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Abstract— This study aims to support the communication 

network in the LoRa technology application in supporting the 

application of the IoT system. In Indonesia, LoRa technology is 

included in the communication technology based on low power 

wide area network (LPWAN) non-cellular by utilizing the 

unlicensed ISM band of 915 MHz. Generally, LoRa technology 

is widely used in research and industry. This paper designs a 

smart beam steering antenna at a frequency of 923 MHz in 

accordance with Indonesian regulations that can guarantee 

data quality reception on the LoRa system. The computation 

results of this smart antenna design has confirmed that it 

allows to steer the antenna beam direction into 360˚ full 

azimuthal coverage. The main lobe is altered for every 60˚ step. 

In terms of performance parameters, this antenna design 

exhibits a pretty good performance with Return Loss value ≤ - 

10 dB, VSWR value < 1.92. The numerical gain value obtained 

is abruptly 8.52 dBi. This value is better than the gain used in 

conventional LoRa Gateway antennas, which is about 5 dBi. 

Keywords—IoT Applications, LPWAN Non-Cellular, ISM 

Band, LoRa Gateway and LoRa Technology 

I. INTRODUCTION  

Currently, the development of information and 
communication technology is entering the new era of the 
fourth industrial revolution (Industry 4.0). In this era, the use 
of digital technology and the internet are the major 
components. As a result, technology leads to the latest 
automation systems and data exchange easily and quickly. 
This is to support the development of Internet of Thing (IoT) 
technology which is growing rapidly today. 

IoT is an interconnection network, where billions of 
objects, goods, sensors, or devices that are connected to 
others use the internet to be able to share data and resources 
[1]. Basically, the concept of IoT aims to expand the benefits 

of internet connectivity that is connected continuously [2]. 
This can be seen in IoT applications for the development of 
smart farming technology [3], smart home [4], smart city, 
industrial internet, health, transportation and others. 

Nowadays, various communication network technologies 
can be used for IoT system applications. One of the 
technologies commonly used to build IoT applications is the 
long range wireless communication technologies (LoRa). In 
Indonesia, several LoRa technologies are communication 
technology based on low power wide area network 
(LPWAN)  non-cellular that can transmit information or data 
over long distances at low data rates [5], [6]. LoRa 
technology which includes LPWAN non-cellular is a 
wireless communication system which utilizes the unlicensed 
industrial, scientific and medical (ISM) bands, namely the 
ISM Band of 915 MHz. LoRa technology that works in this 
band is widely used in research and industry including 
Indonesia. However, increasing interest in the use of ISM 
bands in large numbers of wireless applications has emerged 
that ISM bands is going to be fully occupied, resulting in 
problems in communication, including decreased quality of 
service [7] or there can be interference that comes from 
internal or external networks [8]. Meanwhile, the high quality 
of service (QoS) is extreemly required in the wireless 
communication system. 

On the other hand, increasing transmit power can be used 
as a solution to quality of service. But it cannot be 
completed, because the transmit power of LPWAN non-
cellular devices such as LoRa in the ISM band is limited by 
regulations, namely ≤ 100 mW (end node) and ≤ 400 mW 
(gateway) [9]. Therefore, to support guaranteed data 
reception, the LoRa gateway requires a device, i.e. a smart 
antenna that has a better gain than conventional antennas. 
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Currently, the conventional LoRa Gateway in the band 0f 
915 MHz which is quite often used in several studies has the 
highest gain of approximately 5 dBi [10], [11], [12].  

Smart antenna computation is presented in this paper 
which can show better performance than conventional LoRa 
Gateway antennas. This smart antenna is a beam steering, 
which is an antenna that can alter the antenna's radiation 
pattern into a specific direction without changing the antenna 
structure. This method is really powerful to apply in order to 
obtain a better gain generated in the desired direction. This 
may guarantee the optimum data reception. Several previous 
studies have tried to design an antenna with beam steering, 
both Electronically Steerable Parasitic Array Radiator 
(ESPAR) [13] and Switched Parasitic Array (SPA) [14]. 
From these studies, it is shown that an antenna model that 
can form a specific beam as a potential solution to increase 
data rates and increase signal-to-noise ratio (SNR) [13], 
overcomes interference which is a major factor in limiting 
signal quality and capacity [15]. 

From several previous studies, either another steerable 
antenna design [7] or research related to IoT applications 
based on LoRa technology [10] which uses the ISM band of 
915 MHz, generally operates at a frequency of 915 MHz. 
However, antenna design and research at these frequencies 
are not in accordance with current regulations in Indonesia. 
In Indonesia, it is determined that the LPWAN non-cellular 
technologies work in the frequency of 920–923 MHz [16]. In 
addition, the frequency of 915 MHz in Indonesia is still used 
for the operation of cellular mobile telecommunication 
networks based on applicable regulations [17], [18].  

In this paper, the smart antenna design and structure were 
configured and researched using CST Microwave Studio 
software. The performance parameters used are the return 
loss, gain, and VSWR values .The smart antenna design and 
structure are optimized to obtain better performance than 
conventional antennas. Antenna design optimization at a 
frequency of 923 MHz in the ISM band of 915 MHz 
according to applicable regulations in Indonesia.  

II. ANTENNA DESIGN AND STRUCTURE 

 In this section, the beam steering smart antenna design is 
showed in Figure 1 and Figure 2 that operates at a frequency 
of 923 MHz for IoT technology implementation, especially 
communication based on LPWAN non-cellular such as LoRa 
technologies. This smart antenna only receives signals from 
the transmitter, because its purpose is to guarantee data 
quality reception at the LoRa gateway side. 

A. Design of Proposed Smart Antenna 

The design of the proposed smart antenna is shown in 
Figure 1. This antenna system is a monopole antenna with a 
circular ground plane. The proposed smart antenna consists 
of seven monopole elements, which differentiates it from 
other smart antenna studies [7], which only use five 
monopole elements. A monopole element as an active 
element is placed in the center of the ground plane. 
Meanwhile, the other six parasitic monopole elements are 
placed symmetrically to form a geometric circular array 

configuration. The passive parasitic monopole elements are 
separated from each other by an angle of 60˚. 

 

 

 

 

 

 

 

 Fig. 1. Design of Smart antenna without protective casing 

 

 

 

 

 

 

 

 

Fig. 2. Design of Smart antenna with protective casing 

Elements of this monopole antenna are simulated using a 
hollow aluminum cylinder with an outer diameter of 5.9 mm 
and an inner diameter of 4.8 mm. While the ground plane is 
designed in a circular shape and simulated using aluminum 
which is 1 mm thick. Next, the ground plane is placed on a 
base made of FR-4 (loss free, εr = 4.3) with a diameter of 530 
mm and a thickness of 1.6 mm. 

 

 

 

 

 

 

 

 

 

 

 
 

Fig. 3. Block diagram of Smart Antenna Design 

The smart antenna computation is designed using a 
protective casing which consists of three parts (Figure 2). 
The first part is the bottom casing to hold the antenna's 

Side View Top View 
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ground plane, has a thickness of 1.5 mm and a height of 100 
mm. The second part is a cover casing which has a thickness 
of 1.5 mm anda height of 200 mm. And the last part is the 
antenna pole which has a thickness of 2 mm, a height of 90 
mm and 54 mm in diameter. Protective casing which was 
simulated using epoxy resin (εr = 4). 

The block diagram of a smart antenna design that 
determines the correct beam direction according to its signal 
direction is shown in Figure 3. In simple terms, the beam 
direction adjustment is based on the short or open conditions 
of the six parasitic elements to the ground plane. Changes in 
this condition are controlled by the switching circuit based on 
the signal processing results received from the RF Signal 
Processing. The decision to choose the right beam in RF 
Signal Processing is based on control from the 
microcontroller using a certain algorithm after receiving a 
signal from the Lora Gateway Module. 

B. Dimensions of Proposed Smart Antenna Design  

The antenna design that operates at a frequency of 923 
MHz uses aluminum material on the monopole elements and 
ground plan. After obtained the lambda (λ) value, then each 
size of each element must consider the aluminum velocity 
factor of 0.95 [19]. 

The dimensions of the proposed antenna system design 
can be seen in Figure 4. The length of the antenna monopole 
element is designed to be the same as the concept size of the 
monopole antenna in general (= 0.25λ) [20]. The length of 
these elements is the same for both active monopole element 
and parasitic monopole elements. While, the ground plane 
used in this antenna design has a proposed diameter of 1.6λ. 
Then, distance of the parasitic monopole elements from the 
ground plane center point is 0.9λ. 

 

 

 

 

 

 

 

 

Fig. 4. Layout of Proposed Smart Antenna Dimension 

III. RESULT AND DISCUSSIONS 

The numerical computation method for This smart 
antenna design is computed with CST Microwave Studio 
software, which is different from previous study using NEC 
Winpro [7]. The optimal smart antenna design results are 
obtained with the appropriate performance parameters of 
return loss, gain, and VSWR. 

A.  Optimization of the proposed Smart Antenna Design 

The dimensional comparisons between the calculation 
results and the optimization results from the CST simulation 
are shown in Table I. 

TABLE I.  ANTENNA DIMENSION OPTIMIZATION 

Parameter 
Antenna dimension 

Lambda 

(λ) 

Calculation 

Resulst (mm) 

Optimization 

Results (mm) 

Monopole Element Length 0.25 77.1 69.2 

Ground Plane Diameter 1.6 493.6 510 

Monopole Element 

Distance to Ground Plane 

Center Point 

0.9 138.825 142.021 

B. The proposed Parasitic Element Configuration 

In obtaining the expected performance parameter results 
from this proposed smart antenna design, the short or open 
configuration of the six parasitic elements of the antenna 
design is carried out against the ground plane (the positions 
of the six parasitic elements are shown in Figure 4). The 
short / open condition of the parasitic elements to the ground 
plane is carried out by the switching circuit. However, this 
simulation is carried out with a lumped element type RLC 
serial, where the value of R entered for the short condition is 
1Ω and in the open condition is 1 MΩ. 

 

 
 
 
 
 
 
 
 
 
 

                        (a)                                                              (b)                                 

 

 

 

 

 

 

 

 

                                                         (c) 

Fig. 5. Configuration of the parasitic elements to the ground 
plane, (a). two parasitic elements are shorted, (b). Three 
parasitic elements are shorted, (c). four parasitic elements are 
shorted 

By using a ground plane measuring 1λ, three 
configuration patterns shown in Figure 5 are simulated. The 
first, two parasitic elements are shorted to the ground plane 
and a gain of 4.5 dB is obtained. Then, the three parasitic 
elements are shorted to the ground plane and get a gain of 5.4 
dB. And finally, the four parasitic elements are shorted to the 
ground plane and a gain of 4.3 dB is obtained. The parasitic 
elements that are not shorted for each of the three simulated 
patterns are in open condition. 

From the simulation results, the configuration pattern of 
the three parasitic elements is shorted to the ground plane 
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which shows a better gain value. This configuration is used 
to simulate and see the performance parameters of the 
proposed antenna design as seen in Table II. There are six 
patterns that will form six different gain angles. 

TABLE II.  SHORT / OPEN ELEMENT PARASITIC ANTENNA 

Pattern 
Condition of Parasitic Elements to Ground Plane 

Elem.1 Elem.2 Elem.3 Elem.4 Elem.5 Elem.6 

1 short short short open open open 

2 open short short short open open 

3 open open short short short open 

4 open open open short short short 

5 short open open open short short 

6 short short open open open short 

C. The proposed smart antenna performance parameters 

The simulation of the optimization results and 
configuration of the parasitic elements of this smart antenna 
provide performance parameters values in form of return 
loss, gain, and VSWR results. 

TABLE III.  RETURN LOSS, VSWR, AND GAIN VALUE 

Patter
n 

Shorted 
Element 

Return 
Loss (dB) 

VSWR  
Gain 
(dBi) 

Sudut 
Beam (˚) 

1 1 ; 2 ; 3 -30.55 1.06 8.44 211 

2 2 ; 3 ; 4 -30.53 1.06 8.44 149 

3 3 ; 4 ; 5 -29.15 1.07 8.45 90 

4 4 ; 5 ; 6 -31.08 1.06 8.52 31 

5 5 ; 6 ; 1 -31.11 1.06 8.52 329 

6 6 ; 1 ; 2 -29.20 1.07 8.45 270 

 

1) Value of Return Loss: The simulation result that shows 

the value of Return Loss obtained is shown in Figure 6 and 

Table III. The value obtained is different from each pattern, 

but the value obtained for the whole pattern is still included 

in the good performance parameter value for an antenna, 

based on the value of Return Loss ≤  -10 dB [20]. 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 6. Return Loss Value of the proposed smart antenna 

2) VSWR Value: The simulation results that show the VSWR 

value obtained are shown in Figure 7 and Table III. 

Although the values obtained are different for each pattern, 

the values for the whole pattern are considered a good 

performance value for an antenna, because the VSWR value 

< 1.92 [20]. 

3) Gain value: The simulation results that show the gain 

value obtained are shown in Figure 8 and Table III. The 

highest gain value obtained from these patterns is about 8.52 

dBi. The performance values obtained for this smart antenna 

are still better than the conventional LoRa Gateway antenna 

which has the highest gain of abruptly 5 dBi. Meanwhile, in 

another study of smart antennas [7], the simulation results 

vary from 7 - 10 dBi. 

 

 

 

 

 

 

 

 

 

 

 
Fig. 7. VSWR value of the proposed smart antenna 

 

 

 

 

 

 

 

 

                     (a)                                                    (b) 

Fig. 8. Radiation Diagram of The proposed Smart Antenna:  
(a). Top View, and (b). Side View 

While the direction of the radiation pattern can be seen in 
Figure 9 with the angle value of each pattern in Table III. So 
that, the proposed smart antenna is able to adjust the beam 
direction by 360°, with a stepwidth of about 60°. It is 
different from other smart antenna study [7], which is able to 
adjust the beam direction with a stepwidth of about 90°. 

 

 

 

 

 

 
 

 

                       (a)       (b) 

Fig. 9. Beam direction pattern of the proposed smart antenna 
(a). Beam direction with one pattern, and (b). Beam direction 
with six patterns 

IV. CONCLUSIONS 

The proposed beam steering of switched parasitic smart 
antenna (SPSA) 923 MHz has been numerically computed 
and analyzed. The computational optimization was 
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performed to obtain the precise parasitic element 
configuration. This was required to set the electrical 
properties of the proposed smart antenna properly and to 
meet the Indonesia national standard requirements. The 
simulation results show that by using six parasitic elements 
configuration, this antenna design can alter the beam pattern 
direction of 360° full coverage area of services with every 
step of angle beam alteration 60°, whereas in other study 90° 
[7]. In terms of performance parameters, this antenna design 
shows good performance with a Return Loss value ≤ - 10 dB, 
a VSWR value <1.92, not different from the value of 
previous study. The highest gain value obtained is 8.52 dBi, 
better than the gain value used in conventional LoRa gateway 
antennas, which is about 5 dBi, and other study results that 
vary from 7-10 dBi [7]. Thus, the beam steering technique 
integrated with SPSA design can be an alternative to IoT 
technologies. This is specifically applied for the 
communication system based on LPWAN non-cellular, such 
as LoRa technologies to ensure better data quality reception, 
In the future, this antenna could be developed and 
manufactured for other applications with limited gain, 
especially in the ISM band. 
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