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e rare visual inspections
* old dikes

* Percantage of flood events in the USA
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likdijk piping Wilnis 2003 — drought (peat) & uplift

http://wwwen.uni.lu/research/fstc/research_unit_in_ engineering_science_r
ues/members/stefan_van_baars/research/dike_engineer  ing

UrbanFlood \<<r«—w< SI E M E N s A. Pyayt 4




\
\

UrbanFlood

UrbanFlood decision support

system workflow

Dike

Sensor |
| monitoring

Al Anomaly

Reliability
Detection

Analysis

J

l Fast response

. | Breaching

g -
Hisgiske Simulation
Yes o

|

A 'e T
i Decision
: %[ Support

System

H

~<—" SIEMENS A rr

—

l Virtual Dike l

Experienced user
Advanced simulation

Flood
Simulator

Assessment l

Fvacuation
Simulator

——




Abnormal Behaviour Detection
Approach

e Pre-processing isi
e S 1
Logical Decision

groups Feature support
Extraction
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- | Knowledge about anomalies
\ Real measurements

“1 Urban Flood DMC Macro Stability &
=% Anti-Piping Drainage System

+ Real-world data

+ Low cost of non-destructive
experiments

- Absence of measurements related to
real dike failures

- High cost of destructive experiments
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ban Flood DMC Macro Stability &
Anti-Piping Drainage System

Lancuscie 88 1 Telgcoih

\ Real measurements
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+ Real-world data

+ Low cost of non-destructive
experiments

- Absence of measurements related to
real dike failures

- High cost of destructive experiments
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Knowledge about anomalies

Physical modelling

+ Cheaper than field experiments

- Model adequacy




- | Knowledge about anomalies

\ el Physical modelling

ban Flood DMC Macro Stability &
Anti-Piping Drainage System
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+ Cheaper than field experiments

+ Real-world data

+ Low cost of non-destructive - Model adequacy

experiments

- Absence of measurements related to
real dike failures

- High cost of destructive experiments
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Measurements with anomalies

| {_\ Nondestructive experiment, Destructive experiment,
not stable dike real dike failure

e Stammerdijk Zeeland dijk
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Pre_ProceSSI ng ' Extraction
The main idea : to apply methods, which have minimal number of

adjustable parameters and require minimal information about signal

1) Wavelet denoising

y [ DWT [ e resnaana] | iDWT |

2) Spectrum Singular Analysis (SSA )
N

3) Hodrick-Prescott filter
. T ) T-1 ) .
miny (%, = %)2 + A3 [(%.0 — %) — (% = %_)I2, A —smoothing parameter
i=1 t=2
4) L1 trend filtering
T T
min > (y, =%)?+A>_|% = X_|, A —smoothing parameter
i=1 i=2

5) Moving average y — measurements
1 Nz_:l X — estimation of a signal
T Yi-
N 1=0 A. Pyayt I
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Data pre-processing

Synthesized data
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One-side classification

: Pre-processin -

\ 1) Hypercube Logical P 9 Decision

: groups Feature support
Extraction
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2) Parzen window 3) Neural Clouds
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Virtual Dike

Livedijk, Eemshaven, the Netherlands ~ VVK!
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Mohr-Coulomb plasticity model:

stab = C+laf‘tan¢—‘rf‘ , where

stab - stability factor, [Pa] (<0 in case of
plastic deformations )
C - cohesion, [P4d]

0 - effective normal stress, [Pa]
¢ - friction angle, [grad]
l; -shear stress, [Pa;l
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Macro-instability Modelling

Distribution of stability factor in the dike at different loading steps:

Beginning of plastic deformations \

Plastic deformations

ot

critical state, water is at 6.6 m above ref. level
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Simulated sensor data
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factor [Pa]

1 11 12 13 14 15 16 17 1.8

Time x105
4 5
10 I 10
4 l — (61.5, 2 0.2 —(61.5, 2)
3 < (58.5, 3) 0 1 —(58.5, 3)
—(55.5, 4) ///’ - — (55.5, 4)
— 2 | < (52.5,5) | 502 — — 1L ||l—255)
= —(49.5,6) | = —t | |—95,6)
g |~ /l (55, 4.2)| .04 (55, -4.2)
B 0 < @
= K — 1 5-0.6
o-1 ’ - 2 \
‘= 5-0.8
“o-2 ¢ U‘j AW
J‘Q_\\<E N "
-~ 4 -1.2
lood -5 -1,
UrbanF i 1.1 12 13 14 15 16 1.7 1.8 L4 ™11 12 13 14 15 16 17 18
Time %10° Time x10°




Anomaly detection in artificial data

Confidence value of dike
normal behaviour
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/ Variant of combination of the Al
\ component and the Virtual Dike
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- Al component implementation

Lafel Pre-processing Decision

Feature support

Extraction
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Al component as part of the
UrbanFlood EVVS

/Al component N\
) ) MS
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l]avz Message Service (JMS)

International Monitoring and Flood
Safety Workshop,
22 Amsterdam, the Netherlands, Nov 2010
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%\_K Joint UrbanFlood & SSG4Env




UrbanFlood

Summary

e Current results

o Detection of anomalies

Real dikes
Stammerdijk (published)
Zeelandijk (to be published)

Livedijk-based generated data by the Virtual Dike

* Next steps
> ljkdijk modelling and data analysis

> Al component
application of parametric methods
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