
Usefulness of Artificial Neural Network (ANN)
capability for Time series estimation

Abstract-

This paper explores some well known systems of
manufactured neural systems, which are effectively
connected in various estimation models in business and
fund areas. While applying ANN strategies the same has
been contrasted and customary estimation techniques. The
execution has been assessed by precision, blunder rate and
preparing time for estimation. The need of estimation in
an assortment of utilizations has been talked about. The
outcomes demonstrate that the ANNs are more powerful
than conventional strategies.

I. INTRODUCTION

a. Artificial neural networks

Neural networks are nonlinear sophisticated
modeling techniques that are able to model complex
functions. They can be applied to problems of prediction,
classification or control in a wide spectrum of fields such as
finance, cognitive psychology/neuroscience, medicine,
engineering, and physics[1-4].

Neural networks are used when the exact nature of
the relationship between inputs and output is not known. A
key feature of neural networks is that they learn the
relationship between inputs and output through training. To
train the neural networks, the two types of training are used by
different networks such as supervised and unsupervised. Most
commonly used training method is supervised training[5-8].

Some examples of neural network training
techniques are back propagation, quick propagation, conjugate
gradient descent, projection operator, Delta-Bar-Delta etc.
These techniques are applied to network architectures such as
multilayer perceptrons, Kohonen networks, Hopfield
networks, etc.

b.Time series estimation

Time series estimation or time series prediction,
takes an existing series of data and forecasts the data values.
The goal is to observe or model the existing data series to
enable future unknown data values to be forecasted
accurately. Examples of data series include financial data
series (stocks, indices, rates, etc.), physically observed data
series (sunspots, weather, etc.), and mathematical data series
(Fibonacci sequence, integrals of differential equations, etc.).
The phrase “time series” generically refers to any data series,
whether or not; the data are dependent on a certain time
increment. Many techniques have been implemented to
perform time series estimation[9-13].

c. Time series models

Time series models are used for predicting or
estimation the future behavior of variables. These models
account for the fact that data points taken over time may have
an internal structure. As a result standard regression
techniques cannot be applied to time series data and
methodology that has been developed to decompose the trend,
seasonal and cyclical component of the series. Modeling the
dynamic path of a variable can improve forecasts since the
predictable component of the series can be projected into the
future[14-19].

II. ISSUES IN TIMESERIES ESTIMATION

a. Difficulties in Time Series estimation

Several difficulties can arise when performing time
series estimation. Depending on the type of data series, a
particular difficulty may or may not exist.

1. Limited quantity of data

The first difficulty is limited data. The estimation
cannot be done with limited data. For example, given a
company’s stock that has been publicly traded for one year, a
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very limited amount of data are available for use by the
estimation technique.

2. Noise

Second difficulty is noise. Two types of noisy data are
erroneous data points and components that obscure the
underlying form of the data series. Two examples of
erroneous data are measurement errors and a change in
measurement methods or metrics[20-24].

3. Nonstationary

Third difficulty is nonstationaries of data, which do
not have the same statistical properties (e.g., mean and
variance). A simple example of a nonstationary series is the
Fibonacci sequence, at every step the sequence takes on a
new, higher mean value.

4. Technique selection

Fourth difficulty is estimation technique selection.
From statistics to artificial intelligence, there are numerous
choices of techniques. One of the simplest techniques is to
search a data series for similar past events and use the matches
to make a forecast. One of the most complex techniques is to
train a model on the series and use the model to make a
forecast. K-nearest-neighbor and neural networks are
examples of the first and second techniques, respectively.

A. Importance of Time Series Estimation

Time series estimation has several important
applications. One application is preventing undesirable events
by estimation the event, identifying the circumstances
preceding the event, and taking corrective action so that the
event can be avoided. Another application is estimation
undesirable, yet unavoidable, events to preemptively reduce
their impact. Finally, many people do the financial markets,
as a primary job so as to get profit from time series
estimation. However many products are available for financial
estimation.

III. POPULAR METHODS

A. Traditional methods

1. Autoregressive integrated moving average (ARIMA)

2. Moving average (MA)

3. Single exponential smoothing (SES)

4. Generalized autoregressive conditional heteroskedasticity
(GRACH)

These are very popular traditional methods and used
for estimation for many decades. In these models, the
prediction is obtained after very large amount of statistical
calculations. Various mathematical and statistical functions
are used for estimation. But the accuracy of prediction in
traditional methods is good. The forecasted values equal with
real time values with small variances.

Simple moving Averages forecasts future values
based on a weighted average of past values and easy to
update. Exponential Smoothing is a moving average form of
time series estimation, efficient to use with seasonal patterns,
easy to adjust for past errors, easy to prepare follow-on
forecasts, ideal for situations where many forecasts must be
prepared and several different forms are used depending on
presence of trend or cyclical variations. Traditional analyses
of time series were mainly concerned with modeling the
autocorrelation structure in a time series, and they typically
require that the data under study be stationary[25-30].

i. Neural network methods

1. Multilayer feed forward NN

Multilayer Feed forward NN (Davey et al., 1999) is
the most common NN used in causal estimation, the flow of
information is from the input layer to the output layer.
Gutierrez et al., (2008) adopted the most widely used method,
Multi-Layered Perceptron (MLP which is a particular case of
FFNN), trained by a Back-Propagation algorithm (BP). They
used three layers of MLP: the input layer for input variables,
hidden layer with three neurons and output layer with just one
neuron. The input neurons represent two variables: a) the
demand at the end of the immediately preceding period and b)
the number of periods separating the last two nonzero demand
transactions as the end of immediately preceding period. The
output node represents the predicted value of the demand for
the current period[31-33].

2. Recurrent NN

Recurrent NN (Bengio et al., 1993;Conner & Douglas, 1994)
is basically a Feed forward NN with a recurrent loop;
therefore the output signals are fedback to the input. Amin-
Naseri& Rostami Tabar (2008) proposed the use of Recurrent
Neural Networks (RNN). The network is composed from four
layers: an input layer, a hidden layer, a context layer and an
output layer.

3. Nonlinear Autoregressive eXogenous NN (NARX)

Nonlinear Autoregressive eXogenous NN (Menezes
Jose et al., 2006;Lin et al., 2000; Siegelmann et al., 1997) is a
combination of all above NN, and is applied successfully in
time series estimation as well as causal estimation

According to C.A. Mitrea, C.K.M. Lee and Z. Wu,
among all the techniques and methods to forecast, neural
networks offers desirable solutions in terms of accuracy.
Suppose there exists certain amount of historical data, which
can be used to analyze the behavior of a particular system, and
then such data can be employed to train a NN that correlates
the system response with time or other system parameters.
Even though this seems a simple method, many studies show
that NN approach is able to provide a more accurate
prediction than expert systems or statistical counterpart
(Bacha & Meyer, 1992). Traditional time series methods
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(Moving Average, ARIMA, and Single Exponential
Smoothing) may not be able to capture the nonlinear pattern in
data. NN modeling is a promising alternative to overcome
these limitations[34-36].

Many varieties of neural network techniques
including Multilayer feed forward NN, Recurrent NN, and
Nonlinear Autoregressive eXogenous NN (NARX) have been
proposed, investigated, and successfully applied to time series
prediction and casual prediction. Specifically these NN
techniques are applied to forecast demands in inventory
management. Estimation accuracy drives the performance of
inventory management. In this work Panasonic Refrigeration
Devices (PRD) in Singapore is taken as a case study. The
result obtained from these three models (FFNN, RNN,
NARX) has been compared with traditional models (MA,
ARIMA, SES).

In PRD company case, best result is obtained using a
NARX NN. Furthermore the inventory management can be
improved for a better efficiency. The ability of the NN to learn
is proportional to the number of the training samples. If the
number of samples is increased, the learning performance can
be further improved.

4. Recurrent radial basis function networks (RRBFN)

Abdelhamid Bouchachia and Saliha Bouchachia
introduced a novel ensemble learning approach based on
recurrent radial basis function networks (RRBFN) for time
series prediction with the aim of increasing the prediction
accuracy. Ensemble learning has recently attracted much
attention due to its ability to perform better than single
learning model and to discover regularities in dynamic and
nonstationary data. Ensemble methods aim at leveraging the
performance of a set of models to achieve better prediction
accuracy than that of the individual models. Ensemble
learning has been mostly applied for classification problems.
However, recently a certain number of studies propose their
application for time series estimation problems. The MS-
NARX-RRBFN model offers the possibility to handle
complex dynamics over a long period of time.

Standing for the base learner in this ensemble, the
adaptive recurrent network proposed is based on nonlinear
autoregressive with exogenous input model (NARX) and
worked according to a multistep (MS) prediction system. The
ensemble learning technique combines various MS-NARX
based RRBFNs, which differ in the set of controlling
parameters. The evaluation of the approach includes a
discussion on the performance of the individual predictors and
their combination. The accuracy of the ensemble is much
higher compared to each of the individual predictor.

5. Fuzzy clustering neural network (FCNN)

According to Fi-John Chang, Yen-Chang Chen and
Jin-Ming Liang, flood estimation is always a challenge in
Taiwan, which has a subtropical climate and high mountains.
They developed a fuzzy clustering neural network (FCNN) for
flood estimation. The FCNN has a hybrid-learning scheme; the
unsupervised learning scheme employed fuzzy min-max

clustering to extract information from the input data. The
supervised learning use linear regression to determine the
weights of FCNN. The network, which learns from examples,
is a hydrological processes theory-free estimator. Most of the
parameters, weights of the network, are adjusted automatically
during the network training. Only one parameter, θ, needed to
be justified during constructing the flood estimation models.
The constructed models forecast the one- hour-ahead floods
of the Lanyoung River during tropical storms. The developed
FCNN model provided better predictive capability than the
simulation. The results obtained are reliable and accurate.

6. NN using Conjugate Gradient Descent Learning
Algorithm

According to Chan Man Chung, Wong Chi- Cheong
and Lan Chi-Chung, multilayer neural network has been
successfully applied to the time series estimation. Steepest
descend, a popular learning algorithm for back propagation
network, converges slowly and has the difficulty in
determining the network parameters. To overcome these
problems, conjugate gradient learning algorithm with restart
procedure is introduced. Also, the commonly used random
weight initialization does not guarantee to generate a set of
initial connection weights close to the optimal weights leading
to slow convergence. Multiple linear regressing (MLR)
provides a better alternative for weight initialization.

Two learning algorithms and two weight
initializations are compared. The results find that neural
networks can model the time series satisfactorily, whatever
which learning algorithm and weight initialization are
adopted. However, the conjugate gradient with MLR weight
initialization requires a lower computation cost and learns
better than steepest descent with random initialization.

Conjugate gradient approach has advantages of
steepest descent approach. It does not require empirical
determination of network. Theoretically, the convergence o
second order conjugate gradient method is faster than first
order steepest descent approach. It is believed that the
computation time of conjugate gradient can be reduced by
Shanno’s approach. The initialization scheme may be
improved by estimating weights between input nodes and
hidden nodes, instead of random initialization.

7. Flexible neural tree (FNT)

According to Yuehui Chen, Bo Yang, Jiwen Dong,
and Ajith Abraham, time series estimation is an important
research and application area. Much effort has been devoted
over the past several decades to develop and improve the
time-series estimation models. A new time series estimation
model based on the flexible neural tree (FNT) has been
introduced. The FNT model has generated initially as a
flexible multi-layer feed-forward neural network and evolved
using an evolutionary procedure. Very often it is a difficult
task to select the proper input variables or time lags for
constructing a time series model.

This research demonstrates that the FNT model is
capable of handling the task automatically. The performance
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and effectiveness of the proposed method are evaluated using
time series prediction problems and compared with those of
related methods. From the architecture perspective, a FNT can
be seen as a flexible multi-layer feed forward neural network
with over-layer connections and free parameters in activation
functions. The work demonstrated that the FNT model with
automatically selected input variables (time lags) has better
accuracy (low error) and good generalization ability.
Simulation results for the time series estimation problems
showed the feasibility and effectiveness of the proposed
method.

8. Multi step NARX-RRBFN model

Abdelhamid Bouchachia and Saliha Bouchachia
introduced a novel ensemble learning approach based on
recurrent radial basis function networks (RRBFN) for time
series prediction with the aim of increasing the prediction
accuracy. Ensemble learning has recently attracted much
attention due to its ability to perform better than single
learning model and to discover regularities in dynamic and
nonstationary data. Ensemble methods aim at leveraging the
performance of a set o models to achieve better prediction
accuracy than that of the individual models. Ensemble
learning has been mostly applied for classification problems.
However, recently a certain number of studies propose their
application for time series estimation problems. The MS-
NARX-RRBFN model offers the possibility to handle
complex dynamics over a long period of time.

Standing for the base learner in this ensemble, the
adaptive recurrent network is based on nonlinear
autoregressive with exogenous input model (NARX) and
worked according to a multistep (MS) prediction system. The
ensemble learning technique combines various MS-NARX
based RRBFNs, which differ in the set of controlling
parameters. The evaluation of the approach includes a
discussion on the performance of the individual predictors and
their combination. The accuracy of the ensemble is much
higher compared to each of the individual predictor.

IV. DISCUSSIONS

Advantages

 A neural network can perform tasks that a linear
program cannot.

 When an element of the neural network fails, it can
continue without any problem by their parallel
nature.

 A neural network learns and does not need to be
reprogrammed.

 It can be implemented in any application.

Disadvantages

 The neural network needs training to operate.
 The architecture of a neural network is different from

the architecture of microprocessors therefore needs to
be emulated.

 Requires high processing time for large neural
networks.

Another aspect of the artificial neural networks is
that there are different architectures, which consequently
require different types of algorithms, but despite to be an
apparently complex system, a neural network is relatively
simple. An input is presented to the neural network and a
corresponding desired or target response the output (when
this is the case the training is called supervised). An error is
composed from the difference between the desired response
and the system output. This error information is fed back to
the system and adjusts the system parameters in a
systematic fashion (the learning rule). The process is
repeated until the performance is acceptable. It is clear from
this description that the performance hinges heavily on the
data. If one does not have data that cover a significant
portion of the operating conditions or if they are noisy, then
neural network technology is probably not the right solution.
On the other hand, if there is plenty of data and the problem
is poorly understood to derive an approximate model, then
neural network technology is a good choice.

V. CONCLUSION

The conducted study shows that the neural network
techniques are better than traditional methods for time series
estimation. Many tools are available to implement the
artificial neural networks methods and techniques such as
MATLAB etc. The effectiveness of estimation and accuracy
of prediction in the ANN techniques has been proved by
various researchers.
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