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Abstract - Air qualify monitoring system are choracterized by a 
large number of information sources. they are typically used by 
experts capable of understanding the efects of single 
pollutants. Using an adequate ontological approach. it is 
possible to define a qvstem having the ability o/ doing data 
mining andgiving informotion to unskilled users too. 
To do this, we propose in this paper a Multi Agent System 
(MS),  layered in five levels, suitable to supply answer to a 
query characterizd by an high semantic level. This is possible 
using progressive interpreting/multiplying techniques of a 
complex query in simple queries according with well known 
compilers and 0,s. theories. We developed a Multi-agent system 
that assists users in generating a unifDrm descriptionfor each 
information source, using descriptive domain ontology Users 
and agents can query the extracted data using a standard 
querying interface. The ultimate goal B to provide useful 
infurmation to users, supporting distributed workflow 
management environments. 

I. INTRODUCTION 

The choice of a monitoring process for air pollutants 
depends on the typology and relevant properties of the 
substance that must be acquired, even if it has crucial 
relevance to identify the kind of information that is gained 
from the measured values jointly with the relevant 
uncertainly level too. Then, to reach an effective control of 
the air quality, the monitoring stations must he able to 
measure and record periodically a lot of the polluting 
substances, by using appropriate and reliable 
instrumentations [I] .  In this way, it is possible to evaluate 
the behavior and dynamics of the measured phenomena 
with suitable accuracy, in order to identify long-term 
pollutant’s biological effects [2]. 

As it is well known, pollutant concenmtions depend on 
emissive sources, geographic conformations, and 
meteorological conditions (particularly wind and rain), 
capable of modifying atmospheric dispersion of pollutants. 
Therefore to evaluate the air quality properly, it is 
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necessary to work out a sophisticated monitoring system to 
measure chemical substances and meteorological 
quantities [3]. 

The analysis of environmental data, recorded in several 
monitoring stations, installed in many Italian cities, give 
real set of data for our application. 

The monitoring stations are distributed in various 
typologies of urban sites (parks, residential areas, high 
road traffic area, suburban zones), according to the 
national prescriptions. 

The measurement network is characterized at least by 
six stations in each city with 250.000 people. All the 
equipments cany out approximately SO measuredminute 
(raw data), that are subsequently elaborated to generate 
hourly medium values (valid data). These values are 
considered valid if at least 75% of the raw data are right. 

In this paper we present an experience in 
environmental data matment, using agent techniques to 
analyze and validate data acquired by the presented 
monitoring net. The software agent technology can he an 
interesting tool for the creation of new models for complex 
software systems. In a project based on distributed 
computer system, software agents are basically designed to 
cooperate (either with others or with humans) in a seeming 
intelligent way. 

This work introduces a model of Multi Agent System 
(MAS), layered in five levels, suitable to supply answer to 
a query characterized by an high semantic level. This is 
possible using progressive interpretinglmultiplying 
techniques of a complex query in simple queries 
according to well known compilers and O.S. theories. 

With this approach a large number of agents will be 
generated and in this regard they will lead to many 
problems, such as the server loading, the scalability 
problems and communication process among agents. For 
this reasons it is indispensable an appropriate 
understanding of what agents will communicate through 
the messages. 

An environment, in which agents are 
speakinglworking, is similar to a public square in which 
men communicate among themselves directly. For 
example if two men are speaking about a clearly definite 
argument, and there is somebody that knows the discussion 
object and is interested to share his knowledge with the 
others, he will answer to the questions of the conversation 
between two men without being directly questioned. 
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Human Language is characterized by an high semantic 
level, instead the language used among communication 
processes is often characterized by a low level of 
implementation. A notable effort is the work developing a 
software capable of representing this sort of 
communication. As described in other works [41, KQML 
has been used to represent data in agent communication. 
The Foundation for Intelligent Physical Agents (F'IPA) has 
specifications for interaction protocols, communicative 
acts, and content messages for agent communication. 
KQML is a subset of both the complexity and 
completeness of these specifications. In this project, the 
decision was made to use KQML protocols. In the context 
of this project, KQML protocols are sufficient to support 
the worMow-based communication. It is necessary to use 
a high-level language according to Chomsky theories to 
simulate this example of spoken communication among 
intelligent agents. 

Aid in this study is the definition of a correct ontology, 
that allows us to define messages and communication acts 
for a specific application with a concise meaning and 
without ambiguity. 

Ontology is a term used to refer to the common sense 
of some domain of interest. Ontology is a collection of 
concepts and their interrelationship, which can collectively 
provide an abstract view of an application domain [5,6]. 

For example many researchers investigate correct 
ontology to extract and access information within the 
Web[7, 81. But there are two distinct problemsltasks for an 
ontology-based model: one is the extraction of semantic 
concepts from the keywords and the other is the actual 
construction of the ontology for a Multi Agent System 
(MAS) architecture [9]. With regard to the f m t  problem, 
the key issue is to identify appropriate concepts for 
problem domain. For the second problem, we would like to 
generate an ontology, in order to make our approach 
scalable, as shown in other works [lo]. 

In. the presented analysis the manual extraction of a 
(specific) ontology is performed in environmental 
application. It is necessary to define a basic ontology, that 
defines a mutual relationship between some types of 
general vision, measured environmental parameters and 
common sense ahout air quality conditions. 

The paper is structured as follows the second and third 
sections discuss the problems of data sources and 
validation. The fourth section gives an overview of agents 
communication (approaches and innovations). The fifth 
section describes system architecture implementation. The 
sixth section describes the used ontology and 
communication acts. Test and conclusions close the paper. 

U. CHARACTERISTICS OF DATA SOURCES 

Exploitable information sources in our context may be 
classified into three categories: structured, semi-structured 
and unstructured. 

An information source is "structured" if one can query 
the information using a prcdefined query language. 
Database and knowledge base are typical examples of 
structured information sources. 
An information source is "semi-structured" if it contains a 
structure that allows for querying, however without a 
querying language as in databases. A source is semi- 
structured if the information can be retrieved using a 
formal grammar. HTML pages, Web forms and languages 
of text description ax examples of semi-structured 
sources. 
A source is unstructured if it does not have any form of 
standard organization and there are no precise relations 
among the data [20]. 

It is difiicult to extract data from unstructured sources. 
Therefore, we do not aim to extract information from such 
sources in this paper. Rather, we want to extract 
information from semi-structured and structured sources. 
This is not only because the task is easier, but also because 
there is a growing number of sites offering semi-structured 
and structured data. In a first approach we have considered 
only structured data, extrdcted by six measurement stations 
that acquire data with homogeneous techniques. If we can 
successfully extract information from such sources, the 
second step will be to study this approach using semi- 
structured data. In this way, a great amount of useful 
information can be exploited by agents. 

m. DATA VALIDATION TECHNIQUES 

The data validation process is  a crucial phase for all the 
scientific applications, especially in the environmental 
field where physical and biological data are strongly 
related. 

The high complexity of the measurement stations (in 
particular for chemical eqnipments) implies, unfortunately, 
that data are characterized by: missing data, caused by 
periodic calibrations of the instruments and/or by working 
periods of the equipment; wrong values, due to incorrect 
calibrations of instruments and/or to faulty-working of tl 
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Figure 1 Interpolation trend of a monitoring Station about CH4 
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same instruments; wrong records of data, (presence of not 
interpretable symbols) due to errors in the transmission 
data phase and/or recording process. 

In order to obtain a suitable data set, it is necessary to 
implement some filters to identify incorrect andlor 
inconsistent data, based on the elimination of 
discontinuous data, values outside of the admissible 
ranges, discordant values with the expected behaviour of 
the monitored quantities. 

There are some interpolation and validation techniques, 
which can he used to approach and to solve these 
problems. To reduce the problem of missing data some 
reconstruction techniques, based both on the continuity 
hypothesis of pollution values and interpolation methods, 
can be carried out. By using these techniques, it is possible 
to work with a continuous and valid set of data and to 
identify a mathematic model, founded on a suitable 
polynomial interpolation, that is able to describe the 
behaviour of daily average concentrations of pollutants 
during the days of the year. 

This technique is useful in this case to validate data 
coming from sensors on the instant b. The acquired data 
are compared with its trend. This was computed by its 
historical dataset for a possible margin of error. There are a 
lot of methodologies, known in literature as A.R. (auto 
regressive method), A.R.M.A. (auto regressive moving 
average), to compute the trend [l l] .  In this paper the 
approach, shown in Fig. I ,  of extracting the fitting 
polynomial curves is used. The agency architecture is 
independent from validation-task: different validation 
methodology, such as the aforesaid, can be used. 

Several tests have been canied out, by eliminating a 
subset of data in a random way, from the complete time 
series, in order to evaluate the reliahility of the developed 
model. By recalculating the interpolation polynomial 
obtained using the so reduced data set, and by comparing 
the results carried out using the original data set, a 
measurement error lower than 4% has been obtained. An 
example is shown in Fig.1, and it describes daily average 
concentrations relevant to the year 2003, in which some 
data are considered as missing [12]. 

IV. AGENT COMMUNICATION 

Although agents have been used in a wide range of 
applications, they are not a universal solution. There are 
many applications for which conventional software 
development paradigms are far more appropriate. 

According with Wooldridge and Jennings [13], every 
agent has been designed with five fundamental blocks: 
local data , processing unit and control unit, a buffer and 
an interface. The local data is a necessary memory, to use 
and acquire the knowledge for software agent to act as 
seller and buyer, using a bilateral communication. I h e  
processing unit includes qualities that allow or facilitate 
achievement or accomplishment of agent's goal. 

Figure 2 UML chart of a typical MAS communication 

The control unit allows agents to interact by making 
reciprocal commitments and carry out particular tasks. A 
buffer is necessary to handle processing data. An interface 
characterizes every agent fur the management of 
communication protocol , 

Analyzing the communication problems, when an user 
asks a query to the MAS, in an open environments into 
which autonomous agents can contract, we must design a 
defined architectural model, that has an important role to 
determine the rules of interaction, between the one 
interacting and the method of interacting [14]. 

This section gives a brief background on the Agent 
Communication Language (ACL) and supporting 
protocols, which traditionally have been the methodology 
of choice for the implementation of agent communications. 
Therefore it explains how this approach is implemented 

The motivation for ACL was to formalize a method by 
which agents can communicate effectively and efficiently. 
The message format supplies the agent with knowledge of 
which agent it is communicating to, a protocol fur 
establishing dialogue, the language by which agents are 
communicating, terms by which other agents will interpret 
expressions, and exception handling. A lot of researchers 
[15, 161 use the well known KQML to do it. 

It is not the scope of this paper to cover the KQML 
specification in entirely but we want to test the use of a 
well known protocol as S M T P  (Simple Main Transfer 
Protocol), to carry KQML. 

Analyzing the action of changing message among 
agents into the MAS when User makes a request, it is 
possible to observe no overlap. Figure 2 shows an example 
of UML chart of a typical MAS communication. 

According to the same Saebs motivation behind our 
architectural approach is as follow: the design of agents in 
a way that can be implemented using the SMTP and 
TCP/IP protocols; agents are taken as subclass of each 
other that simplifies the coding and provides distributed 
task with low processing time [17]. 

using UML. 
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V. THE SYSTEM COMMUNICATION 
ARCHITECTURE 

A multi agent system can he defined as an organization 
composed of autonomous agents and proactive agents, that 
interact with each other to achieve common goals. There 
are a lot of goals that a MAS can satisfy, hut to do it, the 
agents need to know about the environment in order to take 
decisions [9]. 

Basic idea is that all users (humans or computer based 
systems), using WEB, can formulate a query to a system to 
obtain environmental information. For this reasons a 
MAS, based on classes of agents, is used. A class identifies 
agents that have same features and common goals, hut they 
are able to satisfy their own scope with different 
approaches and with different results. In the proposed 
system the researchers have planned a multitude of agents 
with the same features (capable of sending and receiving 
messages in Internet). 

Engineering the MAS, three macro classes are 
identified the fust is Interface area (goal is to interpret 
external queries according to services offered by the 
MAS), the second is Brokerage area (agents with the one 
goal: to manage information traffic flows ) and the third is 
Analysis area (agents with specific features to satisfy 
environmental applications: to validate and to forecast 
pollutant values). As shown in figure 3, to implement the 
system with more scalability, five sub classes are 
introduced Interface( one agent), Broker (one agent), 
Validation (more agents), Forecasr (more agents) and 
Coach (one agent). 

Interface agent translates the message from 
humadnatural language into an Agent Communication 
Language (ACL) [IX]. In order to make the integration 
easier in Intemet, the fust step is to use a drop-down menu. 
In this way an user can formulate a query using an 
assigned form. 

Broker agent decides which agents can satisfy the 
requirement. Broker analyzes a local database in which 
services offered by MAS are stored. And starting by one 
query, it produces as many messages as the request needs. 
The language, that Broker uses to communicate, is 
generated using understandable and common language for 
all agents. 

Validation agents tries to validate data, using the 
knowledge of the geographic position in which sensors are 
placed. 

Forecast agents have their own knowledge, based on a 
forecasting model, known in literature. Each forecast agent 
applies its analysis method, in this way it is possible to 
defme which is the hest forecast method among those ones 
that are used. 

Coach is a complementary agent of the Broker, because 
it is able to assemble the information contained in the 
messages, that the Validation and Forecast agents have 
sent. In the end of the process the Coach sends a message 

Action 

_ 
Ip ........... ....... 

Relia- Time Historical Pollutants Place Range bilihi 
dataset 

lm I 
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is 29. The first ones are 23 standard chemical and weather 
parameters: S&, NO, NO2, NO,, CO COz, C&, NMHC, 
THC, Benzene, Toluene, Xilene, Polycyclic Aromatic 
Hydrocarbons, 03, (Ozone), Radiation, Total Suspended 
Dusts, PMIU, Temperature, Wind Direction and Wind 
Speed, Rain, Damp, Relative Pressure. 

The remainder 5 indicators are linear combinations 
among different parameters to carry out: industrial 
pollution, automotive pollution, combustion pollution, 
general air quality level, meteor-climatic condition. 

Industrial pollution is characterized by an indicator that 
is average of the following products of combustion 
analyzed by fixed stations: Sa, NO, NOi, NO,, CO, CO2, 
C&, PMl0. The partial value is weighed in relation to 
speed and direction of the wind. The indicator introduces 
in output 5 different results: low, middle-low, middle, 
middle-tall, tall. 

Automotive pollution is characterized by the average of 
Benzene, Toluene, Xilene and Polycyclic Aromatic 
Hydrocarbons. 

Pollution due to domestic combustion (boilers and 
kitchen) is set by the average weighed of CO, CO2 and 
C a .  the result is weighed in relation to the temperature. 

Air quality level is average of the last three parameters 
valuating parameters of temperature, pressure and wind 
(speed and direction). 

Meteor-climatic conditions is specified by a chart that 
evaluates temperature, damp, atmospheric pressure and 
wind in speed and direction. 

“Place” is another neoessay parameter to identify the 
query in relation to spatial concentration OF a defined 
pollutant. 

The forecast applications is have been chosen among 
six stations located on the territory that acquire and store 
data. Besides we have the possibility to define some global 
results like the average of all the stations: “town 
condition”; the average of three stations of the urban 
centre, the average among three stations for elevated 
traffic zones, the average weighed in operation of the 
distance among 6 stations to calculate the condition of 
residential zones of southem Taranto. 

“Range” is an auxiliary parameter in the use of the 
techniques of spatial validation. The measure acquired by a 
station is compared with those neighbours using a 
proximity chart. The validation task finds relations among 
the measured datum and the values of the other stations, 
using technique of weighed average applied to some 
stations that are near (next) to the station that has provided 
the value in examination. The validation value is provided 
by the near stations. The weight is function of the distance. 
we can be chosen to use around a little: 3 stations, middle: 
4 stations, or wide: 6 stations. 

The degree of “Reliability” is a further choosing 
parameter, that can be selected, shaping if the datum is 
defined valid. The reliability of the measure is a parameter 
defined by laws, but it can be selected by the user too. 
Cardinality of this field has been defined equal to ten. The 

number of choices is given by the degree of reliability and 
it will have a 99% variation at the least to foresee values 
from the normative Italian to define the datum valid. The 
criteria of evaluation indicators about air quality, have 
been of modified with the D.M. 2 April 2002 ns. 60, that it 
has acquired by Directives 1999/3O/CE and 2000/69/CE. 

‘Time” of the va?idation is a necessary parameter 
tightly to ask for: a spatial validation, a forecast or an 
examination about a pollutant or an environmental 
parameter. 

The “Historical dataset” allows the user to choose what 
dataset an agent has to use for calculating the forecast. In 
our application, the cardinality of this field has been 
defined as equal to IO. The possibilities of choice are: 1 
month, 3 months, 6 months, 1 year, 2 years, 3 years, 4 
years, 5 years, 6 years, I years. 

Using a sequential model, the user sends the query to 
Interface agent, that translates the message into an 
ontology that is able to be understood or interpreted by the 
MAS agent. Then Interfuce agent replies the message to 
Broker, that breaks down the goal of query into elementary 
tasks or essential objectives. Broker sends to Vulidution 
and Forecast agents as many messages as the sub-goals 
are. The agents reply the answers to the Coach. It waits all 
messages and then it assembles the information and it 
replies to Inteeace agent that converts the final message 
to the user. 

W. TESTBED 

This section provides the simulation results of the 
proposed architecture, that satisfied the expectative when 
there are only five types of agent in the environment. 
Applying the architecture to six station in which there are a 
“Spatial Validation” agent and three different “Forecast” 
agents for each station, moreover an “Interface” agent, a 
“Broker” and a “Coach”. We are testing the QoS (Quality 
of Services) of this complex system as shown in [191. The 
QoS (Quality of Service) of the MAS during interchange 
messages communication must be measured. It will be 
verified that the processing time is greater than 
communication time T>(t1+t2)/2. 

We are testing, to evaluate the performance and the 
limits of our proposed approach, increasing the number of 
agents in a common and heterogeneous environment. 

Vm. CONCLUSION 

In this work the authors propose an ontology for a 
multi agent system in environmental application that 
shows how agents, that satisfy simple objectives, can solve 
more complex problems. For doing it, it is necessary to 
introduce only two classes of agents: the first agent is able 
to convert to/from a natural language, the second one is 
able to manage (disassemble and gather up) services 
offered by agents placed in a common environment. 
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Combining these elements with an approach arranged 
in layer it is possible to carry out a scalable system that is 
usable in many other applications. 

The proposed approach shows as a query: - How is air 
qualify in tomorrow?- is divided in a lot of simplex 
queries. The combination of information given by different 
agents to the Coach and the communication Coach- 
Interface-User solve the problem of the system apparent 
intelligence. Some results show the time and the way that a 
message needs to he generated by an user is decomposed 
in other simple message that MAS agents can satisfy. 

An example of communication is shown in Figure 4: an 
user asks for a query to know a forecast of industrial 
pollution in a defined Italian city (Taranto). In the MAS 
the agents generate as many messages as there are 
necessary to satisfy the query of the user. 
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