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Graphical abstract Abstract

This paper presents the method to predict the shielding effectiveness of cement powder
mixed with different amount of graphite powder. Cement mixed with different percentage
of graphite is prepared. Their dielectric constant and loss tfangent are measured based on
the transmission/reflection technique using APC7 connector. The measured data is fed into
Artificial Neural Network (ANN) for training. When the training process is completed the
neural network is used to predict the dielectric constant and loss tangent of cement-
graphite mixture that contains different amount of graphite. The comparison shows that
the trained neural network is very successful to predict the dielectric constant and loss
tangent of cement-graphite mixture. The proposed graphical user interfface has made the
process of shielding effectiveness prediction becomes more user friendly especially for
those designers who are not familiar with the analytical calculation of shielding
effectiveness and dielectric measurement.
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In order to analyfically calculate the SE of a material,
it is necessary fo identify the dielectric properties of
the material. These parameters can be obtained by
dielectric measurements. Most of the researches
[5][6] only report the dielectric properties of the
building material when a certain percentage of

1.0 INTRODUCTION

The proliferation of mobile phone, mobile phone
based stations; television and radio fransmitter, radar,
and many other electronic devices and systems that
are operating in high frequencies have generated

electromagnetic environment explicitly. Shielding
technique which is conventionally used to reduce
the emission from printed circuit board (PCB) has
shifted its application to building construction in order
to protect the human and the sensitive devices inside
the building from the exposure to additional
electromagnetic (EM) wave. The inherent shielding
provided by the building material such as concrete,
plasterboard, bricks are very limited [1]. There are
numerous literatures concerned the ways to improve
the shielding effectiveness (SE) of the building
material [2][3][4][5]. Essentially, researches show that
shielding materials and absorbing materials in the
form of powder, fibre, or filament are efficient to
enhance the SE of the building material.

additives are added into the building material and
for every change of the material composition and
percentage, dielectric measurement must be
repeated. Hence, it is necessary to have a prediction
that is able to indicate the relationship between the
percentages of the additive to the dielectric
properties of building materials.

In this work, prediction tool which is based on the
artificial neural network (ANN) is proposed where
based on this tool, the dielectric properties of
cement powder added with different percentages
of graphite powder can be estimated. The ANN is
embedded into a Graphical User Interface (GUI).
Based on it, the building construction designers are
able to estimate the total SE of the cement powder
with different percentages of graphite powder and
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thickness  without  repeating the  dielectric
measurement.

2.0 SHIELDING EFFECTIVENESS (SE)

Shielding Effectiveness (SE) is a parameter which is
used to describe how good a material or barrier is in
reducing the EM wave. It is represented as the ratio
of incident electric field, Ei and fransmitted electric
field, E, as represented by Equation (1) in unit dB.
Based on the plane wave theory [7], the SE can be
represented by Equation (2). The definitions of the
parameters in Equation (2) are listed in Table 1. The SE
can be analytical calculated once the relatfive
permeability, dielectric constant, loss tangent and
thickness of the material are defined. The ANN
proposed in this work only predict the dielectric
constant and loss fangent of the cement-graphite
mixfures because they are non-magnetic material,
their relative permeability are unity. The predicted
dielectric constant and loss tangent will be replaced
info Equation (2) to determine the SE.

Table 1 The definition of parameters of Equation (2)

Symbols Definition of parameters

7o Intrinsic impedance of free space, which is
Mo = €0 o

n Intrinsic  impedance of material, which s
- ito 1,

&6 (LT +J)

Y Propagation constant of the material, which is
y=y o’ w6 (LT + )

t Thickness of material in meter

Ho Permeability of air, which is 1.256 x 106

& Permittivity of air, which is 8.854 x 1012

& Dielectric constant of material

Ur Relative permeability of material

LT &

Loss tangent of material, whichis LT =—
&

r

& Imaginary part of relative permittivity

E
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SEqg =20l0 (70 +17) {1—((% 77)] e‘”]e‘ﬁnte}"

t
4110 (170 +17)
101 o +11 ?

3.0 ARTIFICIAL NEURAL NETWORK (ANN)

The Artificial Neural Network (ANN) is capable in
modelling complex nonlinear systems, which are not
easily modelled by using a closed-form equation. It
has been stated that ANN is a feasible method in
prediction [8]. The required fime for the ANN is much
shorter when compared with the numerical

approach as they need to generate a large number
of grid cells and require several hours [9][10] [8]. Due
fo this, it is believed that by using ANN, the process fo
obtain the SE of cement-graphite mixture will
become simpler. Although the time consumed in the
fraining of ANN increases with the size of ANN model,
this can be completed in advance. The biggest
advantage of using the ANN method is that it is
almost an accurate real time in prediction.

Basically, neural networks are composed of simple
elements operating in parallel. These elements are
inspired by biological nervous systems. As in nature,
the connections between elements largely
determine the network function. The network can be
frained by adjusting the values of the connections
(weights), w between elements so that a particular
input leads to a specific target output as shown in
Figure 1. Here, the weights are adjusted based on the
comparison of the oufput, a and the target until the
network output matches the target. Typically, many
input or target pairs are needed to frain a network.

_ Transfer
Summation function

Figure 1 Single input neuron

In this work the principle of training multilayer neural
network is based on backpropagation (BP) algorithm
as illustrated in Figure 2. The input data X; and Xz are
mulfiplied with the weight coefficient. Symbols wmn
represent the weights of the connections between
the network input Xm and neuron n in input layer. The
summation of the product from both inputs will be
fed to the transfer function fk. Where the k represents
the number of the transfer function. The output from
each of the transfer function, namely yi, y2 and ys
are fed to the f4 in order to produce y4. y4 and ys is
fed to the fs fo produce ys. ys is the predicted output
[11].

Next, the predicted output ys is compared with the
desired output value, z, which is provided by the user
and can be found in the fraining data set. The
difference is referred to as the error signal. The error
signal is multiplied with the weight coefficient of each
layer.

The performance of the ANN can be evaluated by
the mean square error (MSE) as shown in Equation
(4), where z is authentic values already known, such
as the simulated or measured data (target data),
and vy is the predicted data. The fraining process
stops once the criteria fixed by the users are met.

MSE=z-y 4)
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Neural network toolbox in Matlab is used for SE
prediction. 500 layers of BP neural network is created.
The input data is the frequency and percentages of
graphite, while the output data is the dielectric
constant and loss fangent of the cement-graphite
mixfure. The default network for function fitting is a
feed-forward network with tan-sigmoid fransfer
function in the hidden layer and linear fransfer
function in the output layer.

The user input data is divided info three categories
used for testing, validation and training purpose. By
default, the toolbox divides 15% of data for validation
and testing, respectively, and 70% of data for the
fraining purpose. This rafio can be adjusted if
necessary. The work uses the default Levenberg-
Marquardt as fraining algorithm. After the ANN has
been frained, it is used for prediction.

In order to validate the prediction results, dielectric
measurements are carried out for new sample that
contains 26 % of graphite.

Vz=fz(Wx1,2X1+sz,zXz)

—_
Wiss

@ _
Y5=Fs(W1,sy1+W 5y,+ W3 53)
@ z

Figure 2 How the signal flow in a neural network [11]

4.0 DATA PREPARATION OF ANN

7 samples which contains different amount of
graphite are prepared as prescribed in Table 2. The
cement-graphite mixtures are blended evenly before
the dielectric measurements are conducted. The
dielectric measurement which is based on the
fransmission/reflection technique, using the APC7
connectors is carried out in order to obtain the
dielectric constant and loss tangent of the sample in
the frequency range from 100 MHz to 2 GHz. The
dielectric measurement setup is explained in [12]. All
data is collected and used in the ANN for the
fraining, testing and validation process.

Table 2 Samples which contains different amount of
graphite

Samples  Amount of graphite fine Amount of cement

powder (g) powder (g)

1 0 10
2 0.7 2.3
3 1.1 8.9
4 1.5 8.5
5 1.9 8.1
6 2.3 7.7
7 3 7

5.0 RESULT AND DISCUSSION

The comparisons of the predicted and actual
dielectric constant and loss factor are discussed in
this section at 200 MHz, 900 MHz and 1800 MHz as
shown in Table 3, Table 4 and Table 5. These
frequencies are chosen to represent the lower,
intermediate, and higher frequency in the frequency
range from 100 MHz to 2 GHz.

Based on these tables, it is found that the MSE
between the predicted and actual dielectric
constant is less than 0.09 for all frequencies. The
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discrepancy for the loss tangent is even smaller,
which is 0.07. The ANN tends to produce greater MSE
for sample with higher percentage of graphite.
Among the three frequencies, it is found that the
ANN is more reliable in predicting the dielectric
constant and loss tfangent at 1800 MHz and 900 MHz
respectively.

In order to validate the performance of the ANN,
the predicted results for samples that contain 26% of
graphite are compared to the dielectric
measurements results. The comparisons at 200 MHz,
900 MHz and 1800 MHz are presented in Table 6. It is
found that the ANN can perform very well in
predicting the dielectric constant and loss tangent of
the cement-graphite mixture. The difference is less
than 0.08 and 0.02 for dielectric constant and loss
tangent respectively. The comparison shows that this
ANN is reliable in predicting the dielectric constant
and loss tangent of cement mixed with different
percentage of graphite.

Table 3 Comparison of actual and predicted dielectric
constant and loss tangent at 200 MHz

Dielectric constant

Table 4 Comparison of actual and predicted dielectric
constant and loss tangent at 900 MHz

Dielectric constant
Percentages

Actual Predicted MSE

0 2.809 2.829 0.019
7 3.392 3.381 0.011
11 4.439 4.443 0.004
15 5.744 5.749 0.005
19 7.248 7.226 0.023
23 11.669 11.686 0.018
30 30.274 30.363 0.089

Percentages Loss tangent

Actual Predicted MSE

0 0.002 0.006 0.004
7 0.003 0.005 0.002
11 0.017 0.020 0.002
15 0.066 0.067 0.001
19 0.135 0.131 0.005
23 0.346 0.341 0.005
30 3.160 3.158 0.002

Percentages
Actual Predicted MSE
0 2.834 2.833 0.001
3.448 3.443 0.004
11 4.563 4.541 0.022
15 6.174 6.169 0.005
19 8.405 8.360 0.046
23 16.028 16.038 0.010
30 41.337 41.309 0.028
Percentages Loss fangent
Actual Predicted MSE
0 0.012 0.009 0.003
7 0.020 0.018 0.001
11 0.029 0.033 0.003
15 0.070 0.066 0.004
19 0.152 0.148 0.004
23 0.470 0.467 0.003
30 9.390 9.452 0.062

Table 5 Comparison of actual and predicted dielectric
constant and loss tangent at 1800 MHz

Dielectric constant

Percentages
Actual Predicted MSE
0 2.7878 2.7916 0.004
7 3.3704 3.3681 0.002
11 4.3725 4.3663 0.006
15 5.5661 5.5511 0.015
19 6.7906 6.7788 0.012
23 10.2955 10.2890 0.006
30 25.3463 25.3323 0.014
Loss tangent
Percentages
Actual Predicted MSE
0 0.0052 0.0049 0.0002
7 0.0176 0.0185 0.001
11 0.0047 0.0093 0.005
15 0.0555 0.0553 0.0002
19 0.1113 0.1114 0.0001
23 0.2896 0.2978 0.008

30 2.1184 2.0778 0.041
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Table 6 Comparison of actual and predicted dielectric
constant and loss fangent at 200 MHz, 00 MHz and 1800
MHz for sample contains 26% of graphite

Dielectric constant

Frequencies

Actual Predicted MSE
200 38.882 38.961 0.079
900 25.372 25.415 0.0433
1800 21.091 21.064 0.0271

Loss tangent

Frequencies

Actual Predicted MSE
200 2.770 2.788 0.018
900 1.275 1.265 0.011
1800 0.951 0.953 0.001

6.0 APPLICATION OF ANN

In this work the ANN is used to predict the dielectric
constant and loss tangent of cement-graphite
mixfures. The ultimate purpose is to calculate the SE
of the mixture. So it is embedded info a graphical
user interface (GUI) to ensure the process of SE
prediction becomes more user friendly especially for
the building designers who are not familiar with those
analytical calculation and dielectric measurement.

Predict flectiveness (SEAB) of C

GOpion 1

s Thickness of material, cm

Percentage of graphite added, %

07 R Ky v B 1039 oy, e 35 ropresens 2% )
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Frequency, MHz

Frequency Range (MHz}
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Stop frequency

Figure 3 Layout of the GUI for SE prediction

The layout of the GUI is shown in Figure 3. Firstly,
users have to define the operating frequencies (in
MHz) range at which point they can then simply key
in the intended thickness and percentage of
graphite in different options in order to compare their
resulfant SE. Based on the prediction, users can
simply adjust the thickness and percentage of
graphite  in  order to achieve cost-effective
configuration.

For example, it is reported in [13] that a
narrowband high power electromagnetic pulse has
high peak electric fields usually greater than 100
V/m. It is assumed that there is an environment with
electric field strength of 100 V/m, and the designers
have to estimate the percentage and thickness of
material (mixture of cement and graphite) so that

the electric field can be reduced to certain levels. 1
V/m is chosen as the acceptable level of an
electronic device since it is mentioned in IEC 61000-6-
2:2009 that electronic devices that are used in
industrial environments can be tested with an electric
field strength of 1 V/m between 80 MHz and 1000
MHz. Hence, the shielding required for each
acceptable level can be calculated as shown:

Case 1: Ei = 100 V/m, E: = 1 V/m, the required shielding

is:
E.
SE4g = 20log |=-
@]:ma

SEyp = 20I0{ .

There are a few options to be chosen by designers
in order to achieve 40 dB of shielding, as illustrated in
Figure 4. In option 1, designers can choose thinner
samples with a higher graphite percentage. Besides
this, they can also reduce the percentage of
graphite whilst increasing the thickness of the sample,
as shown by option 2. Option 3 may also be a
choice. Hence, the decision can be made based on
the requirements in the design.

7.0 CONCLUSION

This work presents a method to determine the
shielding effectiveness of cement-graphite mixture.
The ANN proposed in this research can accurately
predict the dielectric constant and loss tangent by
only infroduce 0.08 and 0.02 of difference
respectively. The proposed graphical user interface
which is embedded with ANN is user friendly. It can
show the comparison of shielding effectiveness from
different options. So based on the comparison, the
building designer can make the decision based on
either the specific requirements or to achieve cost-
effective design.
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Figure 4 Alternatives to achieve SE more than 40 dB
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