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Abstract - Although various types of flood warning systems, which can be considered lesser or
greater "smart", are already functional, however they are dependent of other complex systems,
such as satellites, sensor networks or internet connection, which in certain situations could be not
available. This project proposes a local intelligent system for the flooding anticipation, based on a
collection of sensors and intelligent algorithms of data processing - independent or complementary
to other existing warning system.
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1. Introduction
Floods are natural disasters or are caused by human
activities: Floods on rivers, as a result of heavy
rainfall or sudden melting snow which exceed the
capacity of the basin to receive the excessive
amounts of water. Flooding can also occur if the
water-course is blocked due to landslide mud,
vegetation due to human activities. Flash flooding
may occur in the case of uncontrolled discharge or
the collapse of dams or reservoirs dams. Coastal
floods are caused by storms or tsunamis that
generate in-crease in sea level and flooding of coastal
estuaries or rivers.
The most known systems are the so-named
Expert systems, which are a branch of the Artificial
Intelligence (AI), that use knowledge from a certain
domain in order to solve a problem at the level of a
human expert [1, 2, 3]. Such a system represents
more than a classical programme because it
incorporates the knowledge base, inference methods
and decision assistance. The main types of flood
warning systems are:
Sensor networks, such as networks of wireless
sensors working in the 900 MHz band acting in
range of 8 km or on 144 Mhz in range of 25 km;
Warning systems based on Web. Data are real
time collected from observation hydrologic stations
by a cluster of servers and then the results are
available on client computers;
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RS (Remote Sensing) combined with GIS
(Geographic Information System). Com-pare the
satellite images obtained in real time with digital
map databases.
Many of these systems are based on pattern
recognition programs. In turn, some of the best
systems of pattern recognition are based on neural
networks - [4, 5];
Warning systems based on Radio, SMS, TV,
telephony. Because the information received from
sensors must be converted into a collection of
decisions which are then recommended (suggested)
to the human operator and the numerical expression
sometimes is not the best solution, in practice are
frequently used Fuzzy logic algorithms, operating
with values that are closer to the verbal expression
[6, 7]
All these systems are complex and depending of
other more complex systems, even global systems.
This project proposes a small, cheap, independent
and local system, composed of a sensory system
placed on a Floating Vehicle (FV) and a Monitoring
and Control Centre (MCC), communicating wireless
each other. The project focuses on the sensory
system and data processing, not on the floating
vehicle itself. The raw data are processed in the MCC
by the aid of various algorithms, the results
consisting in warnings of certain degrees of danger.
The MCC can be primarily directly accessible to the
decision makers and secondly to a larger interest
group via Internet.
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2. System Architecture
Information and ideas above are materialized in a
block diagram depicting the system architecture,
shown in Figure 1:

The central element of the module located in the FV
is the data acquisition and control board, which
acquires analogue or digital signals from sensors.

Figure 1: System architecture
In a first approach, the following sensors are used:
- a distance ultrasonic sensor which measures the
vertical distance between the FV and a fixed
reference on the bank, where it is anchored to the
shore; This sensor provides information on the
magnitude of the waves or if there are sudden
changes in water level;
- an acceleration sensor that provides
information about the vertical movement of the
vehicle regardless of its position, whether or not
anchored to the shore. In addition, it makes possible
highlighting of the shocks which may be related to
different natural phenomena;
- a combined "atmospheric" sensor, containing a
temperature, pressure and humidity sensor that
provides specific information;
- an anemometer which measures the wind
speed.
Other sensors, such as an underwater sensor
for
temperature,
pressure
and
turbidity
measurement, a triaxial accelerometer or an
underwater ultrasonic sensor can be subsequent
added. The GPS module shows the position
coordinates of the FV (latitude and longitude).
Another function of the controller is
transmitting control signals to the two electric
motors used for the FV propulsion and directing, via
a driver - motors interface. This can be done in two
ways:
- using a single motor for propulsion and the
other for operating the rudder;

- the use of both motors for propulsion and
directing, resulting from the combination of the
speeds.
The transmission of the obtained data between
FV and MCC is made through a pair of radio modems,
working at the frequency of 2,4 GHz, which does not
require licence in Romania and allows data
transmission on distances up to several hundreds of
meters. The data are received on a PC or terrain
laptop, processed and presented by the aid of the
application software.

3. Sensory System Implementation
The figure below shows the integrated sensory
system with the following elements:
1. Data acquisition and control board Arduino
Mega 2560 v3
2. Support plate
3. Connection module (Breadboard)
4. LiPo Battery 5200 mAh / 7.4 V
5. The ultrasonic distance sensor ping Paralax
6. Accelerometer ADXL 193
7. Atmospheric sensor (includes pressure,
humidity and temperature sensors) BME280
8. Anemometer (including the 9 VDC power
supply)
9. GPS Module
10. Wireless Wixel module USART connected to
the data acquisition board
11. Wixel Wireless module USB connected to PC.
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Figure 2: Sensory system
To obtain a graphical representation of the
measured values it was used the free "PLX-DAQ"
software [8] that connects the Arduino software and
Microsoft Excel. The following figure shows the
dynamically display of data in an Excel spreadsheet.

The data from the six sensors are wirelessly
transmitted from the microcontroller to PC and real
time graphically displayed - Figure 3:

Figure 3: Dynamically displaying data in an Excel file
The US distance sensor can prove usefulness in
the event of a flood, at least for the downstream
areas.
The model described above uses an US senzor
working in atmosphere, but an underwater US
senzor which measures the distance between FV and

the river bottom or the seabed would be more useful
[9].
Figure 4 presents the simulation of a flood, with
stacked graphics of the raw data and the filtered data
in order to remove the influence of waves:

Figure 4: Image of a flood with simulated data
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4. Use of the Fuzzy Model Mamdani
Type for the Flood Warning
In the previous paragraph was shown how data were
obtained from several sensors, including an
anemometer and a pressure sensor, hence pairs of
values [vitv (wind speed), pressure].
They are introduced in the Matlab programme
of FIS (Fuzzy Inference System) type [10], which
models the flooding phenomenon on the basis of
information from the sensors mentioned above.
Thus is obtained a local monitoring system based on
two sensors providing information that can predict
the rain, and thus to some extent associated flooding,
although the phenomenon is very complex and
associated with geography of that zone and other
factors. It is known that a low atmospheric pressure
or its rapid decline is associated with producing of
rainfall with an intensity according to a more or less
proportional law.

Figure 5: Mamdani editor of
membership functions for wind
speed

Also, an increased wind speed means changes in the
weather; associated with a decrease of pressure may
indicate a greater immediacy of precipitation.
Therefore, the fusion of the information from an
atmospheric pressure (barometric) sensor and one
that measures the wind speed, and based on
knowledge of meteorology, it can be estimated the
precipitation probability of a certain intensity.
In the following it will be presented the process
modelling of the precipitation provision based on
data from the two sensors. Output linguistic values
are expressed in the form of well-known
precipitation codes - blue (no or very low risk),
yellow (medium risk), orange (high risk) and red
(very high risk). The Mamdani Fuzzy Inference
System (FIS) editor allows the selection of the type
of membership functions and their parameters, e.g.
for the input variable "wind speed" Gaussian
membership functions - Figure 5, respective for the
output variable "code for precipitation" - of
triangular type, Figure 6.

Figure 6: Mamdani editor of the
membership functions for the
output variable

The rules underlying the inference process are presented in the following table:
Table 1. The set of rules used in Mamdani FIS
Pressure/ Wind
speed
Normal
Low
Very low

Small

Medium

High

Blue code
Blue code
Yellow code

Blue code
Yellow code
Orange code

Yellow code
Orange code
Red code

Their implementation is made with the editor of
rules, selecting "AND" option and using Table 1
which contains the nine fuzzy rules governing the
system.
The fuzzy inference result is obtained by
placing the two input values at the lower left of the
panel (Input);

in this case the two scales were chosen close to
reality (from 0 to 50 m/s for wind speed and the
pressure 930-1050 hPa).
Figures 7 and 8 show the fuzzy output values
(precipitation codes) for different input values with
the defuzzyficated values indicated in the upper
right corner of each panel.
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Figure7: Medium risk - Yellow
code / output value 1.47

Figure 8: Very high risk - Red
code / output value 3.56

Finally, the panel from Figure 9 shows a spatial representation of the risk level on the basis of the two measured
parameters:

Figure 9: Mamdani editor associated with the risk of surface
In the fuzzy systems described above, the user
chooses the membership functions and their
parameters according to his intuition and
experience, sometimes leading to questionable
results.
To improve the inference system performance,
were developed complex systems depending on the
input data and expected results by specific adaptive
neural network algorithms, calculating parameters
that lead to the best results.
This requires a set of training input data and output
data - the expected results. Using the method of back
propagation or the method of least squares, or a
combination thereof, the parameters of the
membership functions are more convenient
estimated [11].
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Further work will concentrate to incorporate such
advanced algorithms.

5. Conclusions
The model developed in this stage proved its
functionality and can be extended especially with
underwater sensors. The middle project results,
based mainly on simulated data, constitute the basis
of more complex programs, which use data from
multiple sensors and deeper knowledge of
meteorology, completing thus the image of the risk
associated with the flooding events.
Finally, it is expected to obtain a small, cheap
and local intelligent system, independent or
complementary to other existing warning systems.
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