed, internet based
information technology for monitoring, visualisation, decision making and control.

Monitoring, rich browsers and cloud service technologies for an online EWS hosting platform UFD6.4v2.0.SIE
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2 State of UrbanFlood technology

UrbanFlood innovates in the following area’s: monitoring of sensor data, visualisation of
information, distributed computing and — when everything is put together — that of large
scale distributed observation systems (that are able to mitigate the effects of climate
change). These innovations mean, in the context of the application context of UrbanFlood —
flooding - that UrbanFlood delivers a monitoring technology that is able to monitor tens to
hundred thousands of kilometres of dikes, forecasting failures, increasing safety and
minimizing the costs of strengthening dikes (which are in the order of 500€ - 1000€ per
meter).

The Urbanflood technology is summarized in Figure 2:

UrbanFlood: automatically create early warning systems that watch internet data streams

Internetatached clouds Data centres, sarly waming The early warning Systems @nmonitor The system isapplied indkemonioring  End user interaction viamulti The UrbanFlood
supply datscenter capacity on  systems andpartsare miany types of sensors residing in rosds, and flooding. The system istrained o touch tables andtheweb. technology ko
demand. Sensorsareresdout  sutomaricallycrested and homes, windmill famns, environment, ‘handle generation 2dikesensorsand Common information spacesto. monitarsizsown ICT
via the Inemer —whersver (refconnzcted to information machines... Specficsaftware isezsily containssoftware that models dike exchangeinformationwithather  infrastructure.
theyare flows, incorporated behsvior. computers,

Common Information S[:;aces, 4D visualisation, decision support, automatic capacity scaﬁng

Artificial Intelligence amn

Internet H) _¥(s) Lty /“ system identification
—= X5 Lixe technolagy to detect

wegk spots in dikes

Dike with
sensors

. Application: world wide mo;mormg— of dikes that prot—e_ct—uﬁ:)a areas

TNO (The Netherlands) > R

Cyfronet (Poland) E ~ Programme, Theme ICT-2009.6.43: ICT for < s = Eamsgolzan3

HR Wallingford {United Kingdom) Environmental Sarvicesand Climae Change = r 2 * * PO Box 1416

000 Siemens (Russia) Adaption. Grant agreementno. 248767 - ; = e 9701 BK Groningan
STOWA (The Netherlands) UrbanFloodrunsfrom December, 2009 until T ) L The Netherlands
University of Amsterdam|(The Netherlands) November 30,2012 ~ PROGRAM info@urbariiood e

Figure 2 Summary of the UrbanFlood project, emphasizing areas of innovations and the application in the
domain of flood prevention control.

In December 2010 most of the technologies where built, integrated and shown to the public
in the workshop UrbanFlood has organized (November 2010). The following table
summarizes the technological progress in certain domains and the major developments that

are going on.

Monitoring Monitoring of sensor data Al that detects alarming
from dikes, transmission via  physical conditions on basis

Monitoring, rich browsers and cloud service technologies for an online EWS hosting platform UFD6.4v2.0.SIE
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Rich browsers (dedicated
on-line visualization
technologies)

Cloud service technologies
(management of distributed
computational resources via
the internet)

Online EWS hosting
platform

the internet, storage and
sensor failure detection

Visualisation of sensor,
inundation and
environmental data and
EWS properties on
multitouch tables and web

pages.

Instantiation and operation
of multiple EWS’s on a
collection of virtualisation
servers in several data
centres. User interface for
adaption of physical
resources and workflow
management. Performance
and robustness monitoring
of EWSs, EWS components
and virtualisation servers.

Anomaly detection. User
interface for resource and
application configuration
and workflow management.
Visualisation of dike
conditions and generation of
decision support
information. 3D (time
dependent behaviour of two
dimensional slices of
stressed dikes) simulations.

30 Nov. 2010

of sensor data

Interactive, automated
generation of breaching,
inundation simulations.
Inspection, manipulation
and comparison of sensor
and environmental data
(meteo, ships, buildings...).

Creation of visualisation
technology suitable for
public places

Automated EWS generation
and automated resource
adaptation

Automated workflow
management. 4D (three
dimensional, time
dependent) computation of
sensor data on basis of
simulations of (stressed)
dikes. Anomaly detection on
basis of linear response
technology/neural networks.

As UrbanFlood develops its technology in iterations, minor improvements on all parts of the

technologies are also undertaken. In conclusion, in the first year of UrbanFlood the basic

realisation of all innovations and developments have been realized.

Monitoring, rich browsers and cloud service technologies for an online EWS hosting platform
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