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Abstract— A well know problem in the Wireless Sensor 
Network (WSN) research area is the usage of appropriate 
strategies to setup the sensor nodes such that they may 
accomplish sensing missions. This problem refers to the selection 
of appropriate nodes to perform the different tasks required to 
the missions’ accomplishment and may be thus characterized as 
an instance of the task and resource allocation problem. 
Traditional approaches consider pre-planned strategies, which 
are not flexible to deal with changes in the network and 
environment operating conditions. This paper presents an 
enhanced agent-oriented strategy, which consists of a usage of 
mobile intelligent agents to disseminate missions and nodes’ 
information over the network, as well as stationary software 
agents installed in the sensor nodes to provide advanced 
reasoning apparatus for decision making purposes. The 
proposed enhancement complements the original agent-based 
approach with robustness features required to overcome 
extreme adverse conditions in which an ordinary WSN presents 
poor results. Results from simulations provide evidences of the 
efficiency of the complete enhanced approach.  
 

I. INTRODUCTION  

A paramount challenge in the WSN research field is how 
to provide flexible strategies to perform the network setup and 
configuration with low overhead [1].  Traditional approaches 
to handle this problem use pre-planned strategies, which are 
deliberately modeled, designed and tuned before the network 
deployment, as discussed in [2]. The outcomes of this kind of 
approach are inflexible protocols that impose high overhead to 
the network and do not allow an easy adaptation of the sensor 
nodes’ behaviors in case of changes in the operational 
conditions, which are very common in WSN applications [3]. 
An agent-oriented approach presents a promising approach to 
cope with this problem. Indeed, earlier studies have 
demonstrated how valuable this alternative is, as presented in 
[4]. In [5] an innovative agent-based approach was proposed, 
which explored a probabilistic reasoning mechanism to drive 
the agents’ decisions in each node, so that the  emerging 
behavior from the network was able to address the needs of 

the submitted sensing missions. The results presented in the 
same paper provided evidences of the efficiency of the 
proposed idea. However, further experiments presented 
fragilities of this solution in cases of extreme borderline 
situations. The study of other agent-based approaches that 
aimed to address the WSN setup/configuration problem, such 
as [6], evidenced that they would present fragilities when 
submitted to similar extreme situations. 

Motivated by the above fact, this work complements the 
previous achievements with agent-oriented approaches, 
especially those reported in [5], covering the mentioned gap in 
handling extreme borderline situations, by an enhancement of 
the original technique. This enhancement uses the mobile 
agents to disseminate information about sensor nodes that are 
more capable of performing the missions according to their 
placement. This enhancement mimics the system of air flows 
and winds with different temperatures in the atmosphere, 
providing the robustness that was missing in the original 
proposal presented in [5]. 

The remainder of the text is organized as follows. Section 
II presents a summary of the general problem and a brief 
description of the original solution, followed by a detailed 
description of the problem to be addressed by the extended 
solution. Section III presents the proposed enhancement to 
address the described specific problem, while Section IV 
shows the achieved simulation results. Section V discusses 
related work, while Section VI concludes the paper and 
introduces future works.  

II. PROBLEM STATEMENT  

A.  The General Problem: WSN Setup  

The focus of this paper is to analyze the problems related 
to the network setup phase, which may be understood as the 
(re)configuration of the sensor nodes so that they accomplish a 
specified sensing mission. This phase consists of basically two 
main steps: 1) the dissemination of the user needs; and 2) the 
work distribution among the sensor nodes. Considering the 
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abstraction that is used in the proposed approach, described in 
detail in [5], the user needs are translated in terms of a mission 
that the network has to accomplish. So, from now on, this term 
will be used in the text to describe what the user wants from 
the network. The mentioned steps can be described as follows. 

The first step regards the dissemination of the mission over 
the nodes in the network. A trivial solution would be to send 
mission directives to all nodes without any concern about their 
features and conditions. However, this is not a very clever 
solution, considering that not all information concerning a 
given mission is of interest to all nodes. 

The second step regards the (re)division of the work 
among the nodes after receiving a mission. A trivial solution 
would be to take centralized decisions and send the specific 
part of a given mission (a sub-mission) to the specific node 
that will take care of it. However, a central decision maker, an 
“oracle”, must have information about the network as a whole, 
as well as the operation and environment conditions in order 
to issue a good decision. This would require unnecessary 
resource consumption, especially in terms of traffic of control 
information, while it is expected that a distributed decision 
taken among nodes overcomes such overhead.    

B. Original Proposed Solution 

An agent-based solution for the above described problem 
was presented in [5]. In summary, the specified sensing 
missions are sent to network via mobile software agents, 
which move or migrate from node to node until the whole 
network is informed about the mission. An intelligent 
mechanism of these mobile agents is responsible for the 
decision whether the node should receive the agent and 
consider taking part in the mission or just forward the agent. 
Besides, this agent represents the mission, and, if the mission 
is taken by a node, the agent executes the mission on the 
respective node. This agent is called mission-agent. The 
movement of the mission-agent in the network solves the first 
part of the problem, which is the mission dissemination. 

Once a node receives the mission-agent and keeps it, this 
means that the node is eligible to take part in the mission. 
However, this does not imply that the node will perform it. 
Then comes the second step, which is the decision whether the 
node will assume the mission or not. This decision is done by 
a computation of the relative quality of the node to perform 
the mission, when compared to its neighbors and according to 
the mission parameters. The information about the neighbors 
is acquired by a node via piggybacked data on the 
transmissions of the mission-agents. This reasoning is 
performed by a local agent installed in the sensor nodes, 
which is called planning-agent.  

C. Specific Problem: How to Overcome Extreme Situations? 

In the description of the general problem, the two steps 
that are needed to solve it in a proper way have been 
highlighted. The approach proposed in [5], and shortly 
summarized above, presented a fairly efficient solution for the 
described problem, considering a general case for the sensor 
nodes distribution. The assumption for this solution was that 
the sensor nodes were randomly distributed in a given area. 
This provides a heterogeneous distribution of the sensor 

nodes, according to the abilities to handle a given sensing 
mission depending on the requirements of the mission. For 
instance, a mission that requires nodes with a given level of 
accuracy and enough remaining energy may find sensor nodes 
that are more or less suitable to perform it well distributed in 
the area of interest. Figure 1(a) presents this idea.  

 
Figure 1.  Sensor nodes distributions: (a) Random Distribution; (b) 

Concentrated Distribution. 

As shown in Figure 1(a), the sensor nodes are randomly 
distributed in the area according to their capabilities to 
accomplish a given mission, which is represented by the gray 
scale, in which lighter nodes represent those with better 
capabilities. The capabilities can be energy level, sensor 
device accuracy, or any other to be considered. For the 
distribution presented in Figure 1(a), the proposed solution in 
[5] presents good results, engaging the sensor nodes that are 
more suitable for a given mission, according to local 
decisions. However, additional performed simulations 
reported in [8] found that, for a small number of runs, the 
solution performed very poorly. This motivated a further 
investigation, which identified that those poor results were due 
to the distribution of the nodes. This distribution was 
characterized by having a big concentration of nodes with 
opposite features in different parts of the area of interest, i.e. 
regions with similar nodes. An example of this situation is 
shown in Figure 1(b). Further simulations with this specific 
distribution confirmed this finding, motivating the current 
study for an appropriate solution that works also for this type 
of borderline situation.  

 Indeed, the additional simulations provided further 
information about the influence of the nodes distribution and 
in fact, about the real nature of the distributions . A 
distribution such as shown in Figure 1(b) was extremely rare, 
but others with similar nature occurred often and did also 
provide poor results. Figure 2 presents one such example in 
parts (a) and (b) of the figure, which is contrasted with parts 
(c) and (d) that represent a similar distribution to the one 
shown in Figure 1(b). An explanation for such situations can 
be that a specific part(s) of the network has (have) too much 
activity, or it (they) is (are) overused for routing, for instance. 

 
Figure 2.  Concentrated nodes distributions: node level view – (a) and (c); 

macro view – (b) and (d). 

Observing the macro view presented in Figure 2(b), it is 
possible to notice that the areas with concentration of nodes 
form areas (white and black – nodes with the same 
features/conditions) that are distinct from the general case 
(gray – mix of nodes). The occurrence of these distinct areas is 
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the source of the specific mission assignment problem to be 
addressed.  

III. ENHANCED SETUP STRATEGY  

The idea of the proposed enhancement to the original 
strategy presented in [5] is to overcome the specific problem 
described in Section II-C by spreading information about the 
nodes’ conditions in the network. It is useful in order to make 
the network be able to more accurately assign missions to the 
nodes that should perform them, when a unbalanced node 
distribution occurs, such as those presented in Figure 2.  

Suppose a mission that requires the selection of the best 
sensor nodes in a region of interest in order to provide 
representative samples of a phenomenon of interest, 
disregarding their specific location in the area. This means that 
the goal is to engage the best nodes to perform the 
measurements, even if they are concentrated in the given 
places or far apart in the network. According to the original 
approach, the best nodes in different parts of the area of 
interest would be selected, which means that in an unbalanced 
distribution bad quality nodes would be selected because they 
would be the best in their vicinity. However, the goal would 
be to avoid these nodes and just select the good quality ones.  
An analogy that can help in the understanding is the difference 
between global and local maximum values of a function. The 
original approach is able to find the local maximum values 
(the best nodes in the different parts of a region of interest). 
However, as it was described above, what may be needed is to 
find the global maximum value, which is represented by the 
set of the best nodes in the whole area of interest. 

Increasing the awareness of all nodes in the network about 
all others` (or a number of them) conditions would make the 
original decision making approach work properly even in the 
case of unbalanced distributions. This would be possible as 
high capable nodes would know that they are concentrated, 
and, like this, they could take the decision to engage in the 
mission even though they are close together. On the other 
hand, low capable nodes would not take part in missions when 
they are aware that there are better nodes in the network, even 
being far from them, and not in their neighborhood.  

To provide this necessary awareness, the proposed 
enhancement is to use a software agent (called wind-agent) 
that spreads information about the sensor nodes, in a way 
similar to air flows in the atmosphere. Masses of air move 
according to their temperature spreading themselves to zones 
with the complementary characteristic. As an example, Figure 
3(a) shows the encounter of two air masses with 
complementary temperatures. However, instead of just 
exploring the encounter of different air masses, the idea is to 
explore the spread of the information about the sensor nodes 
in different directions around the zones with concentration by 
sending the wind-agents, and like this covering this problem. 

In an area of interest, there may be several areas with 
concentration of similar nodes, as presented in Figure 2 (a) 
and (b). The enhanced strategy works as follows: After a 
mission is disseminated, the sensor nodes verify if they are in 
a homogeneous region, i.e. a region with concentration of 
similar nodes. From those nodes, a percentage of them are 

selected to send the wind-agent. The agent is then sent 
searching for complementary regions, in a similar way to the 
air flows. Its hops from a node to another are controlled, so 
that it does not move towards the region where it came from. 
This control also chooses neighbor nodes which were not 
visited yet, which avoids a random walk. When a wind-agent 
reaches a complementary region, it is disseminated to the 
neighbors of the node that received it. The information carried 
by the wind-agent will then influence the decision of these 
nodes in taking part in the mission or not. If a wind-agent is 
carrying information about a high capable region, i.e. hot 
wind, it will influence the nodes of a low capable region to not 
take part in a mission. Conversely, if a wind-agent is carrying 
information about a low capable region, i.e. cold-wind, the 
nodes that receive it in a high capable area will be influenced 
to take part in the mission. 

 

Figure 3.  (a) Air flows system in the atmosphere; (b) Employment of the 
analogy of the air flows in a WSN with sensor nodes` concentrations. 

IV. EXPERIMENTS AND RESULTS 

Aiming at evaluating the positive impact as well as the 
overhead imposed by the proposed enhancement, simulations 
were performed and the results compared with the original 
approach. To make the comparison valid, the same scenarios 
and conditions used for the simulations reported in [8] are also 
used in the current work. In the following, a summary of such 
setups is presented.  

The simulations were performed using an extension of the 
ShoX simulator [9], using the IEEE 802.11b communication 
standard. The area of interest has dimensions 5 Km x 5 Km, in 
which 8000 sensor nodes are randomly deployed with 
independent uniform probability (homogeneous Poisson point 
process in two dimensions, which generates a geometrical 
random graph). From these nodes, 2000 ones have the sensing 
capabilities (temperature and humidity sensors for the 
considered simulations) required to perform the described 
mission, so they are called eligible to the mission. The goal is 
to engage half of the eligible sensor nodes to accomplish the 
mission, taking the best ones. So, the target number is 1000 
sensor nodes. From these common setup parameters, two 
different base simulation setups were derived. 

The first setup has each node starting the simulation with 
different levels of energy and sensor device status, which are 
the selected features considered for the mission allocation. The 
energy levels are randomly distributed from 10% to 100% of 
the battery. The sensor device status, which is also randomly 
distributed in the same range of the battery level, directly 
maps to the level of accuracy that the sensor is able to provide. 
This first setup is called “setup-Random” in the presentation 
of the results. 
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The second setup presents a scenario in which the network 
is divided in two areas, as presented in Figures 1(b) or 2(c) – 
which represents the worst case as discussed in Section II-C, 
according to the distribution of the eligible nodes for the 
mission. Half of the nodes eligible to the mission are 
concentrated in one part of the area, with full energy and 
sensor device status, while the rest of the eligible sensors are 
concentrated in the other half of the area, with 10% of battery 
and 10% of the sensor device status. In the presentation of the 
results, this second setup will be called “setup-Half”. 

Figure 4 presents the results achieved for the simulation 
runs with (EnhancedApp) and without (OrigApp) the proposed 
enhancement. These results are the normalized goodness (how 
good the solution is in relation to the optimal solution for each 
run. The figure shows the results for each experiment run (100 
runs in total). It is possible to observe that the results achieved 
by the original approach for the setup-half (Setup-
Half/OrigApp) are worse than those achieved by the enhanced 
one (Setup-Half/EnhancedApp). In average the results were 
73% for the Setup-Half/OrigApp and 78% for the Setup-
Half/EnhancedApp. This represents a gain in performance in 
the very adverse cases, while keeping the functionality in the 
general case, which can be stated by comparing the results for 
the random distribution (Setup-Random/OrigApp and Setup-
Random/EnhancedApp), which presents averages of 87% 
each. 

 
Figure 4.  Normalized node quality (goodness) for each run. 

Figure 5 presents the number of application packets sent 
and received for each of the setups described above. The 
difference between the number of sent and received packets is 
due to the nature of the broadcast: a single send triggers the 
reception of a packet in all nodes located in the sender node 
communication range. It is possible to observe that the results 
for Setup-Random and Setup-Half are very similar, which was 
expected, as they used the same original approach. Setup-
Half/EnhApp (Setup-Half/EnhancedApp) presented a slightly 
higher overhead that was caused by the additional packets 
used to move the wind-agents. However, this overhead was 
below 10%, which can be considered affordable in 
comparison to the achieved benefits.  

 

Figure 5.  Overhead in terms of sent and received application packets. 

V. RELATED WORK  

Agilla [4] and its evolution [6] present an approach that 
uses mobile software agents that are able to setup the sensor 
nodes according to the data availability and locality. It is 
closely related to our original approach [5], but, as already 
mentioned, it may perform badly due to the lack of 
information about other nodes in the network in extreme 
adverse cases, as detailed in Section II-C. It uses an epidemic 
agent dissemination which represents big energy consumption. 
The use of a solution like ours could help in this issue.  

In [7] a BDI-agent WSN model is presented. The agents 
installed in the sensor nodes are able to decide about the 
actions that the nodes have to perform in order to accomplish 
the specified sensing tasks. Similarly to [4], a flooding 
mechanism is used to spread information. If compared to our 
approach, this method is not as efficient because our approach 
avoids network flooding and thus saves energy. 

VI. CONCLUSION AND FUTURE WORK  

This paper presented an enhancement of the agent-based 
approach for WSN setup presented in [5]. The proposed 
enhancement provides robustness features against corner cases 
without imposing an expressive overhead, as the results show. 
Future work is planned to study the effect of node mobility in 
the presented setup strategy, as all simulations so far 
considered static nodes. 
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