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Acronyms and Abbreviations
AI

Artificial Intelligence

CIS

Common Information Space

EWS

Early Warning System

EA

Environment Agency

FlexAI

Flexible Artificial Intelligence (component)

GUI

Graphical User Interface

HRW

HR Wallingford, UK – UrbanFlood Partner

IJKDijk

IJKDijk Foundation, dike testing site in Groningen, The Netherlands.

JMS

Java Message Service

LiveDike

Test location for sensor technologies at Eemshaven, Groningen, The Netherlands

MTT

Multi-Touch Table

NC

Neural Clouds

PoF

Probability of Failure

UF

Urban Flood project

SIE

Siemens, Germany. OOO Siemens in Russia is an UrbanFlood project partner

STOWA

Dutch acronym for the Foundation for Applied Water Research, Utrecht, The
Netherlands – UrbanFlood Partner

TNO

TNO Dutch organisation for Applied Research, The Netherlands – UrbanFlood
lead partner

UF

Urban Flood project

UvA

University of Amsterdam, The Netherlands – WP4 leading team

WP

Work Package

WS

Web Service
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SUMMARY
The main task in Work Package (WP) 3 are to
•

Develop sensor networks suitable for detection of dike failures;

•

connect them to the Internet and to the online Early Warning System (EWS); and

•

monitor sensor data using Artificial Intelligence (AI) techniques.

This report looks at the experiences and lessons learned with online dike monitoring
systems, during the installation, maintenance and overall usability of the sensors; the
reactions from the members of the public at the visitor centres and reactions from the
professionals in asset management and flood warning and incident management in the Local
Authorities, Environment Agency, Utility companies in and around England and Wales.
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1 Introduction
This report presents the UrbanFlood experiences of online dike monitoring systems over
the last 3 years. To achieve the objectives of Task 3 and in particular Deliverable 3.3,
these objectives were:
•
•

Make a design of the sensor network
Get permissions of authorities to install and monitor the dike. Install, place,
maintain and improve the sensor networks
Provide a signal inspection and data monitoring systems
Help other organisations/companies to install their sensor technologies in the
dikes.

•
•

The overall work package is broken down into four tasks, some of which are discussed in
this report.

1.1 Task 3.1 Design the sensor networks
This task addressed, amongst others, the following issues
•
•
•
•
•

Selection (following EC guidelines) of sensor equipment and companies that
produce and install and maintain them
Assessment of risks of the dikes monitored with the RELIABLE tool of the FP6
FLOODsite project
Adaption of models of dike performance (failure initiation – RELIABLE,
breaching – HR BREACH to the inclusion of sensor data
Identifying locations for visitor centres
Choice of network technologies and internet connections

1.2 Task 3.2 Build and operate the sensor networks
This task resulted in the production of a minimum of three functioning sensor
networks by the end of the project. The work involved
•
•
•
•
•

Getting permissions for installation by dike owners, provided the design of
task 3.1
Planning and overseeing the actual installation of the sensors in dikes, inspect
regularly the dikes
Overseeing the installation of equipment that is needed for the observation of
human activities and the dike environment/weather
Organising the maintenance of the equipment and connections at the dike
site
Inviting other companies with novel equipment to place their sensors,
connect that to the UrbanFlood EWS and helping them in doing so.
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1.3 Task 3.3 Develop monitoring system
This task created the technical infrastructure for signal monitoring, with the aim of
detecting anomalies and alarming combination of sensor values. It involved
•
•
•

Connecting the TNO module as soon as possible allowing HR Wallingford to
the installed sensor network allowing inspection of the dike and
demonstration of UrbanFlood mission
Developing the AI, as part of an internet service chain
Connecting the AI with the common information space created in WP5

1.4 Task 3.4 Signal procession and interpretation
This task was to design the signal processing method that was able to inspect large
volumes of data and detect combinations of sensor data that point to critical
situations in dikes. It involved
•
•
•
•

Reporting on the signal procession and interpretation (e.g. identification of
signals caused by normal events as the passing of ships, identification of prebreaching conditions)
Evaluating if the system is able to detect alarming situations in dikes
Using the virtual dike, created by UvA in WP4, to provide a generator for
signals, allowing a theoretical study of the behaviour of the monitor
Extracting key performance parameters to display on the multi-touch tables in
WP4, giving enough quality and appeal for demonstrations at visitor centres.
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2 Usability and maintenance of the sensor networks
2.1

Useability of the sensors
The sensor selection is described in D3.1a, the report details why they were
selected and what they monitor. This chapter expands on D3.1a and discusses the
experiences in in using the sensors and lessons learned.

2.1.1 Boston, UK
The Boston site has two cross sections of the Alert Solutions GeoBeads installed at
the site. The GeoBeads measure pore pressure, tilt, temperature and strain, and
three cross sections of Measurand’s Shape Acceleration Arrays, which measure
deformation. In addition to these cross sections there is a horizontally laid fibre
optic cable installed along the length of the dike to monitor temperature and strain.
This was installed by TenCate.
The general experience of GeoBeads has been good. A continuous live feed of data
from the sensors to the UrbanFlood interface has been provided. The GeoBeads
have proven to be durable and require little maintenance. In total 14 GeoBeads
were installed to monitor temperature, displacement, pore pressure and humidity,
of all these sensors only two of the GeoBead sensors are showing erratic behaviour
and although communicating data, the data is not realistic or reliable. Table 2-1
provides a summary of the failed sensors at the Boston site, All the sensors on the
7th July 2012 fail to communicate the temperature values, this issue has yet to be
resolved.
Table 2-1 Overview of failed sensors at the Boston site

Sensor
ID

Failure
Date

Failure Mode

GS-AC-5 21/06/11 Pressure
sensor

Comment
Erratic behaviour, later going to zero value, short
circuit likely, this sensor is providing data and
functioning, however not realistic data.

GS-BX-3

27/08/12 Pressure
sensor

Jumping to unrealistic high value, still functioning
electronically. Data from this sensor is not reliable

All

10/07/12 Temperature

No temperature values communicated, central
network controller suspect, power cycle for hard
rest may alleviate the issue.
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At the Boston site the GeoBeads have performed well and met the requirements to
provide continuous data, be easy to install and maintain, durable and not
susceptible to vandalism.

2.1.2 Ringdijk
Ringdijk sensors have been operational since 30 June 2011 (installation) until 26 Sept
2012, when the battery power ran down. A new battery is scheduled to be replaced
in the week commencing 5th November, this is in line with what is to be expected
with the life of the battery. The Ringdijk has three cross sections instrumented with
GeoBeads, each of the cross sections has two sets of three underground sensors. As
well as monitoring the overall stability of the dike, the sensors are monitoring the
influenceof the trees on the dikes, especially during dry periods. Figure x2 then
compares these same Geobead recorded water levels with the water level measured
at Lobith (at the Dutch/German border) on the Rhine river, about 10-15 km
downstream.

2.1.3 There have been no sensor failures. Rhine dike
GeoBeads were installed focussing on the sand layer at the toe of the dike on the
waterside with the aim of measuring pore pressures and water flows. Two cross
sections of Geo-Beads were installed, one at the location of the seepage, and the
other at a reference location. GTC Kappelmeyer fibre optic cable was also installed
in a shallow trench in the sand layer along the landward toe of the dike with the aim
of detecting seepage flows by temperature measurements.
Of the GeoBeads installed only one sensor actually failed to operate during during
installation at Rhine dike, being GB-820-G2. The string of GB-820-G1 and G2 were
replaced in February 2012 and are functioning fine since then. There have been no
other sensor failures.
However, although the sensors are recording there is some doubt about the validity
if the results being obtained because of suspicions about the presence of air
affecting the pore pressure recordings. The suspicion of air arises because of
inconsistency in the recorded data. This is evident from an examination of graphs of
the water levels recorded by the Geobead sensor in the pond on the riverside of the
dike (Figure 2.1 and Figure 2.2). Figure 2.1 shows the relation of the Geobead
recorded waters with the equivalent time line of precipitation measured at a nearby
weather station. Figure 2.2 then compares these same Geobead recorded water
levels with the water level measured at Lobith (at the Dutch/German border) on the
Rhine river, about 10-15 km downstream.
Examining these graphs in more detail, Figure 2.2 shows a ‘reaction’ value of up to
about 450 mbar (corresponding to 4.5m of water) recorded In December. This
reaction started to occur when river level at Lobith rose to about 10.5m and
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eventually reached 14.5. The pond is quite far away from the main stream, and so at
low level it is cut off, so only reacting to the higher water levels could be a
reasonable behaviour.
By contrast in early June, a smaller but similar fast reaction occurred at a river level
of only 9.0-9.2m, whereas there was no reaction in April to a river level of 9.4m.
And at the end of June, no further rise, even a limited decline at a river level of
10.4m. These results seemed to be confused and would seem to suggest that a
possible cause might be precipitation. However, the Geobead data in Figure 2.2
does not seem to suggest a plausible relation with precipitation data either (no
response in May 2012 to a large rainfall event of 42mm at the end of May 2012, but
an unexpected large reaction to a much lower but spread out event in June 2012
In essence, a repeated event does not lead to repeated response by the sensor. And
if the sensor in the pond isn't flawless after running dry, this suggests even more
doubt should be cast on the results obtained from the sensor in the dike body which
have run dry or are dry for most of the year.
Figure 2.1 Variation with time of Geobead recorded waters to water side of dike and of
precipitation measured at a nearby weather station.
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Figure 2.2 Variation with time of Geobead recorded water levels and the water side of the
dike and of the water level measured at Lobith (at the Dutch/German border) on the Rhine
river, about 10-15 km downstream.

2.2 Communication links
2.2.1 Boston, UK
The Boston dike is located next to and Environment Agency gauging station, which
has access to the internet, this provided the UrbanFlood team access to the building
to connect the sensors online. The sensors were originally connected via a GSM SIM
card on a pay as you go basis, however when the credit ran out, the live feed from
the sensors was also lost. To reduce the need to renew and continually top up the
SIM, the UrbanFlood team took advantage of the telephone line already installed in
the gauging station and set up a broadband connection. Although this seemed an
ideal connection to the internet it was not fool proof. The ADSL Broadband was
down for a total of 10 times since installation. For this site in real time this was
generally for 5-6 days. A local officer from the Canals and River Trust who also used
the gauging station was able to reset the router. Should this had not been the case
then further downtime would have been experienced.
In total (at the time of writing) the sensors provided 559 days of real time data from
the Boston site, only 12% of this was downtime, 2% due to the GSM SIM card top up
Experiences with online dike monitoring systems
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and the remaining 10% due to the ADSL broadband downtime. Table 2-2 gives the
details of the dates of the downtime and the reasons for the downtime.
Table 2-2 Downtime at the Boston site

Connection
Lost

Connection
Restored

12/05/11

22/05/11

GSM SIM card ran out of credit – no topping up

25/05/11

14/06/11

ADSL Broadband down

07/08/11

07/08/11

ADSL Broadband down

01/11/11

04/11/11

ADSL Broadband down

29/11/11

02/12/11

ADSL Broadband down

19/12/11

23/12/11

ADSL Broadband down

23/12/11

03/01/12

ADSL Broadband down

31/05/12

05/06/12

ADSL Broadband down

10/07/12

18/07/12

ADSL Broadband down

01/08/12

06/08/12

ADSL Broadband down

16/08/12

21/08/12

ADSL Broadband down

Reason

Comments: GeoBeads System at Section A in Boston used a GSM/GPRS modem with
Vodafone pre-paid from 12th April 2011 until 12th May 2011, when credit ran out.
During the installation of Section B in the week of Monday 16th May 2011 the entire
system was connected to the ADSL router in the control building by Grand Sluice.
CCTV was installed at the Boston site to monitor the human activity and weather
conditions at the site. This was successfully installed at the Environment Agency
gauging station with a view of the whole length of the embankment. Live video
streams were being received for up to 3 weeks. Unfortunately the camera was
susceptible to vandalism and stolen from the site. The camera has not been
replaced. The site is open to the public, however the camera was installed within a
private fenced area, and above the water to make it difficult for vandals. Should
CCTV be installed in sites where vandalism is likely, it is advised that it is concealed.
The data that was being received was valuable in cross referencing with any
potential abnormal sensor readings.
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2.2.2 Ringdijk, The Netherlands
There have been no communication issues at the Ringdijk. The site was set up on a
monthly subscription, which worked very successfully.

2.2.3 Rhine dike, Germany
Numerous communication interrupts have been experienced. There are 4 field
cabinets in total with a GSM/GPRS modem in each. Each field cabinet is running on a
pre-paid SIM card, the monthly top up relies on credit being pre-paid each month on
the Vodafone site to ensure a continuous feed of data. It is advised based on this
experience a monthly subscription would be simpler to maintain. All communication
down time at this site was caused by pre-paid credit not awarded properly, a
monthly subscription would have eliminated this downtime.
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3 Analysis of the sensor data
3.1 Initial analysis of sensor data using the UrbanFlood EWS
3.1.1 Boston, UK
The Boston site in the UK has been able to provide the UrbanFlood EWS really
interesting data due to the nature of the site. The tidal cycle (Figure 3.1) enables us
to view changes in the data that represents what the AI would recognise as normal
data. The mathematical analysis undertaken by the AI has been able to demonstrate
what features to look for in the data from the sensors that traditionally engineers
would not have normally been able to identify. For example the Phase shift
between sensor values. The UrbanFlood EWS also easily visualises this data for
simple analysis.
Figure 3.1 Tidal data for the River, at the time frames of the readings of the pore pressures
at AC1 and AS4.

The pore pressures in a sensor at the toe of the defence can easily be plotted (Figure
3.2) and linked to the time line.
Figure 3.2 AC1 Pore Pressures
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Another sensor can then be selected to see its reaction to the changes in the tidal
cycle at the same point in time by also linking the data to the shared timeline. It is
clear from Figure 3.3, that at the time of the AS1 senosr pore pressure peaking with
the tide, AC4 is delayed. The time between the two peaks is known as the phase
shift.
Figure 3.3 AC4 Pore Pressure

This phase shift can be calculated by plotting the two sensors onto the same graph
using the UrbanFlood EWS (Figure 3.4), or alternatively it can be calculated using the
mathmatical mode in the system by creating a scatter plot.
Figure 3.4 AC1 and AS4 Pore Pressure reading from Figure 3.2 and Figure 3.3 plotted on the
same graph
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The scatter plot in Figure 3.5 illustrates the AC1 plotted against AS4 at a single point
in time. Using a scroll bar it is possible to line up the points plotted as closely
together to identify the phase shift between the two sensors,(Figure 3.6) with
looking at the phase shift between the two sensors – Time 58 minutes
Figure 3.5 Scatter plot of the AC1 and AS4 readings

Figure 3.6 Scatter plot of the AC1 and AS4 readings with the phase shift
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It is this phase shift that can be identified by the AI which alerts the engineer to
potential problems with the stability of the bank. Should this phase shift rapidly
change, then this is a key indication that there is something internally happening to
the stability of the dike.

3.1.2 Ringdijk, The Netherlands
The Ringdike has a virtually constant level of retained water. Accordingly,
equilibrium pore pressures would be expected to have developed within the dike,
both at the crest and the toe.
The recorded pore pressures are presented in Figure 3.7 for sensors ath the crest of
the dike, for each of the three sections instrumented. Here, the pressures are
exposed in millibars and do show little change in the upper two levels of
piezometers. In each section however, the lowest piezometers are showing a
gradual increase over time (equivalent to 1.5 -2m of water). Instruments at the toe
record a similar trend. It is presumed that the lower sensors reflect water pressure
in a stratum with connectivity to a water table outside of the site. Since lower
sensors are located some 12m below datum, they do not affect the near surface
stability of the dike. Analysis of the dike has been carried out in a similar method to
Boston and again the critical slip surface was found to be limited to the slope of the
dike and not to extend to the crest.
Figure 3.7 Ringdijk toe – pore pressures, illustrating little change
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3.1.3 Rhine dike, Germany
The sensor reading from the Rhine Dike have not provided sensible readings. As
discussed in section 2.1.2, itt is thought that the sensors may have been affected by
air, as for most of the year the water levels in the dike are low.
The GTC Kappelmeyer installed fibre optics at the Rhine dike to pick up seepage .
This data has provided more reliable results and these have been analysed. This
analysis has been presented in the D3.2 report, Appendix D section 3, explains in
detail how the AI has picked up abnormalities in the temperature readings which is
thought to have developed due to an ‘air bubble’ caused during installation.

3.2 Summary of the engineering piping and/ or stability analysis of
sensor data
As described in D3.1a, the sensors installed at the three study sites and at the IJKDijk
experimental site measured pore water and atmospheric pressures, tilt,
temperature or strain. One cross sections at the Boston site were also instrumented
for horizontal displacement in the form of Shape Acceleration Array inclinometers.
Hence, a large body of data was collected from the sites.
The pore pressure and water level sensors was provided information that was fed
into a lookup table that contains a relationship between the Probability of Failure
(PoF) and individual sensor readings. Stability analyses covering a broad range of
potential pore-pressure and water level values have been carried out in order to
populate this look up table. The results obtained from the sensors up to the time of
analyses were inspected to select the range of groundwater profiles used in the
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analysis. WP4, D4.2 describes this process in more detail and explains the tools
used.
Initial stability analysis used the computer program SLOPE as a suitable subroutine
was not available in the RELIABLE software. However, as it was desired to have
results in the form of Probability of Failure rather than Factor of Safety (as output by
SLOPE), the analysis was repeated and then continued with the program
GEO_STABILITY. A a calibration was made with the SLOPE programme results to
ensure consistency. Full details of this analysis are given in D4.3.

3.2.1 Boston, UK
As explained in D4.3, the Boston site was chosen for its high tidal range and hence
the likelihood of obtaining a response to the varying loading. There were also signs
of existing instability in the form of shallow slippages on the waterward face.
The tilt sensors in the GeoBeads showed an excellent correlation with tidal level,
with a fluctuation of about 3-5 degrees between high and low tide levels. The
measurements reflect the elastic response of the soil to the loading from the river
water and express the way the embankment breathes with the varying water level
loading.
The pore pressure sensors in the GeoBeads provided input into stability analysis .
At high river levels, the body of water within the river provides a restoring force to
the slope; hence, the highest PoF occurs at low water. The stability analyses
considered a range of river levels, together with a range of groundwater levels
within the slope and obtained the PoF for each condition. The pressure that would
be measured at each sensor for each groundwater level was calculated and the PoF
between river levels/groundwater levels were subsequently interpolated. (Figure
3.8)
Figure 3.8 Historical Probabilities of Failure plotted
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Strength parameters were subjectively assessed from a limited ground investigation
in the area and back-analysis of the existing slope.
Results were obtained from the fibre optic cable installed by TenCate at the crest
and toe of the slope, but as this sensor was read intermittently (the data logger was
not permanently connected to the instrument) it was not suitable for inclusion in the
database. However, the sensor would appear to have considerable potential since it
is capable of monitoring the entire length of the slope and not just at discrete points
as with the other monitors. If a reasonably priced data logger becomes available
that could remain connected and provide real time strain data, then this could
provide a valuable monitoring system. Threshold (or trigger) levels of strain would
need to be developed – defining a relationship between deformation and PoF might
not be straightforward.
The TenCate, results do however pick up relative strain. (Figure 3.9 and Figure 3.10)
The relative strain along the length of the embankment shows and indication of
some activity at section CC at the toe of the embankment. On site there is visible
evidence of small historic slippages at the site along the toe of the defence.
Although this data cannot be interrogated by the AI at this stage, it is useful to see if
there any significant hot spots at the sections where the AI may also pick up
anomalies.
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Figure 3.9 Relative stain at the top of the dike

Figure 3.10 Relative stain at the toe of the dike

3.2.2 Ringdijk, The Netherlands
Unlike the Boston site, Ringdijk has a virtually constant water level at its crest in the
form of a canal whose water level is closely controlled. There are signs of overall
instability in the form of inclined lamp standards and cracking within the asphalted
footpath at the crest. (Photograph 3-1)
Photograph 3-1 Ringdijk, crack in the crest of the embankment
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The majority of the sensors confirm the relatively static groundwater regime at the
site. An unusual feature is the duration of three months taken to come to a sensibly
static level even though these instruments were founded in the sand layer
underlying the site. With the higher permeability expected in the sands, a faster
response of the piezometers would be expected. It may be that the sands are a little
clayey reducing their permeability.
To obtain relationships between pore pressures measures at the sensors and PoF,
several profiles of the groundwater within the dijk were assumed. Ground water
levels at both the crest and toe were varied although the potential for the water
level at the crest to vary is limited as the level of water in the canal is maintained at
a constant level. Hence greater variations were applied at the toe, adjacent to the
road.
Strength parameters were assessed from the results of laboratory testing carried out
in the Amsterdam area.
The results of the analysis showed the expected increase in PoF (reduced stability) at
higher assumed ground water levels. The ground water levels were translated into
equivalent sensor readings, and these together with the corresponding values of PoF
subsequently interpolated and included in the look up table.

3.2.3 Rhine dike, Germany
This third study dike again differed from the other two in that it is only required to
retain water during periods of heavy flood – approximately two to three months of
the year when there is snow melt in the Alps. For the remainder for the year it
remains dry.
The dike shows no visible signs of distress. Ponding occurs in the field on the land
side of the dike suggesting seepage occurs through or beneath the dike and it was
for this reason that sensors were installed t=rather than because of concerns about
mass instability.
The piezometer data from the sensors are difficult to interpret showing considerable
scatter. It is thought that this might be due to the piezometer tips becoming desaturated - they would have be fully saturated at the time of installation.
Unfortunately, little could be interpreted from the data. (Figure 3.11 shows data
extracted from the UrbanFlood EWS from the Rhine Dike. The bottom left graph
illustrates the irregularities from the piezometer readings. The bottom right hand
graph illustrates the trends observed in the other piezometers.
Figure 3.11 Rhine dike, graphs taken from the UrbanFlood EWS
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Ground profiles and soil parameters were extracted from a report prepared for the
local water board examining the stability of the dike. Ground investigation
comprised boreholes and dynamic probes at the side of the dike – no investigation
within the dike was available.
As the major issue reported by the water board at this site was seepage, it was
concluded that the critical failure mechanism was likely to be internal erosion.
However, the difficulties in getting believable pore pressure sensor readings has
meant that calculating realistic hydraulic gradients to assess internal erosion
processes has not been possible
For completeness and as previously, stability analyses were carried out assuming
various levels of the flood water on the river side of the dike. Because the river is
elevated for a period of time, it has been assumed that the water level within the
dike itself reaches equilibrium; this is represented by a straight line between the
flood level and the landward toe. Relationships between pore pressures and PoF for
stability for the different groundwater levels were then translated into equivalent
sensor values and included in the look up table. However, again because of the
difficulty with getting believable pore pressure recordings, there is very little
confidence in the live results. A fibre optic cable has been installed at the toe of the
dike to measure changes in temperature along the dike. Changes in temperature
could be an indication of seepage through/under the dike. As with the fibre optic
cable at Boston no automatic data logger has been connected to the sensor., which
is read manually periodically. Hence, data feed from this instrument has not been
included in the UrbanFlood system.
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4 Customer Feedback
Customer feedback on the UrbanFlood EWS has been sought through various routes.
This report deals with the visitor centres set up in the UK, Russia and The Netherlands.
Visitor Centres

4.1.1 Boston, UK
The Boston Visitor centre was set up in December 2011, and has since provided an
interactive stand for members of the public to learn more about the UrbanFlood
project. The centre is located by Black Sluice, and is in the centre of Boston. It is
also a community centre and regularly has visitors on a daily basis.
The café is used by the locals and the visitors to the centre and the multi-touch
screen is set up in the front of the Café near the front door, in full view of the
visitors. (Photograph 4-1)
Photograph 4-1 Boston Visitor Centre, Multi-touch screen with demo

A suggestion book has been left by the multi-touch screen for visitors to write
comments about the UrbanFlood demo and system. Here are a few comments from
the members of the public:
“Who is going to be using this?” January 2012
“ It all looks very clever, it’s amazing what can be done these days” Julie and Jim,
Boston, July 2012
“The demo is interesting, I was worried about touching the screen at first, but it is
really easy to use ” Sept 2012
Experiences with online dike monitoring systems
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“This is the future” Tim, October 2012
The members of the public who have been using the current demo at the Boston
site, may not fully understood the UrbanFlood interface. The tools were not
designed for use by the lay person, and although the interface is easy to use and set
up well, the general public may not have grasped the idea that there is the ability to
manipulate the data from the sensors to review trends and patterns to manage
dikes. The demo and game developed subsequently for the Crystal (see below) is
now thought to be more suited to the general public. For this reason, it has been
decided to replace the current demonstration at Boston with the Crystal
demonstration and game .

4.1.2 Amersfoort, The Netherlands
The UrbanFlood visitor centre in the Netherlands is situated at the premises of
STOWA (Photograph 4-2), The Waterschapshuis and the Informatiehuis Water in
Amersfoort. These three organizations are all strongly related to the Dutch Water
Boards.
Photograph 4-2 The Visitor centre at STOWA premises in Ameresfoort

The early reactions of the visitors to the UrbanFlood demonstration have been generally
positive. Formal monitoring procedures have not yet been set up, but visitors have used the
multi-touch table, and in general like the concept. The ‘autonomous’ Crystal demo will be
installed there soon to show the UrbanFlood ‘concept’. Provision has been made to arrange
more detailed demonstrations on request.
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St Petersburg, Russia
The visitor centre in St Petersburg, Russia has been installed for a relatively long
time now. It is located in the Interactive Exhibition for the St Petersburg Barrier.
Visitors have been very excited by the features of the multi-touch application, and it
appears to have demonstrated a beyond-state-of-the-art visualisation approach
compared to the industrial environment.
The visitor centre has been providing a guided experience and a demonstration so
the UrbanFlood system. This alongside the interactive demo provides member of
the public a better understanding of the UrbanFlood ideas. However it is thought
that the demonstration provided a better insight to the UrbanFlood idea than the
demo alone.
Photograph 3-3 The visitor centre, St Petersburg

The Head of the Information Centre and his assistant leading the excursions
commented that the additional information was given during guided tours for the
public to gain a better understanding of the technical details involved within the
UrbanFlood EWS, no all this information was covered in the On-Screen demo. In
general their feedback was reasonable and constructive, and it has highlighted the
complexities of the project that need to be better communicated. This experience
and knowledge was used to improve the on screen demo for the new installation at
the Siemens centre known as the Crystal in London.
Most of the comments were carefully analysed and used for the new design of the
interactive demo for the Crystal. The main purpose of new design was creation of
the simplified version of the demonstration which can successfully tell the
UrbanFlood story without extra explanations and too many technical details for the
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general public. In the nearest future based on the unofficial agreement with hosts
from Information Centre, the version developed for Crystal will be translated into
Russian and deployed in St. Petersburg visitors centre, including local references and
presentation materials related to floods in St. Petersburg.

4.1.3 The Crystal, UK
The feedback from the St Petersburg visitor centre were carefully analysed and
considered when developing a new on screen demonstration for the Crystal in
London. This was a Siemens funded venture to promote the UrbanFlood EWS within
their new facility in London. (Photograph 4-4)
Photograph 4-4 The Crystal London – Visitor Centre new display

The main purpose of the new design was to create a simplified version of the
UrbanFlood demonstration which can successfully tell the UrbanFlood story without
extra explanations required by a tour guide. This appears to have been successful.
The installation has been in place for three months to date; on visiting the centre,
members of the public were using the multi-touch screen and learning about the
project.
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Scientific publications, presentations and demonstrations

5.1 Publications
Note that the following are also likely to be put forward in reports of other work
packages, as the contents is not limited to one single work package:
Papers published and accepted for conferences
•

•

•

•

•

•

Kozionov A.P., Pyayt A.L., Mokhov I.I. The research of the time-frequency
analysis and classification of signals for detection of objects abnormal behavior.
Scientific session of the SUAI, part 1, SUAI, St. Petersburg, 9-11 April 2012, pp
22-23
Pyayt, A.L., Mokhov, I.I., Kozionov, A.P., Kusherbaeva, V.T., Krzhizhanovskaya,
V.V., Broekhuijsen, B.J., Meijer, R.J. 2012 Signal Processing Methods for Flood
Early Warning Systems. Proceedings of the 10th International Conference on
Hydroinformatics – HIC 2012, Hamburg, Germany,14-18 July 2012, pp. 1-8.
Pyayt, A.L., Mokhov, I.I., Kozionov, A.P., Kusherbaeva, V.T., Lang, B.,
Krzhizhanovskaya V.V., Meijer R.J. Data-driven modelling for flood defence
structure analysis. Accepted Proceedings of the 2nd European Conference on
FLOODrisk Management – 22-24 November 2012, Rotterdam, the Netherlands.
Simm, J., Jordan, D., Topple A., Mokhov, I., Pyayt A., Abdoun T., Bennett, V.,
Broekhuijsen, J., Meijer, R. Interpreting sensor measurements in dikes experiences from UrbanFlood pilot sites. Proceedings of the 2nd European
Conference on FLOODrisk Management – 22-24 November 2012, Rotterdam, the
Netherlands.accepted (journal):
Pengel, B.E., Krzhizhanovskaya, V.V., Melnikova, N.B., Shirshov, G.S., Koelewijn,
A.R., Pyayt, A.L., Mokhov, I.I. Flood early warning system: Sensors and Internet.
IAHS Red Book Series.
Morris.M., Goff.C., Simm.J., Current European Research Relevant to Reservoir
Safety: The FloodProBE and UrbanFlood Projects, Proceedings of the 17th
Conference of the Birtish Dam Society at the University of Leeds from 12-15
September 2012, ICE Publishing, London

5.2 Abstracts
•

•

Pyayt, A.L., Mokhov, I.I., Kozionov, A.P., Kusherbaeva, V.T., Ozhigin A. Signal
processing for earthen dam measurements analysis. 2nd UrbanFlood Workshop
“Intelligent dike monitoring for the 21st century - Experience in Embankment
Monitoring”, Amsterdam, the Netherlands, 3 November 2011, p. 6.
Kusherbaeva, V.T., Pyayt, A.L., Kozionov, A.P., Mokhov, I.I. Decision-making on
selection of models and methods in critical infrastructures monitoring systems. XV
International theoretical and practical conference «System analysis in design and
control». SPbSPU, St. Petersburg, Russia, 27 - 29 June 2012.
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5.3 Demonstrations and workshops
HR Wallingford undertook a series of demonstrations around the UK to
promote the EWS to potential users of the system. The workshops and the
demonstrations are reported in D7.3, which includes the customer feedback
on the UrbanFlood EWS.
•
•

•

•

Pyayt, A.L., Mokhov, I.I., Kozionov, A.P., Kusherbaeva, V.T., Ozhigin A. Signal
processing for earthen dam measurements analysis. 2nd UrbanFlood
Workshop. Amsterdam, the Netherlands, 3 November 2011
Kozionov A.P., Pyayt A.L., Mokhov I.I. The research of the time-frequency
analysis and classification of signals for detection of objects abnormal
behavior. Scientific session of the SUAI, part 1, SUAI, St. Petersburg, 10 April
2012.
Kusherbaeva, V.T., Pyayt, A.L., Kozionov, A.P., Mokhov, I.I. Decision-making
on selection of models and methods in critical infrastructures monitoring
systems. XV International theoretical and practical conference «System
analysis in design and control». SPbSPU, St. Petersburg, Russia, 27 June
2012.
Pyayt, A.L., Mokhov, I.I., Kozionov, A.P., Kusherbaeva, V.T.,
Krzhizhanovskaya, V.V., Broekhuijsen, B.J., Meijer, R.J. 2012 Signal
Processing Methods for Flood Early Warning Systems. – HIC 2012, Hamburg,
Germany,15 July 2012

Experiences with online dike monitoring systems

UFD3.3v1.0.HRW

UrbanFlood

30

November 2012

References and bibliography
1. Koelewijn, A.R., Peters, D.J.: Design of IJkdijk All-in-One/Sensor Validation Test, 2012
2. UrbanFlood Deliverable 3.2 – Signal processing of sensor networks in dikes
3. UrbanFlood Deliverable 3.1b – Artificial Intelligence component
4. TNO (2009a). UrbanFlood proposal Annex I – “Description of Work”
5. Official site of UrbanFlood project, http://urbanflood.eu

Experiences with online dike monitoring systems

UFD3.3v1.0.HRW

