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Abstract—Flood is a major natural hazard in the world. For
the period 1996-2005, about 80% of global natural disasters were
meteorological or hydro. The floods have affected an average of 66
million people per year between 1973 and 1997. By these statistics,
floods are considered the disasters that produce the most damage.
Thats why we must handling floods data with great caution since
human life is at stake. In this paper, we present an intelligent
model that gathers data received from the wireless sensors and
reach them in an intelligent way on one hand, on the other hand,
it detects erroneous or redundant data to classify them to just
have reliable and adequate data to be stored in the database in
order to be processed in the decision support system for real
time flood forecasting by using of the multi-agent system (MAS)
to process data, eliminate redundancy, non-useful and erroneous
data and establish collaboration between mobile agents to send
the results to the base station.

Keywords—flood, forecasting, wireles sensor network, multi-
agent system, jade, mobile agent

I. INTRODUCTION

Technological advances in the field of wireless
communications and microelectronics during the last
decade, allowed the emergence of wireless sensor networks
(WSN) [1]. They are composed of a large number of nodes,
often deployed randomly and densely in the interested field. [2]

WSN consists of a sensor assembly, provided with a
capture unit, a microcontroller, a battery, a radio module and
a storage unit. The capture unit collect physical data of the
environment, temperature, pressure, etc [3]. The transmission
unit transmits the collected data across a radio link to the
base station, through byte packets based on a communication
protocol. The nature of the data collected depends on the
application and the sensor type used. The application areas of
WSNs are many and varied (health, environment, agriculture,
military, etc.) [4]

However, [5] WSNs are characterized by limited capacity
in terms of computing potency, storage, and energy, which
represents a challenge for designing algorithms and programs
for this type of networks, thus the importance for researchers
to have tools for modeling and simulation to study and
evaluate their performance. [6]

For multi-agent approach, it showed its strength for
distributed problems for which it is difficult to anticipate all
the situations encountered. The division of an application to
decentralized cooperative entities transforms the analytical
problems from a global level and a local level and reduces
the design complexity. [7]

Distributed systems involve many entities, often au-
tonomous from an energy point of view. These entities are
hardware (sensors) and software (mobile agents).They are
responsible for complex tasks with very different natures:
measurement acquisition, action, behavior, computing and
communication tasks. [8]

II. USING MOBILE AGENTS AND MULTI-AGENT
SYSTEMS IN WSN

In this part, we introduce the wireless sensor networks, the
multi-agent system concept as well as use of the multi-agent
systems in wireless sensor networks.

A. Wireless Sensor Networks (WSN)

The wireless sensor network is a particular family of
ad-hoc networks [9]. It consists of autonomous sensors
distributed randomly in an area of interest in order to monitor
physical or environmental parameters (eg. Temperature,
sound, pressure, etc.) and transmit data via the network to the
base station. [10] [11]

Figure 1 shows an exemple of wireless sensor networks :

Fig. 1: Example of wireless sensor network
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Sensor is an electronic component that can collect data and
transmit them to a coordinator node or a base station in full
autonomy. [11]

It is composed of four basic components which are:

• Microcontroller (a programmable integrated circuit).

• Radio module for wireless communication.

• Battery.

• Storage unit

Figure 2 shows an exemple of sensor :

Fig. 2: Example of Sensor

WSN are characterized by limited capacity in terms of
computing potency, storage, and energy, which represents
a challenge for designing algorithms and programs for this
type of networks, thus the importance for researchers to have
tools for modeling and simulation to study and evaluate their
performance [6]. here it comes the importance of combining
between multi-agent systems and wireless networks of sensors
to have best results in terms of collaborative decisions

B. Multi-Agent Systems (MAS)

Multi-agent systems represent a technology of choice for
design and implementation of distributed and collaborative
applications. A multi-agent system (MAS) is a set of agents
which evolve in a common environment. [12]

This set of agents, not necessarily intelligent, constitutes a
complex system which unlock a collective intelligence. This
intelligence comes from the emergence of a global behavior.
[12]

An agent is a reactive computing entity, pro-active and
with social skills, able to act autonomously in an environment
[13]. Responsiveness refers to the maintenance of a constant
link with its environment to meet the changes that occur. Pro-
activity means that the system generates and satisfies goals:
his behavior is not directed only by events. Social skills
indicate that the system is able to interact or cooperate with
other systems. Agents can be described at different levels of
abstraction: model, architecture and implementation. The agent
model describes the agent, its properties and how it can be

represented. The architecture is an intermediate level between
the model and implementation. It organizes the construction of
the agent, its capabilities and its control, accordance with the
model. The implementation provides the practical realization
of the agents architecture using languages or programming
tools. [12]

C. Using Mobile Agents and Multi-Agent Systems in WSN

Smart components are found in several fields of network
management [11] : configuration, security, breakdowns and
accounting. This intelligence comes usually from distributed
artificial intelligence.

Recently, there are more and more attempts to confronta-
tion between the two research areas that are multi-agent net-
works and wireless sensor systems. The distributed and open
nature of sensor networks makes the multi-agent approach
particularly suitable. The fact that this approach provides an
external representation of the interactions and organization
offers several features such as control by an external observer.
We have identified several areas of multi-agent systems appli-
cations in the context of wireless systems: routing information,
data fusion, research and description of services. [11]

Data fusion

[14] The agents are used to achieve an open and flexible
assembly cell structure in which data collected by the agents
are merged to create a virtual environment. The Unmanned
Ground Vehicle Program ARPA project [15] uses multi-agent
approach to merge data from several military vehicles in order
to have a global view of the operating field from different local
views.

Research and description of services

Research and description of services is a very active
research area where the multi-agent systems are used in the
context of ad hoc networks [10] [16] [17] [18] [19]. FIPA [20],
who works on the standardization of interactions in multi-agent
systems, is also interested in this family of communication
networks [21]. Some works on this standard have been made
and some interesting results were measured for certain types
of ad hoc networks [22].

The routing information

Few works, dealing with the routinog informatin problem
in ad hoc networks of autonomous physical entities, using
multi-agent systems. However, we can cite related works
using mobile and focused on optimization of message delivery
time agents [23]. Its technique relies on management of
affinities between agents (similar to routing techniques called
link state). The ActCom military project [24] in which the
routing information is essential: the objective is to manage
the communications exchanged between soldiers and between
soldiers and headquarters via satellite. Other approaches of
distributed artificial intelligence related to multi-agent systems
are used.



III. PROPOSED MODEL OF DATA CLASSIFICATION,
AGGREGATION AND WIRELESS SENSOR FILTERING FOR

REAL-TIME FLOOD FORECASTING

This section presents the main idea of the classification of
data received from wireless sensors using multi-agents in order
to filter data for the real-time floods forecasting.

The problem we must deal with is that data received from
wireless sensors may be erroneous, redundant or non-useful,
but our model is a model of real-time flood forecasting, so we
treat a disaster that can put society in danger, so we must be
sure of data we are working with in order to provide the best
decisions in a timely manner.

In order to do it, we propose an intelligent model of
classification and aggregation for data received from wireless
sensors, the model divide data into two classes valid and
invalid using a proposed algorithm for data comparison. The
data obtained are reliable. We used the multi-agent systems for
the processing of the classification and aggregation according
to the proposed algorithm. the system has five agents :

• Verification Agent : responsible for verifying the func-
tional and non-functional sensors.

• Rainfall Agent : responsible for classifying and aggre-
gating data received from the Rainfall sensor.

• Flow Velocity Agent : responsible for classifying and
aggregating data received from the Flow Velocity
sensor.

• Water Level Agent : responsible for classifying and
aggregating data received from the Water Level sensor.

• Interaction Database Agent : responsible for saving the
valid and invalid data in their database and to monitor
the number of times a sensor has sent erroneous data
to change the state of the sensors by changing its Flag.

Figure 3 summarizes the main idea of the classification :

Fig. 3: Main idea of the proposed model

Figure 4 shows the architecture of the proposed model :

Fig. 4: Proposed model architecture

In the next section, we will present and we will explain all
the phases that constitute our proposed model.



A. Sensors verification phase

Before sending data received from the wireless sensors to
our model, it access a very important step. This step serves to
identify the sensors that are functional and non-functional and
also serves to identify the sensors that will be considered by
the model when processing data.

Identification is made by using a table called “Verification”
which have two fields: SENSOR ID and FLAG, SENSOR ID
is the number ID of the sensor in the wireless sensors network,
FLAG is a boolean field, it takes “No” if the sensor is non-
functional so it needs maintenance or change, therefore, the
system sends warning messages on the platform, emails and
sends also SMS to managers in order to take the necessary,
and it takes “Yes” if the sensor is functional, so data sent from
sensors with FLAG = “Yes” will be taken into consideration
during the processing of the classification.

B. Data Aggregation and Classification phase

Ex = {D1, D2, D3, ..., Dn} is the vectors set of all data
received from sensors installed in the region with Dn =
{d1, d2, d3, ..., dm} a vector of “m” data sent by sensor “n”
at instant t.

The first step for the model is to calculate a square matrix
for the comparison and classification as follows:

MC =



0
T(d2,d1) 0
T(d3,d1) T(d3,d2) 0
T(d4,d1) T(d4,d2) T(d4,d3) 0

...
...

...
. . . 0

T(dn,d1) T(dn,d2) T(dn,d3) · · · T(dn,dm)


With :

T(di,dj) =
n∑

i=2

i∑
j=1

(
1− min (di, dj)

max (di, dj)

)
(1)

When the matrix is ready to be used, during the classi-
fication, the model distinguish the data received from wirless
sensor into two list valid and invalid. To provide the possibility
to the model to distinguish between valid and invalid data, we
proposed a tolerance percentage to set a a tolerance margin
for data, it’s through this percentage that we can identify data
that are on or outside the tolerance interval and therefore have
two lists of valid and invalid data.

The tolerance percentage is calculated by the following
formula for each sensor :

PTC =
(2×∆C) + TF

100
(2)

With :

• ∆C : Uncertainty designated by the fabricator com-
pany.

• TF : Uncertainty that may be attached to a factor in
the study area (Precipitation, Flow, ...)

So, after using the tolerance percentage in the comparison
and classification process, we obtain two valid and invalid

class, now it remains only the database interaction phase. The
next section presents the data backup processes in the master
database and historical database.

C. Database Interaction phase

For valid class, the model takes the closest data to the
average of valid data. Firstly, it calculate the average and the
distance between the average each valid value, then it compare
the distances, finally it takes the data whose distance is the
smallest of all the calculated distances, and at this point, we
finally obtained the most appropriate value of all the valid
values.

For the invalid class, since we have a historical database,
firstly it save the invalid data and the sensor ID for each sensor,
then it calculates how many times a sensor sent erroneous data,
since we deal with sensitive catastrophe, then the error rate is
fixed at five times, finally if a sensor has sent invalid data
five times or more, we deactivate it by changing its FLAG in
the “Verification” table in order to indicate to the managers to
maintain it or change it.

D. Algorithm of Proposed Model

In this section, we will present the algorithm of proposed
model for data classification and aggregation of flood forecast-
ing system. This is the proposed algorithm:

Fonction VerificationFunctionalSensors(Flag)
Data : List SensorsFunctionalList;

1 begin
2 SensorsList ← ResearchFunctionalSensorsDB(Flag);
3 return SensorsFunctionalList;
4 end

Fonction VerificationNonFunctionalSensors(Flag)
Data : List SensorsNFunctionalList;

1 begin
2 SensorsList ←

ResearchNonFunctionalSensorsDB(Flag);
3 return SensorsNFunctionalList;
4 end

Procédure SavingFinalValidData(ValidDataList)
Data : Double Average; Double FinalValidData;

1 begin
2 Average ←

CalculateAverageDataValidList(ValidDataList);
3 FinalValidData ← CalculateSmallestDistanceAver-

ageData(ValidDataList,Average);
4 SavingDB(SensorID, FinalValidData);
5 end

Procédure SavingNonValidData(NonValidDataList)
1 begin
2 SavingDB(SensorIDList, NonValidDataList);
3 ErroneousNumberTime(SensorIDList);
4 end



Procédure ErroneousNumberTime(SensorIDList)
1 begin
2 foreach Sensor do
3 if Erroneous Number Time of This Sensor <= 5

then
4 ErroneousNumberTime++;
5 else
6 ChangeFlag(SensorID);
7 end
8 end
9 end

Procédure ChangeFlag(SensorID)
1 begin
2 EditFlag(SensorId, False);
3 end

IV. RESULTS AND ANALYSIS

the aim of our application is to simulate the proposed model
using multi-agent systems through the JADE framework for
classification and aggregation of data received from the wire-
less sensors. As already mentioned in the previous sections,
our model consists of three phases: verification, classification
& aggregation and finally database interaction, each phase is
managed by one or more agents to complete the process of
the phase.

since we work on a disaster which is very dangerous and
can expose human life in danger, so we set the broken down
rate to 80%, however it has fixed the number of sensors for
each factor to 5, therefore if more than one sensor is broken
down, we must absolutely doing the necessary maintenance
and repair.

Now, we will introduce the application in which we have
implemented our proposed model while simulating with the
dataset presented in the following tables:

Rainfall Sensor Data
Experiences D1 D2 D3 D4 D5 ∆C TC

1 20 30 22 21 24 1.2 5
2 20 36 37 39 38 1.2 5
3 41 43 70 42 40 1.2 5
4 50 54 51 52 42 1.2 5
5 61 62 60 73 64 1.2 5
6 50 70 71 74 72 1.2 5
7 81 82 84 80 10 1.2 5
8 91 03 90 92 94 1.2 5
9 4 2 27 1 5 1.2 5

10 107 105 109 84 108 1.2 5
11 20 30 22 21 24 2 10
12 20 36 37 39 38 2 10
13 41 43 70 42 40 2 10
14 50 54 51 52 42 2 10
15 81 82 80 73 84 2 10
16 50 70 71 74 72 2 10
17 81 82 84 80 10 2 10
18 91 03 90 92 94 2 10
19 4 2 27 1 5 2 10
20 107 105 109 84 108 2 10

Algorithme 1 : DataClassificationAggregationAgentSen-
sors

Data : List SensorsFunctionalList;
List SensorsNFunctionalList;
List FunctionalDataList;
List ValidDataList;
List NonValidDataList;
List DataSensorFileList;
Matrix M;
Double PTC ;
Double ∆C , TF ;

1 begin
2 SensorsFunctionalList ←

VerificationFunctionalSensors(True);
3 SensorsNFunctionalList ←

VerificationNonFunctionalSensors(False);
4 if SensorsNFunctionalList <> empty then
5 MessageWarningSMSEmail(SensorsNFunctionalList);
6 end
7 if SensorsFunctionalList <> empty then
8 DataSensorFileList ← ReadFile(File);
9 foreach Sensor Functional from

DataSensorFileList do
10 FunctionalDataList ←

TempList[DataSensorFunctional];
11 end
12 for i ← 2 To FunctionalDataList.size() - 1 do
13 for j ← 1 To i do
14 M [i, j]←

1−Min(V alidDataList[i],V alidDataList[j])
Max(V alidDataList[i],V alidDataList[j]) ;

15 end
16 end
17 PTC ← (2×∆C)+TF

100 ;
18 for i ← 2 To FunctionalDataList.size() - 1 do
19 for j ← 1 To i do
20 if PTC −M [i, j] ≥ 0 then
21 if This sensor does’t exist in the list

then
22 ValidDataList[i] ←

FunctionalDataList[i];
23 end
24 end
25 if This sensor does’t exist in the list then
26 NonValidDataList[i] ←

FunctionalDataList[i];
27 end
28 end
29 end
30 SavingFinalValidData(ValidDataList);
31 SavingNonValidData(NonValidDataList)
32 end
33 Print(”No sensor to handle !!!”);
34 end



Flow Velocity Sensor Data
Experiences D1 D2 D3 D4 D5 ∆C TC

1 66 64 67 68 55 2 9
2 129 100 130 128 131 2 9
3 7 5 6 35 8 2 9
4 62 61 88 60 64 2 9
5 81 82 80 73 84 2 9
6 136 138 80 137 139 2 9
7 55 57 54 56 91 2 9
8 123 91 90 92 94 2 9
9 41 19 45 43 42 2 9
10 177 179 176 116 178 2 9
11 66 64 67 68 55 5 18
12 129 100 130 128 131 5 18
13 7 5 6 35 8 5 18
14 62 61 88 60 64 5 18
15 81 82 80 73 84 5 18
16 136 138 80 137 139 5 18
17 55 57 54 56 91 5 18
18 123 91 90 92 94 5 18
19 41 19 45 43 42 5 18
20 177 179 176 116 178 5 18

Water Level Sensor Data
Experis D1 D2 D3 D4 D5 ∆C TC

1 4.58 1.20 1.21 1.19 1.18 2 8.5
2 1.66 1.68 1.67 2.68 1.69 2 8.5
3 0.16 1.95 0.18 0.17 0.19 2 8.5
4 0.82 0.80 0.81 0.84 2.37 2 8.5
5 2.51 2.52 0.54 2.50 2.54 2 8.5
6 1.45 0.33 0.31 0.34 0.32 2 8.5
7 0.61 0.62 0.64 0.60 2.84 2 8.5
8 3.31 3.01 3.30 3.34 3.32 2 8.5
9 1.33 1.31 2.57 1.34 1.30 2 8.5

10 4.50 4.52 4.51 0.84 4.54 2 8.5
11 4.58 1.20 1.21 1.19 1.18 4 16
12 1.66 1.68 1.67 2.68 1.69 4 16
13 0.16 1.95 0.18 0.17 0.19 4 16
14 0.82 0.80 0.81 0.84 2.37 4 16
15 2.51 2.52 0.54 2.50 2.54 4 16
16 1.45 0.33 0.31 0.34 0.32 4 16
17 0.61 0.62 0.64 0.60 2.84 4 16
18 3.31 3.01 3.30 3.34 3.32 4 16
19 1.33 1.31 2.57 1.34 1.30 4 16
20 4.50 4.52 4.51 0.84 4.54 4 16

A. Sensors verification phase

The platform alerts users that these sensors shonw in the
message are broken down, so it sends text messages SMS and
Emails to managers to repair and maintain or to change sensors
reported and it displays functional and non functional sensors,
after that the Verification Agent send an ACL Message to
inform the Rainfall Agent, the Flow Velocity Agent and Water
Level Agent that the verification phase is completed and these
agents must begin the data Aggregation and Classification
phase.

Fig. 5: Sensors verification phase

Fig. 6: Agents communication durant the verification phase

B. Data Aggregation and Classification phase

As already mentioned in the previous sections, this phase
serves to do the data Aggregation and Classification process
by using the three agents. The plateform shows all the process
with all calculation made, it shows the classification calcu-
lation, the final valid data and the final invalid data. The
three agents sends an ACL Message to inform the Interaction
Database Agent that the data Aggregation and Classification
phase is completed and this agent must begin the database
interaction phase.

Fig. 7: Computing steps for classification



Fig. 8: Final Valid Data

Fig. 9: Final Non Valid Data

Fig. 10: Agents communication durant the data Aggregation
and Classification phase

C. Database Interaction phase

As already mentioned in the previous sections, this phase
serves to save the final valid and invalid data in their data bases.
The plateform shows the final valid list and the final invalid
list.The Interaction Database agent sends an ACL Message to
itself to inform that the database interaction phase is completed

and the whole process is complited and the classification
process must be stopped.

Fig. 11: Valid Data List

Fig. 12: Non Valid Data List

Fig. 13: Agents communication durant the database interaction
phase



From the experiments already performed in the simulation
phase, we noticed that when we increase the ∆C and TC the
error rate also increases and vice versa, however, we treat a
disaster that could put human lives in danger so we need to
handle these data with great caution, thus the tolerance rate
parameters must be reduced in order to select only data that
are reliable.

V. CONCLUSION

In this paper, we have presented a new optimal model based
on multi-agent systems for treatment of Dataset received from
wireless sensors in order to classify data into two classes Valid
and Invalid data to overcome the flood disaster. To make it, we
proposed an optimal model for classification and aggregation
which is divided into 3 phases :

• Sensors verification phase : to identify sensors that are
not functional to report this breakdown to managers
and to eliminate data received from non-functional
sensors from process of classification to get only
reliable data.

• Data Aggregation and Classification phase : for the
classification process by using the proposed model
already presented in this paper.

• Database Interaction phase : finally saving the valid
and invalid data in their database by using the process
already expressed in this paper.

to provide this data to the decision support system to decide
about the impact of flooding since this disaster is the most
expensive type of natural disaster regarding the damages.

The further work will focus on the implementation of a
simulator of the Historical and Real Time Dataset model to
simulate the results and to do necessary comparative studies
to finalize the decision support system for real time flood
forecasting.
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