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Aestrort This work deals with the development of an expert 
system based on agents for  analysis, validation and 
characterization of environmental data relevant to monitoring of 
the level of almosphericpollution in an urban area with high road 
traf/ie level. A mathematical model ro identifv the local pollutant 
concentrations and IO forecast their temporal dynamics is here 
proposed. In this contexl, suitable “agency” to control, to validate 
and to interpret environmental data, has been developed and some 
correlations existing between the polluting values measured in 
various monitoring stations have been carried out. 

1. INTRODUCTION 

Air quality is one of the main environmental problems for 
people, because of its direct influence on the state of human 
health; in this application both the interface and the 
computation complexity required the use of new and 
powerful computer paradigms. 

In [l] and [2] the use of expert systems and agents has 
supplied a valid solution to improve complex acquiring-tasks 
about suitable parameters. 

Agents are now being widely discussed by researchers in 
mainstream computer science [3]. In monitoring environment 
applications, an “agent” is usually seen as a self-directed 
program object having its own software structure and able to 
solve particular subtasks independently and to communicate 
its solution to a more complex problem-solving process, 
either on its own initiative or on a specific request from other 
agents [4]. 

As well known, the interest and the attention devoted to 
the environmental thematic, to the monitoring and to control 
activities about air quality, are growing quickly. 
Environmental National Agencies are imposing the 
implementation of environmental monitoring stations located 
in a wide geographic area, in order to: 

supply representative real data related to the atmospheric 
pollution processes; 

characterize the causes determining the pollution 
phenomena; 

document the time-behavior of air quality in the analyzed 

territories; 
forecast the eventual emergency situations. 
The choice of a monitoring process for air pollutants 

depends on the typology and relevant proprieties to the 
substance that must be acquired, and on the kind of 
information to be gained from the measured values jointly 
with the relevant uncertainly level. Then, to reach an 
effective control of the air quality, the monitoring stations 
must be able to measure and record periodically a lot of the 
polluting substances, by using appropriate and reliable 
instrumentations [5].  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 [6]. 

As well known, pollutant concentrations depend on 
emissive sources, geographic conformations, and 
meteorological conditions (particularly wind and rain), able 
to modify the atmospheric dispersion of pollutants. Therefore 
to evaluate properly the air quality, it is necessary to work out 
a sophisticated monitoring system to measure chemical 
substances and meteorological quantities [7]. 

The analysis of environmental data, recorded in several 
monitoring stations installed in Taranto, Italy, represent an 
example of a real case. This town has been declared a 
territoly with elevated environmental risk, because of many 
environmental high-impact factories (cement works, steel 
mills, oil refineries etc.) located near the urban area. 

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. Each station consists of: 

chemical equipments to measure the concentrations of 
polluting substances: sulfur dioxide, nitrogen oxides, 
particulate matter (PMlO), methane and not methane carbon 
ozone, monoxide, hydrocarbons and polyaromatic 
hydrocarbons; 

meteorological devices to measure wind speed, wind 
direction, atmospheric temperature, solar radiation, relative 
humidity, atmospheric pressure and rain. 

The measurement network is characterized by 6 fixed 
stations. All the equipments cany out approximately 50 
measures/minute (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. 
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Then, the valid data are transmitted to a huh, where all 
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received data are automatically recorded (using CDR, for 
legal and long term preservation) and arranged in a suitable 
graphic-table for reading and interpretation. 

In this paper we present an experience in environmental 
data treatment, using the agent concept for analysis and 
validation of the data acquired by the presented monitoring 
net. 

The paper is so structured in the following the problem of 
data validation is discussed. AAer the agenuagency 
implementation is presented. Conclusions and future work 
close the paper. 

11. DATA STRUCTURES AND VALIDATION 

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 equipments) 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 the same instruments; 

wrong records of data, (presence of uninterpretable 
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 and/or 
inconsistent data, based on the elimination of: 

discontinuous data, 
values outside of the admissible ranges, 
values not in accordance with the expected behavior of the 

monitored quantities. 
There are some interpolation and validation techniques, 

which can be used to approach and to solve these problems. 

by cbnsidenig the complete set of data (coitinuous line) and the 
reduced one (dashed line). 

In particular, some filters to eliminate incorrect data, based 
on the elimination of both evident discontinuity in the 
collected data and their values outside the admissible ranges, 
have been developed. 

To reduce the problem of missing data some 
reconstruction techniques, based on both the continuily 
hypothesis of pollution values and interpolation methods, can 
he 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, based on a suitable polynomial 
interpolation, able to describe the behavior 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 t,,. The acquired data is 
compared with its trend. This was computed by its historical 
dataset for a possible margin of error. There are a lot of 
methodology, known in literature like A.R. (auto regressive 
method), A.R.M.A. (auto regressive moving average), to 
compute the trend [ZO]. In this paper the approach, shown in 
Fig. 1, extracting the fitting polynomial curves is used. The 
agency architecture is independent from validation-task 
different validation methodology, such as the aforesaid, can 
he used. 

To evaluate the reliability of the developed model, several 
tests have been carried out, by eliminating a subset of data in 
a random way, from the complete time series. 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 then 
4% has been obtained. An example is that shown in Fig. 1, 
about the daily average concentrations relevant to the year 
2001, in which some data are considered missing [E]. Fig. 2 
shows the architecture data-flow. 

111. AGENTS AND AGENCY 

In this work the focus is on the multi-agent architecture 
and on the used agents features. An important capacity of an 
agent in multi-agent environments is the ability to decide its 
own actions based on its own goals. However, when we 
consider the relationships between individual and community 
goals, two issues arise: how the satisfaction of individual 
goals affects the satisfaction of community goals, and how 
the satisfaction of community goals leads to the satisfaction 
of the individual goals [12]. In the proposed architecture, the 
satisfaction of community goals is guaranteed, because data 
are collected by the hub and processed by an independent unit 
in order to generate a continuous, valid, credible data set, by 
means of two different phases: 

Generation of a suitable mathematical model, based on 
interpolation techniques, in order to optimally characterize 
the time and space-behavior of pollutants and to determine its 
uncertainty; 

Trying to find out the causes of eventual numerical 
differences between stored values and those to he attended 
before defining completely the invalid data. The factors, that 
are considered in order to explain the odd values, vary 
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meaningfully, according to the type of pollutant in question 
and to the environment characteristics (for example, peculiar 
characteristic of the monitoring place, season, typology of 
instrumentation, human and meteorological factors and so 
on) 

Hstoric I I 

~~ 

Fig. 2: Block diagram of the application data-flow 

If the validation operations have not managed to find a 
cause for the odd-looking data, or if a malfunctioning of the 
instrumentation has been identified as the cause, the data are 
effectively invalidated [I]. 

The described monitoring system for urban pollution can 
he structured as an “agency” [9,10], in which it must execute 
and coordinate various measurement activities such as 
acquisition, transmission, analysis, elaboration and multilevel 
data validation. 

In the following the basic elements of the multi-agent 
frameworks can be distinguished and presented: a common 
environment, agents, and interactions between agents and the 
environment. 

A .  Common Environnent 

In the classical approach the environment is defined as a 
world in which the agent was designed to work. In particular 
a dynamic environment is characterized to be susceptible to 
change, especially when change is not due to an agent’s 
control. In our approach the environment is represented by 
the database in which all data (raw data from sensor, agents 
treaded data and valid data) are stored, the database 
continuously evolves, so that it must be considered as a 
dynamic environment. 

For the stations used in Taranto the data amount is about 
15 Mbyteslyear for each one. To environment perception all 
the agents have to read the database, this operation is time- 
expensive. 

For this reason a communication room is added in the 
environment and used to speed up the agents awareness of the 
environment. 

B. Agents 

To define precisely what agents are, is a difficult task. In 
our case the Temporal Agent and Spatial Agent are define as 
referring to a component of software which is capable of 
acting exactingly in order to accomplish tasks on behalf of its 
user. They are several dimensions to classify existing 
software agents 

Agents may be classified by their mobility (static or 
mobile agents); they may he classed as either deliberative or 
reactive. And more the agents may he classified along several 
ideal and primary attributes which agents should exhibit 
(autonomy, leaming, and cooperation). 
The developed agents can be classified: 
- Static or mobile, 
- Reactive, because they are sensible at the variation of 

database; 
- Cooperation and autonomy (collaborative agent), 

because ihe Temporal Agent and Spatial Agent can co- 
operate on their own without the need for human 
guidance. Hence agents have individual intemal states 
and goals, and they act in such a manner as to meet its 
goals on behalf of its user. 

- If Temporal Agent and Spatial Agent acquire the 
characteristic of leam they can he classified as smart 
agent [ I l l .  

The temporal validation is based on a temporal models (as 
in section 11). 

In this way the agent, compare acquired and expected data 
(extract applying a forecasting model). If the data are verified 
in the expected range, it is labeled as “valid” and valid for 
processing, otherwise is labeled as “suspected”, this situation 
is reported in the communication room. If an agent with 
“suspected” data is recognized in the communication room 
the second agent analyzes the correlation between the 
“suspect” data and the other collected data fiom the other 
stations using a suitable proximity matrix (weighting function 
generated according to the monitoring stations relevant to 
near positions). 

The validation-agents must he able to receive information 
about the environment. Eighteen actions, private and 
communicative, are defined for all used agent, as in Tab.1, a 
classified in the follow: 
- Private actions: look ahout communication room 

(perceive), read database, update database, update 
communication room (confirm), request temporal 
validation using the method proposed in section 2, 
request spatial validation, validate data, no-validate data, 
lock and unlock records. 
Communicative actions: send a decision to a specified 
station (inform), and request an action to another station 
(request), accepted, rejected and not-understood a 
communication proposal. 

In the first case agent updates database and it informs 
“communication room” about its state, in the second case 
agent defines “suspect” data, so the first agents produce new 
sub-goals that another agent can solve. The suspected data is 

- 
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Private 
Perceive 

Read 
Update 

Confirm 
Request temporal-valid 
Request spatial-valid 

Valid 

I No-valid I I 

Communicative 
Inform 

Request 
Accept communication 
Reject communication 

(Not-Understood) 
(Repeat) 

Lock record 
Unlock record 

Table 1. Set of actions (ontology) 

analysed by a spatial validation agent, which accept or reject 
data using a proximity matrix. The validation methodology 
compares the suspect data with the values obtained from the 
near monitoring-stations, that are displace in Taranto. If the 
measured values are as good as extract value on the same 
instant from the other stations, the agent update the database, 
and the suspect data is acetated, otherwise it considers data 
no-valid and its acquisition is due to malfunctioning of the 
instrumentation. Furthermore, there is the case in which more 
than one data of near stations are over the range of 
tolerability, so these data aren't wrong, hut spatial agent 
accept all acquired data, because there is a anomalous local 
environmental reason to validates data. 

C. Interacfion Bemeen Agents And Environmenr 

The emergence of a number of prototypical agenf 
languages [13][14][15] is one sign that agent technology is 
more widely used, and that many more agent-based 
applications are likely to be developed in the near future. 

One such language is Shoham's AGENT0 system, which 
is the inspiration of this work. 

In this language, an agent is specified in terms of sets of: 
1. Agent's capabilities: actions the agent is able to perform; 
2. Initial beliefs and commihents: logical statements ahout 
the world, that the agent believes to be true or false; 
3. Commitment Rules consist of antecedent conditions that 
are matched against incoming messages and the agent's 
internal states. 

The key component, which determines how the agent 
acts, is the commitment rule set. Each commitment rule 
contains a message condition, a mental condition, and an 
action 1121. To determine whether any rule fires, the message 
condition is matched against the messages the agent has 
received; the mental condition is matched against the beliefs 
of the agent. If the rule fires, then the agent becomes 
committed to the action. Actions may be private, 
corresponding to an internally executed subroutine, or 
communicative, as described in B subsection. 

When operating in multi-agent environments, intelligent 
went.< must eenerallv co-ordinate their actions; they must 

communicate the proper knowledge and information. To 
communication content identification is not an easy task [ 161, 
because it requires every agent to have a message model of a 
recipient and to infer the impact of a message on the recipient 
based on that model. In this work, using a homogenous class 
of agents and a simple ontology, the communication 
primitives can be represented of the publishing of the single 
agent cognitive structure. Each agent generates an 18-bit 
length word representing its status and its message to the 
agency. A small bit matrix, called communication room, 
reports all the agent actions and not the data. In this way the 
data can be read, from the database only for the bare 
necessities. 

Communication between agents could present sequences 
of commitments and timing problems appear when this 
communication takes longer than usual. 

An agent sees communication room, in this way the agent, 
like to look ahout the environment and when invoked it 
requests to initialise a transaction with database. Several 
agents can request the records on the same time. 

The resolutions of conflictive situations are solved using 
the operative system primitives: when the spatial validation 
agent tries to access to the same records used by a temporal 
validation agent on the same time, the operative system lock- 
unlock records [IS]. 

IV. STEP-BY-STEP REASONING 

The reasoning procedure to control this tool has been 
accomplished by using a language like AUML (Agent unified 
modelling language), in particular using AIP (Agent 
interaction protocol) [19]. Figure 3 describes agency 
component works, in function of time, step-by-step. 

In the first step of the procedure, sensors store acquired 
data on the database, in the second step temporal validation 
agent look about communication room and then it requests to 
read and lock someinew records that it must be temporal 
validated. 

In the next step it updates communication room and it 
changes its state. In the following step the agent NIB 

validation-task and it updates the database. After validation, it 
un-lock the records. Moreover it informs the environment, 
communicating the results of validation and its new state. It 
had defined if the data is valid or no-valid for its knowledge. 
In the first case the next step of the agent wait for another 
data. Otherwise agent it produces a suh-goal that the spatial 
validation agent can solve. 

Subsequently, the steps of spatial agent are the same of 
the temporal validation agents so: 

look about communication room (perceive); 
read and lock dataset; 
update communication room (confirm); 
run its own task to valid data in function of proximity 
matrix; 
update and un-lock dataset; 
update communication room (confirm); 
wait for another data. 
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Fig. 3: Diagram about interaction between agents and environment 

V. IMPLEMENTATION WITH MATLAB 

The implementation of agency whit Matlab/Simulink is 
possible, because graphical tools provided Simulink allows 
the design of agents architecture. Really, we can program as 
a sequence of block diagram. 

A main reason to use Matlab/Simulink soflware, yield on 
the fact that one of its facilities, brings the opportunity to 
generate a C-code ready to he compiled and executed even 
with real time features. 

Moreover, this environment contains further advanced 
and specialised methods of message passing between agents, 
as for example: agent actions take place as part of State flow 
diagram execution. The action can be executed as part of a 
transition from one state to another, or depending on the 
activity status of communication room. 

Furthermore, the rules for interaction between the 
different agent can be described with a language that can 
include all the available elements: to inform, request, accept, 
reject and each other. 

The declarative knowledge (rules of reasoning) of agents 
has to be implemented using Matlab/Simulink which does not 
include object-oriented programming capabilities. Therefore, 
differences between both paradigms (agents and simulation/ 
control) in the analysis phase are solved by splitting objects 
and developing reasoning in a sequential order. 

VI. CONCLUSIONS 

The proposed approach allows us to investigate on data 
validation techniques based on the use of agentdagency. The 
results confirm the utility of A.I. applied to environmental 
data management, usually characterized by: 
- 

- 
high complexity of the monitoring stations; 
presence of missing and/or incorrect data with high 

volume of the acquired data that often involves the 
competences of chemistry and environmental expert to a 
suitable data-validation process. 

In the proposed approach two agents family, arranged in 
an agency, have been provided to validate the data in 
asynchronous way and to generate a valid predictive model of 
the pollution. 

Subsequently, the authors will propose the development 
of a web-based service implemented in Taranto, in order to 
provide a suitable system for town-dweller and for public 
administrator. 
Therefore, this could be a first step to a general application of 
agents in the world of environmental control and monitoring 
system by using tools that are common in the former area. 
The drawback is that object oriented programming are not 
extended enough and agents have problems to be applied in 
practical implementations. This paper shows a possibly first 
success in practical applicatiodimplementation of agents in 
environmental control. 
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