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--------------------------------------------------------------------***----------------------------------------------------------------------------Abstract—Barium Titanate(BT) ceramics (lead free dielectrics) have been widely used as materials for dynamic random
access memory, capacitors for design and fabrication of microphones and even for sensors and transducers which are used in
embedded systems. Different dopants have been used so far as well to dope BT in various proportions to achieve optimum
performance characteristics in different aspects such as dielectric, ferroelectric, optical, electromagnetic etc. This paper is an
attempt to design and simulate a model for prediction of error in BT and its doping with Samarium, which is highly soluble
in BT and is hence used to modify various properties of BT, using the feedforward backpropagation(FFBP) algorithm of
Artificial Neural Network (ANN).Initially, certain synthetic data sets of all three-layer curveshave been taken for training the
network, then the network is validated by the field datasets collected from the experimental work done by M. Ganguly et al
and various corresponding work[1,3,4]. With proper training of back propagation networks, it tends to give the actual
predictive values of dopant ratio and corresponding results without carrying out the experiments physically[2].
Keywords— Barium Titanate, Samarium, doping, ANN, FFBP algorithm etc.
I.

INTRODUCTION

Artificial Neural Networks (ANN) are based on the working of biological neuron structure and can be used as an efficient
tool in handling computations of material engineering[26]. Very similar to actual biological systems, the central
processing element in an artificial neural network is known as a neuron (or node)[27]. The output signal of a neuron or
node is calculated as the weighted sum of input signals from the coming neuron, changed by the transfer function. The
learning capacity of a neuron is carried out by adjusting the weights in consent to the chosen learning algorithm. The
process is repetitive.
The basic ANN architecture consists of three types of layers input, hidden & output layers. Number of neurons in input
and output layer depends upon the number of input & output parameters respectively. The selection of the number of
neuron in a hidden layer is an important decision however there is no definite formula.
There are several types of architecture of ANN. However Multilayer Perceptron (MLP) observed to be effective in
modeling of chemical processes. MLP trained by the back propagation algorithm is based on a system capable of
modeling complex relationship between the variables. ANN is the powerful tool for modeling, especially when the data
relationship is unknown. ANN can identify and learn correlated patterns between input data set and corresponding
output data set. After training ANN can be used to predict the output of the new independent input data [1, 2].
There are number of applications of ANN, that include, standardization
of
digital colorimeter
[5],
estimation concentration heavy metals from aqueous solution[6,29], estimation of composition of a ternary liquid
mixture [7], mass transfer predictions in a fast fluidized bed of fine solids [8], compressive strength predictions using
FFBP[30], development of substitutionally
doped amorphous semiconductors and its possible application of
amorphous silicon in photovoltaic devices [20], fault detection [21, 22], load forecasting[28],
modeling
for
estimation
of hydrodynamics of packed column [9], fault diagnosis in complex chemical plants [10],
adsorption studies [10, 11, 12, 13], modeling combined VLE of four quaternary mixtures [114] and similar others [ 15,
16, 17, 23] are also reported.
The prediction in error helps to realize the most effective and suitable material composition to achieve a predefined level
of accuracy for one or more parameters without actually carrying out the experimentation [24, 25]. In this paper we have
referred data from the experimental works carried out by researchers and put them as inputs to a predictive ANN model
incorporating FFBP algorithm. Thereafter a comparative study of the results of both the real time experimental work and
the predicted output of the model has been carried out.
II.

DESIGN OF ANN MODEL

There are three layers of the model a) input layer b) hidden layer and c) output layer as shown in Fig. 1. The input layer
takes input in terms of real time experimental data as referred from [1], no. of hidden layers has been calculated based on

© 2019, IRJET

|

Impact Factor value: 7.211

|

ISO 9001:2008 Certified Journal

|

Page 1220

International Research Journal of Engineering and Technology (IRJET)

e-ISSN: 2395-0056

Volume: 06 Issue: 06 | June 2019

p-ISSN: 2395-0072

www.irjet.net

requirement of achieving best prediction and the output layer finally shows the result which can be compared with the
real time analog data referred as input. n number of inputs are there in the single layer input data set which are provided
to ten hidden layers and finally the corresponding n no. of output data set is generated in a single layer after training the
model.
M. Ganguly et al [1] have done work on doping of Barium Titanate with Samarium. In the present paper we have referred
this work to predict error with the help of the ANN model considering two design parameters a) relative permittivity vs
temperature and b) loss tangent vs temperature.

Fig. 1 ANN model incorporating FFBP algorithm
III.

RESULT AND ANALYSIS

The ANN model has been trained with two data sets here (i) Dielectric Constant vs temperature (ii) Dielectric Loss vs
Temperature referring the data sets generated from the work of M. Ganguly et al[1]. Two types of data have been
generated with respect to frequency 100 Hz and 10,000 Hz for undopedBarium Titanateand Barium Titanate doped with
Sm and used for this purpose.
The prediction accuracy R achieved in each case is minimum 99.811% and maximum 99.897%.
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Fig. 2. Training of FFBP model with R=0.99454

Fig.3. Training of FFBP model with R=0.99887
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Fig.4 Test accuracy plot: RED – predicted, BLUE-original/experimental
The first inference lies in the fact that the input layer takes input from real time experimental data & the no. of hidden
layers has been calculated depending on requirement of achieving best prediction and the output layer finally shows the
result. The algorithm used here was feedforward back propagation (FFBP) algorithm in ANN. The error was predicted
with the help of the ANN model considering two design parameters a) relative permittivity vs temperature and loss
tangent vs temperature. The ANN model has been fed with two data sets (i) Dielectric Constant vs temperature & (ii)
Dielectric Loss vs Temperature, generated with respect to frequency 100 Hz and 10,000 Hz for undoped Barium Titanate
and Barium Titanate doped with Sm. The data was fed into the ANN model and the result was obtained. The result for
dielectric constant vs temperature, yielded a prediction accuracy of 99.811% and the dielectric loss vs temperature
yielded a prediction accuracy of 99.877%. Thus, the error was successfully predicted to be 0.189% and 0.123%
respectively. This error prediction would help to comprehend & analyse the most effective, optimum and satisfactory
material composition of Barium Titanate (BT) with the dopant, Samarium (Sm) to achieve the maximum level of accuracy
for one or more parameters without actually performing the experiment for. The test accuracy can be observed from the
above graph.
IV.

CONCLUSION

Barium Titanate (BT) has been tested in two different forms here, one undoped and the other doped with Samarium. The
data were generated with respect to two different frequencies of 100 Hz and 10,000 Hz. There are two data sets used
here, one for dielectric constant vs temperature which has given a prediction accuracy of 99.811% and one for the
dielectric loss vs temperature with prediction accuracy of 99.877%. The error was successfully predicted to be 0.189%
and 0.123% respectively. This error prediction will help to comprehend the most effective and satisfactory material
composition of Barium Titanate (BT) with the dopant, Samarium (Sm) to achieve the given level of accuracy for one or
more parameters without executing the experiment for real.
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