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ABSTRACT 
The use of mobile software agents is a promising approach to 
implement services over ad hoc networks. This paper presents an 
analysis of mobile autonomous agents with different degrees of 
intelligence that allow them to make usage of the positioning 
information of vehicle carried sensor nodes with different depth 
of complexity, considering the nodes’ current and future 
locations. The agents’ intelligence is used to decide their 
movement during opportunistic connections among the nodes in 
order to accomplish missions. In this work, the analysis is done 
over an application of “virtual sensors”, implemented by services 
provided by the mobile agents. These agents run on top of an 
infrastructure-less Vehicular Ad hoc Network (VANET). 
Simulation results are presented and discussed to support the 
proposed ideas.   

Categories and Subject Descriptors 
C.2.1 [Computer-Communication Networks]: Network 
Architecture and Design – distributed networks, store and 
forward networks, wireless communication. 

C.2.4 [Computer-Communication Networks]: Distributed 
Systems – distributed applications. 

General Terms 
Design, Experimentation. 

Keywords 
Context Awareness; Opportunistic Communication; Software 
Agents; Ad hoc Networks; VANETs. 

1. INTRODUCTION 

Wireless communication enables new challenging applications 
that explore opportunistic communication. This provides support 
for scenarios in which data is transported from a source to a 
destination via mobile nodes that physically take the data from a 
place to another, without the need for fixed network 
infrastructure. This occurs in a number of delay-tolerant 
applications [1]. However, the dissemination of systems that 
explore such a paradigm demands a greater number of nodes that 
help with the data transport, aiming at increasing the probability 
that the data eventually will be delivered. This refers to the 
systems coverage area, which can vary from a few square meters 
up to the limits of a big city. At this point, the increasing usage of 
mobile communication devices shows its importance. 

However, mobile devices are generally resource constrained, 
which raises a great concern in relation to the efficient usage of 
their resources. This means that such nodes may not offer support 
to an unlimited number of services or users, neither overuse their 
communication capabilities. Another issue is how to handle the 
context awareness that should provide the background 
information to support networking decisions, i.e. communicate or 
not, and with which node to communicate. These are concerns 
that may affect any kind of mobile computing device; from the 
lower end resource constrained ones up to more powerful ones. 

Mobile software agents provide a modular approach to implement 
services encapsulated with intelligent behavior that allows the 
management of the communication concerns related to the agents’ 
movements among network nodes. 

This work explores an approach where mobile software agents are 
used to collect data about a phenomenon of interest by means of 
an infrastructure-less wireless network consisting of mobile 
nodes. These nodes host the agents and, as physical resources, 
provide them with runtime environment and physical sensor 
devices to collect the desired data. The contribution presented by 
this paper is the comparison of different levels of intelligence in 
relation to the agents’ movement decision mechanism. The 
proposal starts from a very basic mechanism to more 
sophisticated ones, in which: 1) very basic positioning 
information is used;  2) it investigates the use of direction 
information and finally 3) an advanced mechanism that considers 
the complete route of the mobile node is taken into account. The 
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scenario studied is a Vehicle Ad hoc Network (VANET) 
application implementing an infrastructure-less service provider.   

In Section 2 concepts and a model of the application that 
motivated this work are presented. Section 3 explains the different 
levels of intelligence of the agents. Experimental results for the 
proposed application are presented in Section 4, while Section 5 
discusses related work in the area. Section 6 concludes the paper 
and provides directions for future work.  

2. APPLICATION  
In this section an application is introduced to give a context for 
the overall proposal. The first part presents important concepts 
while the second describes the application model. 

2.1 Background Concepts 
A mobile agent [2] is a software entity capable of moving from 
one hosting node in the network to another. It starts its execution 
in one node and may finish it in any other node. As an essential 
part, an agent has code that defines its behaviour and also data 
that may be carried during its movement from one node to 
another. The data is called the “state” of the agent, and depending 
on if the agent contains such data or not, it is called stateful or 
stateless. An important characteristic is the autonomy that an 
agent may have in relation to its movement around the network. 
Thus it is possible to talk about mobile autonomous agents [3].  

The agent mobility can be understood as its transfer from one 
node to another via communication among the nodes. This is a 
form of agent ferrying, previously explored in [4] and which 
extended the work presented in [1]. The approach also differs 
from the pure agent movement. Data ferrying explores the store-
carry-and-forward paradigm [5], defining that a node takes 
incoming data, stores it in memory, then the node physically 
changes its position, i.e. it moves, and after the movement, 
forwards the previously acquired data to another node. Agent 
ferrying uses the same concept as data ferrying, but instead of just 
data an agent is communicated. The difference between a pure 
agent movement and ferrying is that in the first one the nodes 
involved in the communication that transfer the agent are static, 
while, in the second one, the nodes physically move before 
forwarding the agent to other nodes. Note that some of the nodes 
involved in the agent ferrying may not move. Figure 1 presents 
examples of both agent movement and ferrying. In part (b) of 
Figure 1, nodes “1” and “3” could be static. Even in this case, the 
situation would still represent an example of agent ferrying.  

 

Figure 1. (a) Agent Movement and (b) Agent Ferrying. 

 

Concerning the agent mobility, two more concepts have to be 
considered. The first is agent migration [6] and the second is 
agent cloning [7]. Both use the same agent moving schemes as 
described above. However, in the latter an agent creates a copy of 
itself, i.e. a clone, and this clone is sent to another node, while, in 
the former, the agent itself is transmitted to another node.    

MANETs [8] are ad hoc networks in which the nodes are 
considered to be mobile. Examples of such networks are those 
formed by person carried PDAs, smartPhones and notebooks 
wireless interconnected, changing their relative positions 
according to the assumed slow movement of their users. A 
specific class of MANET is the one in which the mobile nodes are 
vehicles. This case, which is of particular interest for this work, is 
called VANET [9]. An important aspect of VANETs is related to 
the type of the network that they form, which is disconnected. 
This means that the nodes are temporally linked and those links 
do not offer great reliability, as they may be established and 
dismissed within a short time window. This is an assumption also 
valid for MANETs. However, as the speeds of the nodes in 
VANETs are in general much higher than those in MANETs, this 
problem is exacerbated for VANETs.  

2.2 Application Model 
The application scenario presented is a wireless network of 
mobile nodes that move around a certain area (Total Area - TA) 
according to a given movement pattern. The nodes by help of 
software agents perform gathering of data in determined parts of 
this area, which is called Target Region (TR). It is possible that 
more than one TR is defined in a given TA.  

The data gathering is seen as a service implemented by software 
agents. The performance of this service, according to specific 
users’ requirements, composes a mission that has to be 
accomplished by the agents. The mobile nodes provide support to 
the agents to perform their services, i.e. the nodes offer computing 
resources and physical sensor devices that can be used by the 
agents. Each node is assumed to provide the support up to a given 
budget, which is constrained by its limited resources.   

The missions represented and implemented by software agents 
and their services may be sent to different TRs in the TA, to 
respond to data and service needs from the users. This requires 
that the software agents move from some nodes to others, 
according to the agents mobility need and nodes’ actual mobility, 
in order to reach the target destination (agent ferrying), i.e. the 
corresponding TR to reply to a given data request. 

An illustrative scenario of the abstract model presented above is a 
fleet of taxis running in big cities, such as Beijing, Rio de Janeiro 
or Paris, providing the basic support, while different requests for 
data from different parts of the city are submitted by different 
clients and handled by software agents that migrate among the 
taxis according to the taxis’ displacements across the city. One 
may think about a business in which taxi companies may charge a 
fee for providing such basic support to the software agents. Figure 
2 illustrates one possible application in which the software agents 
have the mission of collecting data about pollutants in an area 
with high concentration of industries (TR). It is also possible to 
observe in the figure the migration of an agent from one car to 
another that drives into the direction of the TR. 
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Figure 2. Illustrative application scenario. 

In such a taxi-fleet scenario the taxis offer the computing 
resources and physical sensor devices to allow software agents to 
implement “virtual sensors”, based on data collection and data 
handling algorithms. These algorithms may include support for 
aggregation/fusion and pattern recognition. Due to the above 
mentioned restrictions of the computing resources, the taxis may 
only host a given limited number of agents at a time. The taxis 
move according to the needs of their passengers and thus the 
routes that they follow may not coincide with the TR of a given 
data request. Thus an agent might have to decide to migrate to 
another taxi that has a more convenient destination, to allow it to 
fulfil its mission. 

Agent migration implies the usage of wireless communication, 
which is a limited resource that has to be carefully used [10]. The 
problem in relation to this aspect is to find the appropriate node, 
in this case a taxi, to handover the agent to, in order to make it 
able to accomplish its mission, and at the same time avoid 
unnecessary communication. The unnecessary migration of agents 
may generate an inefficient usage of the network, wasting 
bandwidth and consuming energy of the nodes. Moreover, as a 
VANET is being considered, the related problems due to the 
disconnected nature of the network have to be taken into account.  

Figure 3 presents the model of the application, in which taxis are 
represented by nodes that move in directions constrained by the 
streets of a city. The figure also illustrates an area indicating a 
target region (TR). Notice that there are nodes that have the agent, 
while others do not have it. Among the last ones, some had the 
agent in the past, but had already transmitted it to other nodes. 

 
Figure 3. Model of the application scenario. 

3. INTELLIGENT AGENT FERRYING 
This work presents agents with three different levels of 
intelligence to decide about their movement among the nodes that 
compose the network. These levels are distinguished by the 
information that they consider to take a decision about to move or 
not. The details about each type of agent are presented in the 
following subsections. 

3.1 Simple Reasoning Agent  
In the application scenario, the purpose is to keep the agents 
inside the regions where they should perform their missions.  

For the first level of intelligence called the Simple Reasoning 
Agent, the agent is just capable to know if the node that is 
carrying it is inside or outside of the TR, and if the next 
destination of a node is inside the TR or not. It represents, for 
example, a situation in which the agent only has a map and no 
access to additional geographic or positioning information 
provided e.g. by a GPS (Global Positioning System), such as the 
route followed by the mobile node or its direction. This simple 
agent is defined as a reference of basic intelligence level when 
compared to the other two that are further presented. This is done 
to highlight the difference in the levels of intelligence by the 
manipulation of data with different level of completeness. 

In this case, the agent performs the following reasoning, 
considering the situations when the nodes meet and the agent has 
to decide to migrate or not: 1) if it is hosted by a node inside the 
TR, it continues in this node; 2) if the node is outside the TR, but 
has a destination inside TR, the agent continues in this node; 3) if 
the node is outside the TR and it does  not have its destination as a 
position inside TR, in the case of the destination of a meeting 
node be inside the TR, the agent migrates to the meeting node, 
otherwise continues in the same one.  

3.2 Probabilistic Reasoning Agent 
The second type of agent is an evolution in the reasoning. For this 
agent, it is considered that it has not only the information 
available for the simple map reasoning, but also the exact position 
of its hosting node as well as the destinations of this node and of 
the meeting node. This is the case in which the agent has access to 
a GPS that informs the positions, but does not provide 
information about routes. 

The reasoning mechanism used by this agent is based on the 
probability of the node to pass the TR, and because of this it is 
called Probabilistic Reasoning Agent. The probability is 
computed by connecting a line from its current position to the 
node’s destination position and evaluating the percentage of the 
line that stays within the TR. The greater the portion of the line 
inside the TR, the greater the probability of the agent to migrate 
to that node. If the computed probability for a meeting node is 
higher than for the current node, the agent migrates, otherwise it 
stays in the current node. Figure 4 presents two examples of this 
strategy. 

Observe that in Figure 4a that the line linking the current position 
of node number “1” to the one currently carrying an agent does 
not cross the TR, while for node number “2” its line has a portion 
that is inside the area. Following the described strategy, the agent 
will migrate from node “1” to node “2”. In Figure 4b, a 
complementary example is presented. In this situation, the lines 
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linking the sources and destinations of both nodes have portions 
inside the TR, but the portion of the line inside the area for node 
“1” is bigger than the one for node “2”. As a result, the agent that 
is currently in node “1” will not migrate to node number “2”. 

 

 
Figure 4. Examples of the evaluation strategy. 

 

3.3 Smart Reasoning Agent 
The third variation of agent intelligence presented in this paper 
considers that the previous ones may not present a good 
performance in all cases. For instance, the probabilistic one may 
fail in cases in which the node takes a route that does not match 
with the line traced between its current location and its destination 
point. This can be the situation in the example presented in Figure 
4b. In this example, node 1 may not even pass inside the TR to 
reach its destination. The probabilistic reasoning agent cannot 
consider this hypothesis, because it does not have information 
about the route that the node is going to follow.  

Observing problems like the one presented above, the third type 
of agent, the Smart Reasoning Agent, considers the complete 
route from the nodes’ current positions to their destinations. This 
feature enables the agent to calculate the shortest path from the 
current position to the TR or even to positions closer to the TR.  

The computation of the shortest path enables the agent to decide 
to migrate to a node that will come more directly to the TR, even 
in the case in which its current hosting node is also moving 
towards the TR. Moreover, the ability to consider destinations 
closer to the TR represents an improvement in relation to the 
other strategies. This is because for the nodes that are not moving 
towards the TR, but may have destinations closer to it and have 
no probability of passing inside the TR, the agent may consider to 
move into them. In this case, for example, the probabilistic 
reasoning agent would stay in its current hosting node. 
Conversely, for the smart reasoning agent, the complete route of 
each node, both the one in which the agent currently is hosted and 
the meeting node, are examined in order to define which one will 
pass closer to the TR. This increases the opportunity of the agent 
to meet another node that is driving into the TR. 

4. EXPERIMENTS AND RESULTS 
Aiming at a comparison among the three different levels of 
intelligence provided by the above described agents, simulations 
were conducted using GrubiX, an evolution of the ShoX wireless 
network simulator [11]. The following subsections describe the 
model of the environment used in the simulations, the 
corresponding simulation setup and then presents, discuss and 
evaluate the obtained results. 

4.1 Simulated Environment  
Simulations were performed taking as scenario a square area 
representing a map of a city, divided in blocks, in which a TR is 
defined. Figure 3 presented above represents this scenario.  

The movement of the nodes, i.e. the taxis in the presented 
application, is modelled according to the following. The nodes 
move along the streets between the blocks that compose the 
scenario. They select a given point of one street and move 
towards it. When a node reaches an intersection, it chooses one 
direction to follow: north, south, west, or east. This choice of 
direction is random but considers the direction that the node is 
driving to.   

If the node is a taxi with a defined destination, it means, a taxi 
that is carrying a passenger or is going to take a passenger, it 
moves preferably in a straight line towards the destination point. 
This is done by assigning a higher probability to the choice of 
moving forward, it means to continue in the same direction, or to 
turn into the direction of the destination. For instance, if the 
destination is in a north-east location in relation to the node, it 
moves preferably straight to the north or east direction, until 
reaching the north or east level of the point. Then, it turns towards 
the destination and follows this direction until reaching it. When a 
node reaches its destination, it starts to search for a customer or 
goes to another destination. 

A taxi that are driving without a specific destination, for instance 
searching for customers, is given equal probability to move 
forward as to turn left or right, and a lower probability to move 
backwards, until it reaches its destination. The backward 
movement has a lower probability in order to avoid unrealistic 
“back-and-forth” movements. Notice that this point is not a 
destination with the same meaning of the destination defined for 
the taxis handling passengers’ requests. This is just a random 
point chosen in the map towards which the node moves to, but it 
is not considered by the agents as a taxi destination to be used in 
their reasoning. 

4.2 Simulation Setup 
The simulated scenario is 1.8 Km X 1.8 Km (TA) divided in 20 X 
20 blocks of 90 meters side each. The considered TR has 
dimensions of 4 X 4 blocks and the number of simulation runs 
were set to 100, each representing 30 minutes of taxi driving. The 
nodes moved in the scenario with speeds varying between 10 and 
50 Km/h, a realistic range for cars driving in urban areas of a city. 
Sixty nodes populate the scenario, and 5 agents were created to 
migrate around them. The communication standard used was 
IEEE 802.11bg, with omni-directional propagation model and a 
range of 90 meters, which is fairly realistic considering an 
environment such as a city in which the blocks with buildings 
hindering the wireless communications, as discussed in [12]. The 
wake-up period to search for neighbors to communicate with was 
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set to 5 seconds. This value was empirically established. It was 
verified by simulations that values smaller than this lead to higher 
overheads without any significant improvement in the main 
results. On the other hand, values greater than this negatively 
impacted the results, as the nodes may have a significant 
displacement depending on their actual speed. A summary of the 
simulation parameters is presented in Table 1.  

Table 1. Simulation Parameters 

Parameter Value 
Area Dimensions 1.8 Km X 1.8 Km 
Block Dimensions 90 m X 90 m 

TR Dimensions 4 X 4 Blocks 
Simulation Time 30 minutes 

Nodes’ Speed 10 Km/h – 50 Km/h 
Number of Nodes (Density) 60 (18.51 nodes/Km2) 

Number of Agents 5 
Nodes’ Communication Range 90m (IEEE 802.11bg) 

Broadcast period  5 seconds 

4.3 Results and Evaluation 
The evaluation of the different levels of intelligence presented 
above was done by means of two metrics: 1) Number of 
migrations per agent in each simulation run; and 2) Percentage of 
the simulation time during which the agents visited the TR. The 
first metric provides an insight about the overhead in terms of 
usage of communication resources, while the second provides 
information on how efficient each type of agent is in keeping the 
agents in the TR. It is important to notice that the first metric is 
considering the overhead due only to the migration of the agent 
itself, and this is why the results are presented in terms of number 
of migrations instead of transmitted bytes per migration. This is 
explained by the fact that in this work it is considered that the 
data (or state) transmitted with the agents during their migration 
are of similar size for all the three types of agents, which is a 
reasonable assumption, considering that they only carry data 
processed by algorithms that they implement as services, e.g. data 
aggregation, and do not carry raw data.  

Figure 5 presents the results for the first metric. The results are 
presented for an average of migrations that the 5 agents do in each 
simulation run according to their different types. Results reveal 
that two types of agents (the Simple and the Smart ones) keep 
lower numbers of migrations, while the Probabilistic one presents 
higher number of migrations. This can be understood by the way 
each agent performs its reasoning. Both the Simple and the Smart 
agent only decide to migrate when they are “sure” about the value 
in migrating to another node, by analysing the information that 
they are capable to analyse. On the other hand, the Probabilistic 
one “risks” more. For instance, if it is in a node that has 50% of 
chance to pass by the TR and it meets another one with 51%, it 
migrates. Taking the average along the simulation runs, the 
Simple agent presents the lower number of migrations, 5.74, the 
Smart 6.7 and the Probabilistic 17.92 migrations.  

Figure 6 provides results for the second metric that evaluates how 
efficient each agent is in keeping the agents in the TR during the 
simulations. Once again, the values for each run are presented in 
the plot. The graphs plotted in Figure 6 are a bit intertwined, but it 
is possible to observe that the Simple agent clearly presents the 
worst results, with the lowest values in most of the runs, having 
an average of the runs equal to 42.04% (and Standard Deviation = 

8.08). The other two types of agents provide better average results 
in keeping the agents in the TR. The Probabilistic agent presents 
an average of 54.32% (and Standard Deviation = 9.37), while the 
Smart agent manages to keep the agents in the TR in average 
during 62.21% of the simulation time (having a Standard 
Deviation = 9.93). It is true that the variation of the results are 
quite high, which is possible to infer not only by the standard 
deviation values, but also by observing the values for each run 
plotted in the figure. However, this fact can be explained by the 
movement pattern of the nodes in the system, which represents 
the unpredictable way the taxis have to move to respond to the 
customers’ needs in a city.    

 
Figure 5. Number of migrations per agent (60 nodes). 

 

 
Figure 6. Efficiency in terms of percentage of the simulation 

time that the agents spent in the TR. 

The cross-analysis of both results makes possible to consider 
using context-awareness to provide support to applications 
running on top of mobile nodes; such as the one proposed in this 
paper. Even the Simple agent, provides fairly good results, which 
are improved by adding the capability to analyze more 
information, i.e. the “upgrade” to the Probabilistic agent, and 
finally these results present even more improvement with the 
upgrade represented by the Smart agent. In spite of the drawback 
presented by the higher overhead of the Probabilistic agent in 
relation to the Simple one, the better results achieved by the 
Smart one in both metrics shows the value in using context 
information.  

5. RELATED WORK  
The Geographically Bound Mobile Agent (GBMA) proposed in 
[4] presents similar goals to this study, in which an agent is sent 
to a given area to collect data and migrate from node to node of a 
MANET to stay in that area. Differently from our approach, the 
agents in GBMA have an assigned region (required zone) where 
they are supposed to perform the migration towards the area of 
interest (expected zone). Moreover, they do not consider different 
levels of information, such as the nodes’ movement direction, as 
considered in the present work. 
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A mobility-centric approach is presented in [13]. This work tries 
to combine the ideas of opportunistic, trajectory based and 
geographical forwarding in a unified proposal. These concepts 
also inspired the proposal of the present paper. A remarkable 
difference between the two works is the proposed usage. While 
their communications have a precise destination, and thus can be 
more suited to data delivering, our approach proposes support to 
data gathering services.  

In [14], the authors present a protocol to disseminate data in 
MANETs using an opportunistic approach based on analysis of 
geo-location of the nodes. The common aspect shared between 
their approach and the one presented here is the exploration of the 
geo-context information to make decisions about whether to 
communicate or not in a MANET. However, differently from 
their approach, the present one does not aim at broadcasting data 
inside a certain area, but at moving data across the nodes to reach 
a specific location. While their technique is closer to flooding, 
ours is closer to routing.   

A survey about application of mobile agents to improve QoS 
features in VANETs is presented in [15]. In this work the authors 
present details about the characteristics of mobile agents and 
VANETs, making a logical link on how to use the first one to 
support QoS in VANET applications. A sketch of an agent-based 
solution is presented, in which different classes of agents are 
designed. These agents have different tasks and move around the 
nodes according to them. The authors, however, do not explain 
how the decisions about the migrations are performed.    

6. CONCLUSIONS AND FUTURE WORK 
An evaluation of three different levels of intelligence to support 
agent mobility in VANETs is presented in this paper. An 
application of the proposed techniques demonstrates its usability, 
and simulation results are used as a basis for a comparison among 
them. The simulation results provide information about how 
valuable the use of context information is to achieve an efficient 
system behavior.  

Future works are planned to explore the environment parameters 
that may affect the results presented by the different agents, for 
instance the node and agent densities. The analysis of these two 
parameters may indicate possible improvements that can be done 
in the proposed approach. The use of the proposed techniques in 
different applications is also a field that presents many 
opportunities to be explored.   
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