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Abstract. The air quality monitoring occurs due to the concern of determining the concentration levels of some
pollutants which was known as indicator. The indicator choice was made because they can be found in the atmosphere
and they provoke harmful effects to the environment and to the human health. The indicators are: sulphur dioxide
(S0,), carbon monoxide (CO), nitrogen dioxide (NO,), particulate matter (MP,() and ozone (O3). There are maximum
concentration limits to these indicators with the purpose to assure the health and population well-being. In Brazl,
these limits had been established by the IBAMA (Environment Brazlian Ingtitute) and approved by the CONAMA
(Environment National Council) through CONAMA resolution 03/90. These indices are always monitored by using a
mathematical tool whose name is Air Index Quality which converts the pollutant concentrations into scales. good,
regular, inadequate, bad and very bad. The objective of thiswork is to develop a new system to monitor the air quality
of Sao Paulo state in Brazl using Fuzzy Logic. Results show similar values for the index when compared with the
classical calculation and agreement for the scales (classification) in the most of simulated cases. The differences
observed are justified because of the highest sensitivity in this model which considers all the indicators in its
calculations.
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1. INTRODUCTION

In the last few years, it has been noticed an asing concerning with the possible harmful effaotgshe heath
because of the pollution air exposition. These fiareffects have been observed after the first imathe last century
during episodes of higher pollutant concentratidricv was observed in the Meuse Valley, in Belgitrinket 1931);
in Donora in the Pennsylvania (Ciocco and Thomp4®61); and in London in the winter of 1952-1953ir{igtry of
Health 1954).

These and other isolated episodes have influerarad sneasures to control the air pollution ambiewels in many
urban centers (Gouveia, et al. 2003). The atmogplpetiution control is extremely important becaisene studies
relate the arising of some diseases, such as.ovastular illnesses (Ballester, et al. 1996), respiy illnesses (Borja,
et al. 1997), and the mortality index increase, ttheepresence of pollutants in the atmosphere (Asude et al. 1996).

Due to these facts it is necessary monitoring theuality in order to make possible to take adeguwection when
the pollutants level in the atmosphere exceedhthgimum limits allowed, which could place in ridketpopulation
health. The Ibirapuera Park which is located in Baalo city, for example, considering the statilistsmeasured from
CETESB, received the highest pollution classifmatin the year of 2010, where it was observed #tome level above
the recommended limit for 49 times. This pollutanknown secondary and it was formed from the ieastbetween
nitrogen oxides and volatile organic compositesthie presence of solar light. Because of its foimnaprocess and
depending on the meteorological conditions, it @rendifficult to control the ozone levels. Pretigyd with a hot sun
and clearly sky are the worse ones to ozone.

The air quality monitoring is carried through thencentration measurement of some pollutants aasl: $aspended
particulate matter, smoke, particulate matter, fuipdioxide, carbon monoxide, nitrogen ozone andxide
(CONAMA, 1990), following quality air standards wehi legally define the maximum limits for the congation of
these pollutants in the atmosphere.

The IBAMA (Environment Brazilian Institute) and tHeONAMA (Environment National Advice) established
national standards for the air quality through COWR Resolution 03/90 (CONAMA, 1990) (CETESB, 201This
resolution establishes two standards to air quality primary and the secondary. The primary a#ligustandards are
the maximum pollutants concentration levels, wheds exceeded, they will be able to affect the pafon health and
constitute a short and medium time goal. The semgndir quality standards are the desired levepaifutants
concentration and constitute a long time goal dndad been created with the purpose to establishptevention
politics of air quality degradation which should d&ygplied to the preservation areas.
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The Air Quality Index is used to publish the airatity, and it is a mathematical tool developed itogdify the
publishing of air conditions. The parameters coaigd by this index structure from the CETESB améplaur dioxide,
particulate matter, carbon monoxide, ozone, nitnogeide. For each pollutant measured is calculatethdex and an
appropriate qualification is obtained, which can §eod, regular, inadequate, bad and very bad. uised the highest
air quality index to publish to the population,nieans, it is considered the worst air quality indéxa determined
station.

As an alternative method to the mathematical tooltfie pollutants measured index calculation, it ba used the
Fuzzy Logic to the Air Quality Monitoring, as itrde seen in (Khan and Sadiq, 2005) (Silvert, 2@B0pin, Demir
and Hiz, 2004). The objective of this work is thevelopment of a new monitoring system to the aaligiin Sao
Paulo State using Fuzzy Logic. This system will abehe indicators concentration to classify tliregaality and will
be used to support in decisions taking during Sitna which take the population health at risk. heat differential of
this developed system is the possibility to clagsgie air condition without using a mathematicall tiw take it, and the
use of all involved pollutants to get the index aodlassify the air quality. This work will collabate with pollution
control programs, for example, urban toll and tlee bands reduction due to the new cycle bands,ulecd is
necessary to have some programs and not only depenetteorology.

2.FUZZY INFERENCE SYSTEM S

Fuzzy logic was originally proposed by Lofti Zadeh1965 with the work “Fuzzy sets” (Zadeh, 1965§ ahen
developed as a tool for manipulating and processigue information in uncertain conditions. Onetloé main
characteristics of this approach is the elementigiamembership which allows smooth transitionsnfrone rule to
another(Yager and Filev, 1994). In this context, the prctthn of the membership functions, i.e., functidinat define
the membership degrees for each input and outpiliecsystem is called “fuzzyfication”. All fuzzytseepresenting the
crisp (physics) variables related by membershigtions are the so called “knowledge basis”.

The knowledge basis has uncertain information hewesignificant for the system modeling. Althoughisth
uncertain is completely solved as the input anguiufuzzy sets and the knowledge manipulationeratre defined.

A fuzzy algorithm processes the membership funstfon each one of the fuzzy sets and the reswdtaggregating
through instructions or rules, producing the sdechirule basis”.

There are basically two types of fuzzy system nwdéferentiating in the ability of representindgfdrent kinds of
information, i.e, in the form of representing thierbasis. The first include the linguistic mode#sed in collections of
IF-THEN rules with vague attributes and have fuezgsoning. In this type of model, fuzzy quantitee associating
with linguistic labels and a fuzzy model is essahtia qualitative expression of the system. Treogrd type of model
is based in the Takagi-Sugeno-Kang reasoning mef8adeno, 1985). These models are constructed diy fales
which are combination of fuzzy and crisp modelsd&@and Filev, 1994).

A set of inference rules is adopted to manipulageknowledge basis. The most used method to regrésehuman
knowledge is through natural language expressisnd=gantecedent) THEN (consequent).

Since decisions are based on the testing of ahefrules in the inference system, the rules mastdmbined in
some manner in order to make a decision. Aggregadithe process by which the fuzzy sets that sspriethe outputs
of each rule are combined into a single fuzzy set.

One of the most used is the Mamdani implicationhmétfor inference in which the aggregated output is

e (@), () = max{minli @ O)is @QN, ok =1t ®

where A and A" represent antecedent fuzzy setsepresent membership functions Bepresent the consequent
fuzzy set for inputsi(i) and a(j).

Often fuzzy process output must be a scalar qyaatil not fuzzy sets. A crisp value for the systmutput is
obtained by the defuzzyfication of the fuzzy outpet. In the literature there are some defuzzytioamethods as, for
instance, centroid, bisector, middle of maximume (dverage of the maximum value of the output detpest of
maximum, and smallest of maximum. Perhaps the rpopular defuzzification method is the centroid oldton,
which returns the center of area under the curvéhis method the crisp value is obtained by th#ereof area given
by the gather of the output membership functions as

. [ #g (y) yely
[t (y)y

being y the value obtained by the defuzzyfication and/ecBnsequent fuzzy sets.

)

3.FUZZY MONITORING SYSTEM
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This section describes the fuzzy model developed.ahiview® software to monitoring the air qualityhd
experimental data was obtained from CETESB welasitkthey refer to cities in Sdo Paulo state — Brathie choose
of days was made randomly. Five variables werindédfas system inputs, they are: sulphur dioxidgyan monoxide,
nitrogen dioxide, particulate matter and ozone.hEane of the system inputs were constructed witinapezoidal
membership functions called: Good, Regular, InadegjuBad and Very Bad. Examples of these inputyfiset are

shown in following figures. (Fig. 1 and Fig. 2).
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Figure 1.Membership functions for the input variable SO
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Figure 2.Membership functions for the input variable CO

The model has only one output variable, called@irality (Fig. 3). This variable was also composééive
trapezoidal membership functions with the samel$adre the input variables (see Fig. 3).
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Figure 3.Membership functions for the output variable ‘aiadjty’

The rule base was composed by only 5 rules. Adswlere design with the same weight and from simple
decisions, as for example, if all input variablesrevconsidered good then the air quality must besfied as

good.
The Mamdani type model developed used the centalmilation as defuzzification method (Section 2).
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The front panel of the developed software is showfellowing figure (Fig. 4) and the influence oblputants
MP,0 and Q can be observed in Fig. 5 through the input-outpagpping surface.

Figure 4.Front panel of the developed software
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Figure 5.Input-output mapping consideringg@d MRg
4, RESULTS

Around 120 tests were performed from data obtaineGBETESB website, corresponding to period from 200
2011. Some of these tests are presented in thetabld (Tab. 2) where they are compared with thaexnand
classification obtained with the classical caldolat

The air quality index has been used by CETESB sl¥d. In the actual calculation, called classinghis work,
for each one of the measured pollutants one inslealculated and correlated with the air quality.

To purpose of divulgation, the highest index inteatation is used. In other words, the air qualfita place, by the
traditional method is defined by the worst caserdvitetails can be found in Kiely (1996).

Considering the same classification used in thesadal model, shown in table 1, we can verify tthet Fuzzy
model produced the same results in almost evetizegatest. The small differences that were fooad be justified
because the classical method calculates the iratesaich pollutant separately e uses the worst By¢he other side
the fuzzy model considers all pollutant for calesuand consequently for classification. By this wing fuzzy model
obtains a more realistic and complete classificatioce it observes the contribution of all polldsan
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Table 1. Air quality classification.

Index [0, 50] (50, 100] (100, 199] (199, 299] (299,
Classification Good (G) Regular (R Inadequate|(l) Bad (B) Very Bad (VB)

Table 2. Results for air quality index in classiaat fuzzy systems.

Localit SG, MP1o NO, co Os  |Classical Classical | Fuzzy| Fuzzy
y (,ug/m3) (,ug/ m3) (,ug/ m3) (ppm) (,ug/m3) index | Classification| index | Classification
Congonhas 5 30 77 1.9 0 38 Good 22|76 Goog
Parelheiros 0 38 25 2.6 73 45 Good 24161 Goog
Osasco 5 40 65 2 0 40 Good 2212 Good
S&o Caetanp
do Sul 3 17 45 0.5 137 86 Regular| 88.67 Regular
Paulinia 4 19 34 0 132 83 Regular| 88167 Regular
Parque D.
Pedro Il 31 138 176 5.4 60 94 Regulaf 9294 Regular
Diadema 0 23 0 0 116 73 Regular| 87,68 Regular
Cubatéo
Vila Parisi 5 91 57 0 0 71 Regular 89.87 Regular
Séo Caetanp
do Sul 20 88 150 9.4 74 107 Inadequagte  123.®@adequate
Ibirapuera 0 56 208 1.7 188 170 Inadequate  142.Inadequate
Paulinia 3 24 30 0 183 158 Inadequate 17R.4dadequate
Sao José
dos Campos 6 16 0 0 172 130 Inadequate  165.5Inadequate
Cubatao
Centro 8 39 53 0 184 160 Inadequate 17b5.4iMadequate
Parque D.
Pedro Il 31 161 214 7.8 3 111 Inadequgte  11B.82adequate
Maua 0 46 90 0 208 201 Bad 227{18 Bad
Santana 0 78 0 0 221 204 Bad 216.01 Bad
Pinheiros 0 47 102 0 262 210 Bad 206.66 Bad
Ipen
USP 0 0 78 1 235 206 Bad 235/54 Bad
Ibirapuera 0 40 0 1.3 272 212 Bad 235.54 Bad
Séo Caetanp
do Sul 6 81 96 1.3 213 205 Bad 203,01 Bad
Ibirapuera 0 17 37 0.5 203 201 Bad 217.99 Bad
S&o José
dos Campos 5 29 0 0 159 99 Regular 106.48nadequate
Maua 0 48 35 0 198 195 Inadequate 20%.62 Bad
Tabodo da
Serra 0 54 74 1.8 0 53 Regular 23,28 Good

In some situations as, for example, in the thretllaes of Tab. 2, the fuzzy model classificativas different of
the classical model. At Sdo José dos Campos and ases the fuzzy index was bigger than the clsdie to the
contribution of other variables as MPAt Tabodo da Serra case the fuzzy index was ldkgar the classical. It was
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classified as Good because the pollutantM® at the beginning of regular set and the otpetkitant associated as
Good contributed to place the index in a Good diaation.

Once it was not found in the CETESB website measerg of Very Bad classification, some data wereutated
for this specific situation. In this case we malde talculus with the mathematical expressions e@fcthssical method
and we compared with the results obtained withftizay model. In all these simulations the fuzzy aine classical
classifications were exactly the same.

5. CONCLUSIONS

A Fuzzy model was developed in this work using lladview software aiming the air quality monitoringhe
model uses as input the measured values obtaited €ETESB. These measured values are: sulphurddipxi
particulate matter, carbon monoxide, ozone, nitnogeide. The main objective was to use all thedcjgellutants to
estimate a new index to the air quality and by gishre classification adopted by IBAMA and CONAMA tompare
the obtained results with the classical model (ewditical calculation).

The fuzzy system developed has some advantagesashgpared with the classical model, which aresésuonly
5 rules to esteem the index, easy implementatiah iaterpretation to the user and the most importanthat it
considers the contribution of all the pollutantsgenerate the air quality index. This importanttdbation did not
occur with classical models because they only asepollutant (the worst value) to the index caltata

Hence, the proposal methodology suggests a newx indieulation which was able to reproduce the dass
system classification in most simulated situatiand has a great flexibility once it is possiblegiee different weights
to one determined rule, for example. These elemantplify the model sensitivity significantly to aguality
classification and make the proposed methodology adaptable to any new standards.
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