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Abstract: This paper presents the results of modeling the tropospheric concen-
tration of ozone in dependence on volatile organic compounds - VOCs (ben-
zene, toluene, m- and p-xylene, o-xylene and ethylbenzene) and inorganic com-
pounds — NO, (NO and NO,) CO, H,S, SO,, and particulate matter (PMqg) in
the ambient air, in paralel with meteorological parameters, i.e., temperature,
solar radiation, relative humidity, and wind speed and direction. The modeling
was based on measured results obtained during the year 2009. The measure-
ments were performed at the measuring station located within an agricultural
area, near the city of Zrenjanin (Serbian Banat, Serbia). Statistical analysis of
obtained data, based on bivariate correlation analysis, indicated that accurate
modeling could not be performed using the linear statistics approach. More-
over, considering that almost all the input variables have wide ranges of rela
tive change (ratio of variance compared to range), the nonlinear statistic anal-
ysis method based on only one rule describing the behavior of the input vari-
able most certainly would not present sufficiently accurate results. For these
reason, the employed modeling approach was based on Adaptive-Network-
Based Fuzzy Inference System (ANFIS). The model obtained using the ANFIS
methodology resulted in high accuracy, with a prediction potentia of above 80 %,
considering that obtained determination coefficient for the final mode was RZ =
=0.802.
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INTRODUCTION

Ozone plays an important role in controlling the chemistry and chemical
composition of the troposphere. On the other hand, tropospheric ozone is a
unique pollutant in that it is not emitted directly into the ambient air. Ozone
enters the troposphere from the stratosphere.l A major part of tropospheric
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1324 SAVIC etal.

ozone, however, is aso produced and destroyed in the troposphere by chemical
reactions with different organic and/or inorganic compounds, catalyzed by solar
radiation.2-5

Tropospheric 0zone may have a negative impact on the environment and
public health when present in the lower atmosphere in excess quantities. Human
health, terrestrial ecosystems, and the degradation of materials are impacted by
poor air quality resulting from high ozone levels caused by photochemical ozone
production of human-emitted precursors. In establishing the quality of ambient
air standards, regulations were introduced to set limits on the emissions of pol-
lutants in such a way that they may not exceed the prescribed maximum values.
Due to its harmful impact on human health and on vegetation in rural areas, the
new European Directive 2008/50/EC limits the ozone concentration in ambient
air according to the AOT40 index.58 The AOT40 index could be used to eva-
luate the potential risk that ozone could pose to the vegetation in an investigated
area during the period of plant growth.

According to available literature, most authors calcul ate that the tropospheric
production of ozone by photochemistry is much larger than the ozone influx from
the stratosphere.l This was aso confirmed by NASAs “Globa Tropospheric
Experiment”, which was facilitated during February—March 1994.1 As a result of
this experiment, the column O3 photochemical production rate at subtropical lati-
tudes determined for the western Pacific was found to be nearly 12 times larger
than the nominal average Northern Hemispheric flux of Oz from the strato-
sphere.®

Local changes in tropospheric ozone concentrations, such as stagnation epi-
sodes or atered transport patterns, could also be the result of climate changes and
vice versa. The potential influence on climatic changes, as well as the oxidizing
impact of tropospheric ozone, is significant through the entire depth of the tropo-
sphere. On the other hand, near ground levels of the troposphere have an impor-
tant influence on the air quality.10

A deficit of representative observation locations in some parts of the world,
with observational records of 15 years or more, is hampering the determination
of long-term changes in tropospheric 0zone concentrations on a global scale. This
is especially a case in under developed and transitional countries, where orga-
nized measurement of the tropospheric concentration only commenced during the
first decade of the 21 century.

Accordingly, measurements of the ozone concentration in the ambient air
started in Serbia afew years ago. However, a comprehensive study concerning its
genesis, level of concentration and possible risks that it presents to human health
has not yet been performed because information on ozone dependences in this
region of Europe is limited. The aim of this study was to obtain an insight into
ground-level ozone concentrations in the medium region of the Serbian Banat, a
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ANFIS MODEL PREDICTION OF OZONE 1325

major agro-industrial region in Serbia, and to explore the possibility of deter-
mining dependencies between ozone concentration and important predictors.
According to literature investigations, the ozone concentration is either NOy
or VOCs sensitive, where NOy stands for inorganic components and VOCs
stands for volatile organic components.11-14 For this reason, in parallel with the
0zone concentration, for investigations presented in this paper, measurements of
NOy (NO, NOy), SO, CO, H5S, particulate matter (PM1g) and VOCs (benzene,
toluene, m- and p-xylene, o-xylene and ethylbenzene) was facilitated. In addition,
it was decided to investigate the correlation of the concentration of each gaseous
pollutant to meteorological parameters, as suggested by different authors,12.15-17
Accordingly, the meteorological parameters (wind direction, wind speed, air
temperature, solar radiation and relative air humidity) were also measured.

EXPERIMENTAL

The locality where the measurements were facilitated, Banat, is a region in southeastern
Europe divided among three countries: the eastern part belongs to Romania, the western part
to Serbia (the Serbian Banat, mostly included in Vojvodina except for the small part, which is
included in Central Serbia) and a small northern part belongs to Hungary.

Air quality monitoring and meteorological data

Continuous measurement of the air pollutants investigated in this study was facilitated
using an automatic measuring station, located in the urban part of Zrenjanin city, center of the
region. This station was originaly assigned for acquisition of air pollution levels in the
residential — business zone of the city, originating from exhaust gasses and other sources of
pollution. The following air pollutants are continually measured at this location: BTEX
(benzene, toluene, ethylbenzene and xylene) according to the EN 14662 method; Ozone
according to the EN 14625 method, I SO 13964; carbon monoxide according to the EN 14626,
ISO 4224:2000 method; PMqg (Particulate matter) according to the EN 12341 method,;
NO/NO,/NO, (nitrogen oxides) according to the EN 14211 method and H,S/SO, (sulfur
compounds) according to the EN 14212, SO 10498:2004 method.

Data collection

For modeling the dependence of ozone concentration on different predictors, the data
obtained from the automated measuring station were used. The data were collected during the
year 2009 in the period January—December. Measurement of the seventeen input parameters
(X)) and the one output (Y) parameter was enabled using the above-described measuring
station, with data acquisition in the database at one-hour intervals. Before the model building
phase, all the data points were examined for potential outliers. The measurement intervals,
during which some of investigated input parameters were not recorded, for different reasons,
were eliminated. After this, 1477 data sets remained for further analysis.

Specific details connected with Experimental are given in Supplementary material to this

paper.
RESULTS AND DISCUSSION

The values of the measured input parameters (X;) and the air quality indi-
cator investigated in this work — output of the process (Y) in the form of des
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1326 SAVIC etal.

criptive statistics results — are presented in Table I. According to the results
presented in Table I, potentia risk of the ozone pollution in the air is obvious in
this region, considering that measured hourly ozone concentration was in the
range up to 162 pg m3, which is above prescribed maximal value.

TABLE I. Values of the input (X;) and the output (Y) variables of the model — descriptive
statistics of 1477 data sets

Measured Model . Mean

parameter Unit symbol Range Min. Max. Saigic = D Var.
SO, ugms3  X;; 2204 00 2204 17.651 0.5962 22.9147 525.082
CO ugm3  X;, 3937 0 3937 738.89 12.928 496.835 246845.423
H,S ugm3  X;3 7391 000 7391 1.96360.16270 6.25268 39.096
NO ugms3  X;, 2324 0.7 2331 28495 0.7208 27.7018 767.388
NO, ugms3  X;5 1258 4.0 129.8 32967 0.5473 21.0322 442.354
NOx ugms3 Xy 4463 55 4518 76.516 1.5230 58.5321 3426.008
PM1g ugms3  X;; 3789 00 3789 42078 0.9161 35.2083 1239.627

Benzene ugms3  X,; 1440 0.00 14.40 1.60150.05703 2.19180  4.804
Toluene ugm3  X,, 2933 0.00 29.33 24257 0.07458 2.86618  8.215
m, p-Xylene ugms X4 20 0 20 147 0058 2.233 4.987
o-Xylene ugms3  X,, 955 000 955 0.46820.03126 1.20120  1.443
Ethylbenzene ugm= X5 10 0 10 042 0.030 1.143 1.306

Wind X3, 344 10 354 188.11 1.837 70.605 4985.082
direction

Windspeed msl X3, 539 018 557 1.68430.02270 .87241 0.761
Air °C X33 476 -125 351 15136 0.2498 9.5989  92.140
temperature

Solar Wm2 X;, 844 4 848 136.36 5.452 209.518 43897.918
radiation

Relative % X35 75 17 92 64.96 0434 16.688 278.491
humidity

Ozone ugm3 Y 1607 13 1620 70.111 0.8850 34.0110 1156.750

Defining the linear correlation dependence between the output and the input
parameters with a significant value of the coefficient of correlation (R2) provides
the possibility of predicting a potential excess O3 concentration in the air in the
investigated area using linear statistical analysis methods, such as multiple linear
regression analysis (MLRA). MLRA is one of the most widely used methodol-
ogies for expressing the dependence of a response variable on several independ-
ent variables.2! For defining the linear correlation dependence in the form: output
of the model Y = f(input) of the model (X1.1—X35), a bivariate correlation analysis
was performed. As the result of this analysis, the Pearson correlation (PC) coef-
ficients with the corresponding statistical significance were caculated (Table S-1).
In cases where the values of the PC coefficients of the output and most of the
input variables are above a value of 0.5 with a high statistical significance (p <
< 0.05), the linear modeling approach should be taken into consideration.
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ANFIS MODEL PREDICTION OF OZONE 1327

However, according to values presented in Table S| of the Supplementary
material to this paper, it could be concluded that there was not a high linear
dependence between the ozone concentration in the air (Y) and the input vari-
ables, with the exceptions of the correlations Y-X33 (r = 0.647; p < 0.01) and
Y—X35 (r = -0.496; p < 0.01), although statistical significance was recorded for
most of the correlated pairs. According to these values, it was decided that using
MLRA to obtain dependence between the ozone concentration and the investi-
gated predictors would not result in a high accuracy.

A low vaue of correlation between two variables does not automatically
mean that interdependence of their behavior does not exist. Thisis only an indi-
cator that the linear modeling approach cannot describe their intercorrelation.
Thisis usually good indicator that further modeling should be based on the dyna-
mic behavior of the variables.1® In such cases, modeling could be facilitated
using a nonlinear statistic approach, such as Artificial Neural Networks (ANNS)
—in cases where the input variables do not have wide range during the complete
time interval of observation, 11820 or an Adaptive-Network-Based Fuzzy Infer-
ence System for variables with awide range of change.?1.22

Modeling approach based on an adaptive-network-based fuzzy inference system

In recent years, artificial intelligence (Al) based methods have been pro-
posed as alternatives to traditional linear statistical ones in many scientific dis-
ciplines. The literature demonstrates that Al models such as ANN and neuro-
fuzzy techniques are successfully used for air pollution modeling and forecast-
ing.22-28

According to the measurement series for the variables presented in Table |, it
can be concluded that ailmost al have a wide range of relative change (ratio of
variance compared to range). For example, the relative change of variables
ranges from 37.64 for H»S to 5.32 in case of CO. Accordingly, a modeling
approach based on one rule describing the dynamic changes of the input vari-
ables, belonging to a group of nonlinear statistic analysis methods (such as
ANNS), probably would not result with a sufficiently accurate prediction.2> For
this reason, the further modeling approach was based on an Adaptive-Network-
Based Fuzzy Inference System (ANFIS).

Asabasisfor the construction of a set of fuzzy if-then rules, the ANFIS sys-
tem based on selected membership functions can be used. The ANFIS structureis
obtained by embedding the fuzzy interference system into the framework of
adaptive networks.2® An adaptive network is a network structure consisting of a
number of nodes connected through directional links. The outputs of these adapt-
ive nodes depend on modifiable parameters pertaining to these nodes.30 The pat-
tern in which these parameters should be iteratively varied, aimed at minimizing
the fina error, is specified by the learning rule. Moreover, according to Takagi
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and Sugeno, the fuzzy inference system (FIS) is a framework based on fuzzy set
theory and fuzzy if-then rules.31 The three main components of a FIS structure
are: arule base, a database and a reasoning mechanism. The appropriate number
of if —then rules for levels of ranges of the input variables is located in the rule
base. An example of a rule used in the investigations presented in this paper
might be “registered ozone concentration in the air will be high if the wind speed
is low”, where items such as low and high represent linguistic variables. The
database defines the membership functions applied in the fuzzy rules and the
reasoning mechanism performs the inference procedure.32

In this way, for example, if there are two input variables (X; and X»), and
assuming that their ranges can be divided into two levels, there would be the rule
base with two rules for modeling the value of the output variable Y:

Rule 1. If X1 isintherange A1 and X» isin the range B1, then:

f1=paxy + qixg +ra;
Rule 2. If X7 isintherange A and X» isin the range By, then:
f2 = pox1 + apx2 + 2.

In the case when f (xq,%2) is a first-order polynomial, the model is called a
first-order Sugeno fuzzy model.

The graphical presentation of a general ANFIS network is presented in Fig.
1. The procedure for the construction of such an ANFIS structure is described in
details in the literature,2> where a similar modeling approach was used to predict
the potential increase in the SO2 concentration in the ambient air near a copper
smelter. The ANFIS architecture can be presented with five layers, in which X;
and X, are inputs to the nodes in layer 1, Aj and B; are the linguistic labels of the
ranges of the input variables (small, large, etc.) associated with the node function.
Membership functions of the nodes located in layer 1 (Ol = uAj (%) or 02 = uB;
(X)) specify the degree to which the given X; satisfies the quantifier A;, B;, etc.
Usually, membership functions are either bell-shaped with a maximum equal to 1
and a minimum equal to O, or a Gaussian function. Nodes located in layer 2 are
multipliers, which are multiplying the signals exiting the layer 1 nodes. For
example O;2 = W, = uAj (X)) x uBj (Xj), i =1, 2, etc. The output of each node
represents the firing strength of a rule. The i-th node of layer 3 calculates the
ratio of the firing strength of the i-th rule to the sum of the firing strengths of all
rules. In thisway, O;3 =W, =W / (W; + W + ...), i =1, 2,... Every nodei in
layer 4 has a node function of following type: Oj4 = W, - f; = Wi+ (piX1 + giXo +
ri), where pj, gi and rj will be referred to as consequent parameters. The single
node of layer 5 is the node that computes the overall output as the summation of
al incoming signals, i.e.:
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Fig. 1. Graphical presentation of the ANFIS.

The training of the parameters in the ANFIS structure is accommodated
according to the hybrid learning rule agorithm, which is an integration of the
gradient descent method and least square methods. In the forward pass of the
algorithm, the functional signals advance until layer 4 and the consequent para-
meters are identified by the least squares method to minimize the measured error.
In the back propagation pass, the premise parameters are updated by the gradient
descent method.32

According to the number of input variables, their ranges and the variations,
presented in Table I, it was decided that a two-rule ANFIS network should be
applied. A Gaussian function was selected as the membership function. There
were 17 input variables (X1.1 to X35) with one output variable (Y).

To apply the ANFIS methodology, the assembly of 1477 input and output
samples was divided into two groups. The first group consisted of 1067 (=70 %)
randomly selected samples, and this group was used to train the model, whereas
the second group consisted of the 410 (=30 %) remaining samples from the
starting data set, and this group was used to test the model. The selection of the
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1330 SAVIC etal.

variables for these two stages was realized using a random number generator,
which was based on a Bernoulli distribution. During the training phase, cor-
rection of the weighted parameters (pj, g, ri, etc.) of the connections was
achieved through the necessary number of iterations, until the mean squared error
between the calculated and measured outputs of the ANFIS network was mini-
mal. During the second phase, the remaining 30 % of the data was used for
testing the “trained’’ network. In this phase, the network used the weighted para-
meters determined during the first phase. These new data, excluded during the
network training stage, were incorporated as new input values (X;), which were
then transformed into a new output (Y). Matlab ANFIS editor was used for the
calculations realized in this study.

Accordingly, the network-training phase was performed iteratively until the
moment when the error between measured and calculated values of output vari-
able (the O3 concentration in the air — Y) was not minimized and remained cons-
tant. In the case of the investigation presented in this paper, the optimal number
of iterations (epochs) was 10. The obtained results from the training stage could
be evaluated by comparison of the calculated values of Y with the measured ones

(Fig. 2).

Training data: o FIS output : *

200

600 800 1000
Index

0 200 400

Fig. 2. Dependences between the calculated and measured values for the ozone concentration
in the training stage (measured — o; model predicted —*).

The test set (total 410 vectors), which examined the fidelity of the model,
showed that the model could be used to estimate the O3 concentration quite
satisfactorily. A comparison of the measured and ANFIS model calculated values
for the testing stage are presented in Fig. 3. It could be concluded that excellent
fitting was obtained.

In the training stage, the ANFIS modeling approach predicted the ozone
concentration in the air with a determination coefficient R2 = 0.92 (Fig. 4), which
does represent a large significance. The value of the determination coefficient
(R?) for the test set was smaller to some extent 0.802 (Fig. 5), however, the
results showed that the ANFIS modeling methodology led to acceptable funct-
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ional dependencies between the selected variables and the O3 concentration.
Accordingly, using the model described in this paper, the O3 concentration in the
air could be predicted as the function of investigated input variables, with an
accuracy of above 80 %.

Testing data : . FIS output : *
200

1 1 1 L 1 1
0 50 100 150 200 250 300 350 400
Index

Fig. 3. Dependences between the calculated and measured values for the ozone concentration
in the testing stage (measured — o; model predicted —*).
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Fig. 4. Coefficient of determination between the measured and model predicted O;
concentration in the training stage.

Final validation of the model accuracy was performed on data collected
during two months of 2012. The data were collected during August and Decem-
ber to assess predictability of the model in different seasons. The obtained coef-
ficients of determination were R2 = 0.782 and 0.764 for August and December,
respectively. These values indicated that the developed ANFIS model could be
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1332 SAVIC etal.

used for a sufficiently accurate prediction of the dependence of the ozone con-
centration on the investigated input parameters in the investigated region.
140
120

1004

o
=
1

Y - Model Predicied, mg m*
on
o
1

B
=
1

2 Lingar = 0802

0 20 40 60 80 0o 120 140

Y - Measured, pg m*
Fig. 5. Coefficient of determination between the measured and model predicted O3
concentration in the testing stage.

CONCLUSIONS

Considering the importance of the daily O3 concentrations in the atmosphere
of urban regions, this research was aimed at developing proper prediction models
using the ANFIS model. Since input selection is a significant step in modeling, it
was decided to measure both VOCs and NOy as potential predictors. Addition-
aly, meteorological parameters were recorded. The goodness of final model fit
was evaluated using R2 values. The obtained values of 0.92 and 0.802 in training
and testing stage, respectively, demonstrated that an accurate prediction model
for ozone could be obtained using the ANFIS model. The obtained results could
be used for further analysis of investigated problem. Further analysis would inc-
lude the sensitivity of the model to the separate influence of VOCs and NOx. In
this way, it is planned to obtain a model that would be able to determine the
origin of daily O3 concentration changes, e.g., is the ambient O3 concentration
VOCs or NOx sensitive. Thisis of importance for determining the reasons for O3
concentrations in excess of the limiting valuesin this region.
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SUPPLEMENTARY MATERIAL

Details of geography, air quality monitoring and meteorological data as well as
correlation matrix for the input and the output variables are available electronically from
http://www.shd.org.rs/JSCS/, or from the corresponding author on request.

U3BOJ
NMPEOBUBHALE KOHOEHTPALIMJE [TOBPIIMHCKOT O30HA HA OCHOBY ANFIS
MOJEJIA

MAPHJA CABUR, UBAH MHUXAJJIOBWR, MUJIMIJA APCHER n )KHUBAH )XMBKOBUR

Yuueepsutuetn y beoipagy, Texnuuxu axynimewi y bopy, Ogcex 3a menaymeni,
Bojcxe Jyiocnasuje 12, 19210 Bop

Y pany cy npukasaHM pe3yJsiTaTd MOJeoBama KOHLeHTpauyje Tpornocdepckor o30Ha kao
3aBUCHOCT Off MCIAp/bUBUX OpraHCKUX jemumema — VOCs (deH3eH, TonyeH, m-, p-KCHIIEH,
0- KCWJIeH U eTunbeH3eH); Heopranckux jemuwewa — NO, (NO u NO,), CO, H,S, SO, u PMy,
(particulate matter)) y Ba3myXy napajieiaHo ca METEOPOJIOIIKAM MapaMeTpuMa: TeMIepaTypa,
CYHYEBO 3paueme, pelaTHBHA BJIaXKHOCT, Op3KHa U IpaBall BeTpa. MojenoBame ce 3aCHUBA Ha
HU3MEPEHUM pesynaTaTiMa fodujeHuM y Toky 2009. rogrHe. Mepema Cy 00aB/beHa Ha MEPHO]
CTaHUIIM KOja Ce Hala3| y NoJbONPUBPEHOM NOAPYYjy, Y Onu3uHu rpafa 3pewannHa. CtaTtuc-
THUYKa aHanusa JoOHjeHMX NofaTaka, Ha OCHOBY OMBapHjaHTHE KOpEJNallMOHE aHa/lu3e, [oKa-
3yje ha IIPeLX3HO MOAIeNIOBame He MOXKe DUTH M3BEAEHO TOMOhy IPUCTyTa TMHeapHe CTaTHC-
Tuke. Takohe, c 063upom Ha To a ckOpo CBe ynasHe BapHjadie UMajy IMHUPOK CHEKTAp pesna-
THBHE NIPOMeHEe (OJHOC BapHjaHCE y OFHOCY Ha OINCET), METOJ HelMHeapHe CTaTUCTUYKE aHa-
Ju3e 3aCHOBaH Ha CaMo je[IHOM INpaBWIIy 3a ONHCHBame MOHAllawka yjaa3He Bapujadie, HajBe-
poBaTHHje He U Morao Jja MpecTaBH JJOBOJBHO NpelLu3He pesynraTe. M3 Tor pasnora, Mmoje-
noBame je 3acHoBaHO Ha ANFIS npuctyny. Mognen nodujen xopuurhewem metoponorvje ANFIS
PEe3ynTUpao je BUCOKOM npenusHoinhy, y3 noteHuujanHo npegsuhame usnan 80 %, c 063upom
Ha TO 1a je oGHjeHr Koe(UIMjeHT IeTepMUHAIIHje 3a KOHAYHH Mofen ouo R% = 0,802.

(ITpumsbeHO 26 jaHyapa, peBUAUpaHo 8. anpuia, npuxsaheHo 9. anpuna 2014)
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