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Abstract- This paper describes the development of an artificial
neural network (ANN) model for
forecasting respirable
suspended particulate matter (RSPM) concentration in a
major urban area Pune Maharashtra. This study is targeted
because the small particles affect the health of people and it
constitutes the major concern for air quality of urban area.
The data set consisting of RSPM concentrations for 6 yrs
(2004-2010) used in the study was collected from Maharashtra
pollution control board (MPCB) monitoring station. In order
to provide with an operational air quality forecasting module
for RSPM, ANN models based on a three-layered feed forward
neural network trained by back-propagation algorithm were
investigated and applied. The developed model efficiently
models the trend of RSPM concentrations (R=0.902). The
results obtained from the proposed models showed that ANN
can be efficiently used in forecasting of air quality.
Keywords- Artificial neural network, Respirable suspended
particulate matter, Multilayer perceptron, Generalized feed
forward network.

methods that allow for domain modelling and quality of life
parameter forecasting are becoming more and more
important.
In recent years the trend has been to use statistical
methods instead of traditional deterministic methods to
forecast air pollution. ANN models have been used for
forecasting of a wide range of pollutants and their
concentrations at various time scales, with very good results
[5]. Many researchers have successfully used ANN models
for prediction of SO2[6-7] NO2[8] Ozone[9], and particulate
matter level[10-11] and found that the ANN model is
suitable for predicting air pollutant. In this study, ANN
models with back propagation algorithm are used to forecast
respirable
suspended
particulate
matter
(RSPM)
concentration observed in Pune area using historical data.

II.
I.

MATERIAL AND METHOD

INTRODUCTION

In India many epidemiological studies have
demonstrated that chronic non-communicable diseases such
as cancer, cardiovascular diseases and respiratory disorders
are more dominant than old infectious diseases [1]. The
pattern of economic growth that we are adopting is
increasingly associated with environmental pollution [2]. It
is clear that in the developing or developed countries
increased mechanization, transportation, populations, etc.
causes air pollution which is a major and effective
environmental problem. Study showed that due to air
pollution there is reduction in pulmonary function and
increased respiratory symptoms [3-4]. The increased
sensibility of populations to environmental problems has
obliged the National administration to form laws that govern
whether the pollutant emission of industries for the
maximum values of pollutant’s concentration on the ground.
An accurate pollutant concentrations forecasting by means
of time and location is necessary for designing an adequate
health warning system. On this basis, computational

The potential of three-layered feed forward neural
network trained by back-propagation algorithm in
forecasting RSPM concentration has been illustrated by
developing seasonal time series model for Pune city. Pune
city located in the western region of Maharashtra, India at
18°25'0''N and 73°44'0''E (Figure 1) has a population of
about 37 lakhs. It has large industrial area covering nearly
10000 industries that include TATA, Bajaj, Thermax, L&T,
etc. An adverse consequence of the rapid rise in population
and industrialization is the increase in environmental
degradation, particularly air quality in Pune city. According
to national ambient air quality standards the limit for RSPM
is 100 µg/m3, however some observed values exceed the
limit. The maximum concentration of RSPM observed are
332 µg/m3 and 300 µg/m3 which is dangerous to human
health. Thus prediction of air quality is highly necessary.
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The daily data of RSPM from September 2004December2010 ie 6yrs has been obtained for Pune from
MPCB [12]. The daily RSPM concentration consisting of
2285 data points are used for modelling.

RSPM(t+1)=f[RSPM(t), RSPM(t-1),
RSPM(t-2), RSPM(t-3)]
Where ‘t’ is day for which prediction is done.

Figure 1. Location map of Pune City

A.

Artificial Neural Network Model

The detailed coverage of ANN can be found in many
books (13,14). ANN is a powerful machine learning method
widely used in the problems of numerical prediction and
classification. The network is made up of number of
interconnected nodes (processing elements), arranged into
three basic layers: input, hidden, and output. (Figure 2) The
links represent weighted connections between the nodes. A
processing element simply multiplies input by a set of
weights, and linearly or non-linearly transforms the result
into an output value. By adapting its weight, the neural
network works towards generating an output that would be
close to the measured (target) output. Trial and error
procedure would be adopted with respect to input
determination; pre-processing, percentage training and
testing data sets; network architecture; algorithms; learning
rules; learning rates; and training cycles.
Multilayer perceptrons (MLP) are layered feedforward
networks typically trained with static back-propagation.
These networks have found their way into countless
applications requiring static pattern classification. Their
main advantage is that they are easy to use, and that they
can approximate any input/output map. The key
disadvantages are that they train slowly, and require lots of
training data (typically three times more training samples
than network weights).
Generalized feedforward networks (GFN) are a
generalization of the MLP such that connections can jump
over one or more layers. In theory, a MLP can solve any
problem that a generalized feedforward network can solve.
In practice, however, generalized feedforward networks
often solve the problem much more efficiently. The
methodology adopted in developing the ANN model in the
present study is shown in Figure 3.
The model used for predicting RSPM values of current
day using four previous values of RSPM represented as
follows.

Figure 2. A typical neural network architecture

Out of large number of ANN models developed for the
data sets, best ANN model is investigated in detail. The
goodness-of-fit measures considered in the present study to
evaluate the developed models are mean square error
(MSE), mean absolute error (MAE), and coefficient of
correlation (R) between the forecasted and observed RSPM
concentration. The MAE and MSE are good measures for
indicating the goodness-of-fit at moderate and high output
values, respectively and the values equal to zero indicates
perfect fit. The R value quantifies the efficiency of a model
in capturing the complex, dynamic and non-linear nature of
the physical process being modeled and the value equal to
one shows perfect fit.
In this study two network viz multilayer perceptron
(MLP) and generalized feed forward neural network (GFN)
was used as per the methodology given in figure 3.
III.

RESULTS AND DISCUSSION

After a number of trials by changing the length of data
set for training, testing and also the number of neuron in the
hidden layer the maximum value of ‘R’ was obtained. The
MLP neural network consists of TanAxon transfer function
and momentum as learning rule where the value of threshold
was taken as 0.001. The number of epochs was set to 1000
throughout the trial and error process. The momentum
training algorithm was adopted as it is a faster algorithm.
After carrying out trial and error for different networks (4-21) the neural network architecture was finalized i.e. four
neurons in input layer, two hidden layers and one neuron in
output layer. The maximum value of R is 0.902,
MSE=605.454 (µg/m3)2 and MAE=17.45 µg/m3 as shown in
Table1. As a factor of highest accuracy this value of ‘R’ has
to be 0.95 or even more to achieve the highest accuracy. In
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Figure 3 Flow chart of methodology
this case the value of ‘R’ obtained is quite high and reliable

for short term prediction. Numbers of ANN models were
developed with MLP and GFN. The hidden layers were
Start

One day ahead prediction of RSPM
Concentration

Determining inputs: Input on ANN
varied from 1 to 4 nodes

Data division for training and testing:
Data lengths (56:44 to 80:20) for each
input combination

Identification of Multilayer perceptrons
and Generalized feedforward networks

varied from 1 to 3. The training and testing data set were
varied as shown in the Table1 in order to achieve better
accuracy.
The graph of the model output verses desired output as
seen in Figure 4 and Figure 5 showed that most of the
forecasted values of RSPM were close to the expected
values, which indicate that the modelling has been quite
successful
IV.

CONCLUSION AND FUTURE SCOPE

The use of MLP method of ANN for short term
instantaneous prediction of RSPM values provided reliable
result, although the forecasting has been done for real
source. The value of R (0.902) is highly encouraging i.e.
91% accuracy in forecasting. This method has been applied
for RSPM values for one station only. Whether it is
applicable to other stations and forecasting of other
parameters (NOX and SOX) has to be tested and verified. The
concept of time series has been assumed to follow a certain
pattern. However the effect of humidity, temperature on
RSPM values needs to be investigated

Finding network structure: Hidden nodes
varied to get smallest or least complex
network

Trial and error: Processing elements, momentum
rate to find the best network. Network trained
multiple times to produce lowest error

MLP & GFN architecture, algorithm, transfer
functions, learning rule and rate of learning fixed after
examining various combinations of these parameters

Analysis of models: Comparison of goodness-of-fit
measures (MSE, MAE, R), comparison of time series
and scatter plot of predicted and observed time series

Selection of model: Based on optimal network
parameters, performance of model and plots

End
Figure 4 Scatter plot MLP (4-2-1) model
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TABLE 1. SUMMERY OF ANN MODELS
Training Data%

Testing Data %

Epochs

R

MSE

MAE

70

30

1000

0.881

691.506

18.088

60

40

1000

0.902

605.454

17.450

58

42

1000

0.833

932.335

19.134

56

44

1000

0.879

683.672

17.756

75

25

1000

0.855

908.289

20.536

70

30

1000

0.701

1815.925

24.045

65

35

1000

0.668

2599.384

26.757

60

40

1000

0.759

1479.2179

21.773

Model

MLP
(4-2-1)

GFN
(4-2-1)
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Figure 5 Time series MLP (4-2-1) model
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