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Abstract

0z

The electromagnetic frequency spectrum is divided into different sub-
frequency bands. These sub-frequency bands are allocated for different
applications. In these days, devices operating in multiple sub-frequency
bands provide significant advantages. Devices require antenna
structures to operate in multiple frequency bands. Microstrip antennas
have become prominent antenna structures with their small size,
portable structures and easy integration into other systems. In this
study, microstrip antenna structure which can work in multi frequency
bands is designed. At the same time, it was used with deep learning
methods in optimization of antenna sizes to ensure the optimization of
the designed antenna in a shorter time. The operating frequencies of
designed antenna structure work in the C and X band as seen in the
obtained results. According to IEEE standards, C band is determined
between 4 GHz and 8 GHz; X band determined as in 8 GHz and 12 GHz
frequency range. In the proposed antenna structure, the ability to
operate in multi-band structures was achieved by means of a C-shaped
antenna array. In the deep learning methods that will be used in the
optimization process, five different Long Short Term Memory (LSTM)
models are used. The most important advantage of deep learning
methods is that it can achieve satisfactory results by identifying the
necessary features for solving difficult and time consuming problems
with its own learning ability. In this context, 52 pieces of antenna data
were produced. 40 pieces of data were used in the training process and
12 pieces of data were used in the test stage. The lowest root mean
square error (RMSE) performance obtained in the test data was
determined as LSTM-1 + Dropout layer-1 + LSTM -2 + Dropout layer-2
and 1.0161 error value. The obtained results by proposed method were
evaluated in High Frequency Simulation Software (HFSS) program. In
experimental results, it was observed that the results produced by the
deep learning model and the test data were very close to each other.

Keywords: Microstrip antenna, Deep learning, Long
short-term memory, Optimization, C-Shaped microstrip antenna
array.

Elektromanyetik frekans spektrumu farkli alt frekans bantlara
ayrilmistir. Bu alt frekans bantlari, farkl uygulamalar igin tahsis
edilmigtir. Giiniimiizde ¢oklu alt frekans bantlarinda ¢alisan cihazlar
o6nemli avantajlar saglamaktadir. Cihazlar, ¢oklu frekans bantlarinda
calismast i¢in anten yapilarina ihtiyag duyar. Mikroserit antenler,
boyutlarinin kiigiik olmasi, tasinabilir yapilari ve diger sistemlere kolay
bir sekilde entegre olmasi ile éne cikan anten yapilart olmustur. Bu
calismada, ¢oklu frekans bantlarinda c¢alisabilen mikroserit anten
yapisi tasarlanmistir.  Ayni  zamanda, tasarlanan antenin
optimizasyonunu daha kisa siirede saglamak icin anten boyutlarinin
optimizasyonunda derin G6grenme yontemleri ile kullanilmistir.
Tasarlanan anten yapisinin ¢alisma frekanslari elde edilen sonuglarda
gortldiigii tizere C ve X bandinda ¢alismaktadir. IEEE Standartlarina
gore C bandi 4 GHz ile 8 GHz arasinda ve X bandi 8 GHz ile 12 GHz
frekans araligi olarak belirlenmistir. Onerilen anten yapisinda, coklu
bant yapilarinda ¢alisma 6zelligi, C-sekilli anten dizisi vasitasiyla elde
edilmistir. Optimizasyon isleminde kullanilacak olan derin 6grenme
yontemlerinde ise bes farklt Uzun Kisa Siireli Bellek (UKSB) modeli
kullanilmigtir. Derin égrenme yéntemlerinin en énemli avantaji, zorlu
ve zaman alict problemlerin ¢éziimiinde gerekli ozellikleri kendi
d6grenme yetenedi ile belirleyerek tatmin edici sonuglar elde etmesidir.
Bu kapsamda 52 adet anten verisi liretilmistir. Egitim stirecinde 40 adet
ve test asamasinda ise 12 adet veri kullaniimigstir. Test verilerinde elde
edilen en diisiik Ortalama Karesel Kok Hata (OKKH) performansi, UKSB-
1 + kaginma katmani-1 + UKSB -2 + kacinma katmani-2 ile 1.0161 hata
degeri olarak belirlenmigtir. Onerilen yéntemle elde edilen sonuclar
High  Frequency Simulation Software (HFSS) programinda
degerlendirilmistir. Elde edilen deneysel sonuglar degerlendirildiginde
derin 6grenme modelinin tiretmis oldugu sonuglar ile test verilerinin
birbirine ¢cok yakin oldugu gozlemlenmistir.

Anahtar kelimeler: Mikro serit anten, Derin 6grenme, Uzun kisa
stireli bellek, Optimizasyon, C-$ekilli mikro serit anten dizisi.

1 Introduction

At the beginning of 1950s, it was proved that data can be
transmitted with electromagnetic waves as wirelessly [1].
Deschamps first developed a planar microstrip antenna with a
transmission line. In the 1970s, microstrip antennas began to
be used with dielectric materials [2].

*Corresponding author/Yazisilan Yazar

In the microstrip antenna design process, while conductive
microstrip patch is placed on the dielectric material, there is a
conductive ground plane at the bottom. There are different
types of microstrip antenna patch types in the literature.
Combinations of H, E, L and C shapes are used in multi-band
antenna designs. Regular structure of microstrip antenna
patches are easier to analyze and have a symmetrical pattern of
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radiation. There are many optimizations aimed at the multi-
band antenna of the designed microstrip antenna [3].

Smith et al. discussed the values € and p separately and
succeeded the design to make both of these two parameter
values as negative value [4]. Sivia et al. analyzed and designed
circular fractal antenna. It is made Roger RT 5880 Duroid
dielectric material that was used as the base of the antenna. In
this study, simulation results were compared with those
predicted in artificial neural networks [5]. Sarmah et al
implemented that ANN applications used on split ring
resonator structures are examined, the resonance frequency of
the split ring resonators has been optimized by ANN. It is
known that resonance frequencies change according to
variables such as radius, size and width of antenna structures.
Different measured length values were trained in the ANN
technique as the data set and optimized process was obtained
and the most suitable resonance frequency values were
obtained [6]. Deshmukh et al. obtained data from the analysis
where substrate of a rectangular microstrip antenna is thicker
and in wide frequency cases are compared with the values
predicted by training with the artificial neural network. Thus,
dimensions of the microstrip antenna have been optimized as
desired antenna structure [7]. Deshmukh et al. designed
rhombus triangular microstrip antenna design by using ANN
technique. In this study, it was tried to estimate all frequency
values calculated by changing the thickness of 0.02-0.1
wavelength thickness of air which has thicker dielectric feature
of sub layer thicker in 700-6000 MHz frequency range by
training in artificial neural networks [8]. Srivastava et al.
estimated parameters on a circular microstrip patch antenna
using artificial neural networks. In this study, the size of the
radius of the circular patch, which determines the resonance
frequency, is an important parameter for mobile
communication. Mathematical analyzes were performed with
this important parameter and ANN technique was applied to
confirm its accuracy [9]. It is seen that this technique was used
to evaluate the bandwidth of microstrip antenna designed by
Singh et al. Necessary analyzes of the microstrip antenna were
performed using a multilayer, feed forward and reverse
propagation ANN [10]. Johnson et al. have developed a genetic
algorithm based optimization algorithm for broadband
microstrip antennas. The main purpose of the study was to
obtain 20% bandwidth at 3 GHz operating frequency.
Optimization was performed by removing some square patches
in irregular patch geometry [11]. Griffiths et al. aimed to obtain
high return loss and bandwidth. They have used genetic
algorithm to create elliptical forms on the patch antenna for
desired antenna parameters [12].

This study consists of four sections in total. Section I is an
introduction and explained previous studies about microstrip
antenna design. Section 2 describes antenna structure and its
characteristics. Also, it provides details on Deep Learning and
Long Short-Term Memory. Section 3 contains results and
discussion. The last section is section 4 which includes
conclusion.

2 Material and method

2.1  C-Shaped antenna array design

In the proposed C-shaped antenna array, the feed point is
provided with a coaxial probe. In order to transfer energy from
feed point to entire antenna array, C-shaped patches were
intertwined. C-shaped patches include 1200 degree among

them. In addition, the annular patch is integrated in the design
to properly orient radiation pattern generated by the antenna.
The designed microstrip patch was placed on FR4 (&:=4.4)
dielectric material having dimensions of 18.5x18.5 mm. In total,
there are 6 parameters to be optimized in the proposed
antenna patch geometry. R1 and Rz refer to inner and outer
radius of the C-shaped patches. The position of the coaxial
probe feed points is shown as x and y dimension. Finally, outer
and inner radius of the annular ring are determined as R3 and
R4 respectively. Proposed antenna design is showed as in
Figure 1.

Figure 1. Proposed microstrip antenna design.

The proposed antenna structure has some fixed dimensions. As
seen in Table I, height of dielectric substrate is equal to 1.6 mm.
Ground plane was located at the bottom of dielectric substrate.
It has a square shape with 18.5x18.5 mm. Also, thickness of
microstrip patch is 0.01 mm.

Table 1. Dimensions of proposed antenna.

Parameters Value
Size of Dielectric Substrate 18.5x18.5 mm
Height of Dielectric
Substrate 1.6 mm
Size of Ground Plane 18.5x18.5 mm
Height of Microstrip Patch 0.01 mm

2.2 Longshort-term memory (LSTM)

Long-Term Memory, an advanced type of Recurrent Neural
Networks (RNNs), was developed in 1997 by Hochreiter and
Schmidhuber [13]. In RNN, repeating chain module has an
important place. At the same time, LSTM structures include
these modules and there is interaction between each other.
Figure 2 shows the modules within the LSTM structure.

Figure 2. Structure of long short-term memory.

As shown in Figure 2, some information must be eliminated in
the first input of the LSTM structure. This is accomplished with
sigmoid function and is called as forget gate layer. The inputs
for this layer are ht1 and Xt If the output is 0, information
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should be deleted, whereas an output of 1 indicates that
information should be taken into account. The mathematical
expression of output function for forget gate layer is given in Eq.
1.

i, =oW;.[h_, x1+Xx) (1)

The second layer in the LSTM structure is called input gate. It
has two inputs. The firstinput is proceed with sigmoid function.
This input provides information about update process. For the
other input, tanh activation function is used. The expression
obtained by multiplying these two inputs is summed with Ct1
and the status of the LSTM structure is updated.

Cy = tanh(W,.[h ,, x ] +b,) @

When old cell state is updating, it must be transferred to new
cell state. It is multiplied by it to ensure that old cell state
information is forgotten. New status values are generated with
the formula it x Cu and status update is performed. The update
process is shown in Eq. 3.

C = il xCy,y + il xCy (3)

There are two basic processes to update cell status. The sigmoid
function is one of these processes. In addition, the tanh
activation function interpolates the output values between -1
and 1.

0, =oWo.[h4, x]+D,) 4)
h =0, xtanh(C,) (5)

2.3 Dropout layer

The dropout layer prevents over fitting in deep learning
structure [14]. In the dropout layer, some nodes of the network
are removed to prevent the network's dependence on a specific
neuron. Thanks to dropout, network can be forced to learn
correctly even in the absence of certain information. The
standard status of network and its status after the dropout
layer are shown in Figure 3.

@

@

0900 0000
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Figure 3. Dropout process.

2.4 Dataset description

Generated data set contains S11 data obtained from proposed
antenna geometry. 52 pieces of S11 data were generated by
HFSS. 40 pieces of them were used to train deep learning
structure and 12 pieces of them were used to test the structure.
The antenna dimensions have different range to be optimized.
The size of R1 ranges from 5.4 to 4.7 mm. Rz has a radius of 3.2-
2.3 mm. When represented as the feed point (x, y), they can
have different values between 2.7-0.5 mm. The outer and inner
radius of ring shaped patch element range from 5.3 to 4 mm.

2.5 Proposed method

In the proposed method, different LSTM connection types are
used to optimize dimensions of C-shaped microstrip antennas.
It is also used to prevent over-fitting and to select important
features [15]. Five different structures were used in the
proposed method. These structures can be classified based on
existence of dropout layer. In addition, different cell numbers
were used in each LSTM layer. These cell numbers are 50, 100,
150 and 200 respectively. Also, each dropout layer has 0.5
probability value. LSTM-1, LSTM-1 + dropout-1, LSTM-1 +
LSTM-2, LSTM-1 + dropout-1 + LSTM-2 and LSTM-1 + dropout-
1 + LSTM-2 + dropout-2 were used as trained model. In the
proposed method, S11 data obtained according to various
antenna sizes were used to train the structure of deep learning.

The main advantage of proposed method is that it can learn
better than other machine learning methods and can predict
different data correctly. Deep learning structures in
optimization on antenna dimensions have achieved remarkable
results. In this article, deep learning model results are given.
Figure 4 shows the block diagram of the proposed method.

S11 [dB]

dropout-1 I S
o
2
LSTVM-2 . =
a
! ]
| dropout-2 I 2

| Regression| |

R,

RiR[x [y [R,

Figure 4. Algorithm of the proposed method.

3 Results and discussion

Five different deep learning models were used to optimize the
proposed microstrip antenna dimensions. There are a number
of parameters in training of deep learning models. Adaptive
Moment Estimation (Adam) was used as optimization
algorithm. The maximum number of epochs is 1500. An
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adaptive learning rate was used by reducing the learning rate
by 80% in every 125 epochs. The test was performed in every
500 epochs. Comparative training and test graphs are
presented in Figure 5.

RMSE

.................................................................

Figure 5. Training and testing process for each deep structure.

The lowest RMSE result was obtained with LSTM-1 + dropout-
1 + LSTM-2 + dropout-2 model with 50 cells. In LSTM-1 model,
the lowest RMSE value was obtained as 1.0484. In the LSTM-1
+ dropout-1 model, the RMSE value was reduced by 1,038. In
the LSTM-1 + LSTM-2 model, the RMSE value of 1.0467 was
reached. The RMSE value of the LSTM-1 + dropout-1 + LSTM-2
model was further reduced and a 1.038 RMSE value was
obtained. Comparative test RMSE values are given in Figure 6.

LSTM-2
0 50 100 150 200
50 | 1.0628 | 1.0606 | 1.0471 | 1.0481 | 1.0478
T 100 | 1.0484 | 1.0538 | 1.048 | 1.0484 | 1.048
=
U 150 |1.0485 [ 1.0467 | 1.0485 | 1.0483 | 1.0483
200 | 1.0485 | 1.0505 | 1.0483 | 1.0481 | 1.0484
a)
LSTM-2
0 50 100 150 200
i
W50 | 10712 [1.1713 |1.0503 | 1.046 |1.0427
=3
o
S 100 | 1.0537 | 1.0899 [1.045 | 1.0474 |1.0476
=
X 150 | 1.0452 |1.1154 |1.0499 |1.0464 |1.0466
=
k5 200 | 1.038 [1.0632 [1.0461 |1.0457 |1.0461
)
b)
LSTM-2+dropout-2
0 50 100 150 200
E', 50 | 1.0628 | 1.0161 | 1.0426 | 1.0277 | 1.0387
3
Q
S 100 | 1.0484 | 1.0648 | 1.0243 | 1.1283 | 1.0333
=
X 150 | 1.0485 | 1.0539 | 1.0341 | 1.0319 | 1.0312
=
F5 200 [ 1.0485 [1.045 [1.0211 | 1.0341 | 1.0366
-
c)

Figure 6. RMSE values for. (a): Deep structure with no dropout
layer. (b): Deep structure with dropout-1 layer. (c): Deep
structure with dropout-1 and dropout-2 layer.

It can be seen that RMSE value decreases as number of dropout
layers increases as in Figure 6. There is no distinct relation
between RMSE value and number of cell. As seen in Figure 6,
the lowest RMSE value was reached with LSTM-1 + dropout-1
+ LSTM-2 + dropout-2 model with 50 hidden cells. Some test
results obtained with this model in mm level are shown in
Table 2.

Table 2. Some test dimension about real/LSTM model.
Parameters Test 1 Test 2 Test 3 Test 4 Test 5

R; 48/50 5/51 47/49 49/5 53/52
R 24/2.6 26/25 24/2.7 28/28  3/3

X 21/2 2/19 18/18 2/19 1.7/17
y 21/2  2/19 18/18 2/19 1.7/16
Rs 53/52 53/51 5.3/52 53/52 4.7/5.0
R 48/48 4.8/48 48/47 45/46 43/45

The analysis of antennas was performed according to Real /
LSTM model results as in Table 2. Figure 7 shows the analysis
of Test 1, Test 2 and Test 3 antenna designs.

S11 [dB]

| — Real
[ — LSTM

Frequency [GHz]
3

S11 [dB]

I-rrqum‘_\ [GHz)
b)

PR PR

S11 [dB]

— Real
| — STM

& e o (1 w no un o 100 un
Frequency [Glfz]

¢

Figure 7. Real/LSTM Model Results. (a): Test 1. (b): Test 2.
(c): Test 3.

232



Pamukkale Univ Muh Bilim Derg, 27(2), 229-233, 2021
U. Ozkaya, L. Seyfi, S. Oztiirk

In Figure 7, Real and LSTM results were well-converged with
each other for Test 2. However, these results in Test 1 and Test
3 were not so pretty as in Test 2. Since, changes in antenna
dimension has more affects to antenna characteristic at high
frequency. When operating frequency increases, it makes
dimension smaller as in Figure 7. Thus, sensitivity of converges
in proposed method should be in um.

4 Conclusion

In this study, dimension optimization of antenna design for
multi band applications has been realized by using C shaped
antenna geometries with higher capability unlike rectangular,
circle and triangle shaped. In the C-shaped antenna design, it is
aimed to improve some basic dimensions by using deep
learning models in order to obtain shorter optimization
performance. As a result of these models, antenna designs were
re-evaluated in HFSS 13.0 high frequency simulation program
and LSTM-1 + Dropout layer-1 + LSTM-2 + Dropout layer-2 was
found to be the most progressive deep learning model. It has
been found that conventional methods are insufficient to
improve antenna properties which do not show a linear
distribution. In this article, this problem has been solved by
using deep learning model. In particular, although changes in
the um level of the antenna dimensions designed at high
frequencies had a significant effect on the antenna properties,
deep learning model performance is very close to the desired
antenna designs. Thanks to this study, it is understood that
deep learning models can be reduced optimization time in
antenna design.
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