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Communication with a wireless system is one of the mainstays of 

communication so that communication integration is achieved. In this 

application, of course, an antenna is needed to send information waves to the 

receiver. It is also hoped that the antenna can be integrated with other 

components into an integrated system. There are several challenges that need 

to be answered to make this happen. Namely, the size of the antenna is small 

and the shape of the antenna can adjust to the shape of the object being 

integrated, for example a circle or cylinder shape. The antenna chosen to 

realize this challenge is the Planar Inverted F Antenna (PIFA). PIFA antennas 

are widely used in communication devices because their shape and size can be 

adjusted to the dimensions of the device. The technique used to create curved 

shapes is a conformal technique. To streamline the antenna design steps, the 

system tuning method is applied when simulating the design. The results 

achieved use a system tuning method which can reduce the experimental steps 

to just 6 experimental steps. The antenna designed works in the frequency 

range 916.9 – 933 MHz, the resonant frequency of 925.6 MHz with S11 is -

12.5 dB, bandwidth 16.1 MHz, and the radiation pattern is omnidirectional. 
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1. INTRODUCTION 

Telecommunication technology using cable media (wireline) has now begun to be abandoned and 

replaced with wireless technology which uses radio waves as a transmission medium. Communication with a 

wireless system is one of the mainstays of communication so that communication integration is achieved [1], 

[2]. The development of technology and information always occurs rapidly so that humans need adequate 

facilities. The communication facilities and infrastructure needed are of course to meet the communication 

needs between two or more people at any location and time . A telecommunication system without cables or 

what is called wireless is a system that connects devices without a cable and is replaced with electromagnetic 

waves [3], [4]. In this application, of course, an antenna is needed so that the waves sent and received can be 

achieved in this system [5], [6]. 

One antenna that can be used is PIFA. PIFA is widely used in communication devices because its shape 

and size match the dimensions of the device, such as cellphones and modems. PIFA has several advantages, 

such as its relatively light weight and relatively small dimensions, its radiation pattern is omnidirectional, its 

production costs are low, and its structure is simple and easy to modify [7]–[10]. However, PIFA also has a 

number of disadvantages, such as low efficiency, relatively narrow bandwidth and working on one frequency 

[11]. Therefore, PIFA development can be done by modifying its structure or shape to compensate for its 

deficiencies or to produce desired characteristics. In general, PIFA consists of a groundplane, patch, probe or 

shorting pin that connects the patch to the groundplane [12]–[14]. Sandra Costanzo et al [15] designed an 

antenna that covers the needs of the Medical and Wireless Body Area Sensor Network, namely at a frequency 

of 2.36 GHz. The created antenna shows an increase of 3 dB. Guoping Gao et al [16] designed an antenna at 

the 2.4 GHz frequency for wearable applications. The antenna that produces the return loss is designed to be 

around -30 dB with a gain of 6.72 dBi. 

In antenna design, researchers often use the trial and error method to get maximum results. This method 

has a weakness, it does not have a benchmark or size reference and can result in many steps having to be taken. 

This research improves the steps in design so that become more systematic by using a systematic tuning 

method. Systematic tuning is one of the methods used in experiments in the form of a systematic approach to 

determine the ideal conditions for a production process with the minimum possible reject rate. It can also be 

interpreted as an experimental technique that helps to investigate the best combination of parameters to be 

changed in order to obtain reliable static results. The systematic tuning method uses a benchmark or reference 

size of ±5% of the nominal size. The next step is to determine the parameters that influence antenna 

performance. 

The research that will be carried out is designing an antenna that can be used for long distance 

communications, at a frequency of 900 MHz. In accordance with Internet of Things (IoT) technology, long 

range communications can use Sigfox or LoRa technology which works at a frequency of 900 MHz [17]–[19]. 

LoRa is a wireless communication system for the Internet of Things, offering long distance communication (> 

15 km in remote areas) and low power. Antenna design has its own challenges when it needs to be placed on a 

surface that is not flat or curved, such as a circle or cylinder. So that the antenna can be placed well on a curved 

surface, the antenna is designed using conformal techniques to give it a curved shape. With a conformal antenna 

shape, it will be easier to install in areas that have a curved shape. The antenna used in wireless communication 

is not only the most important part, but also the main design and implementation problem that affects the 

performance of the wireless communication system [20]–[22]. This research aims to design an antenna with a 

small size that can be constructed onto other objects in a circular or cylindrical shape and has good performance 

in terms of bandwidth, S11, and resonant frequency. 

 

2. RESEARCH METHODS 

In PIFA design, there are five important stages that will be followed, determining antenna specifications, 

determining antenna dimensions, carrying out design by tuning the system and analyzing the performance of 

the antenna design.  

 

2.1. Antenna Specifications 

Antenna specifications are something that is important to do at the beginning to meet the required 

performance. Specifications are determined from market needs. Antennas with a frequency of 900 MHz are 

designed to have the following specifications: 

• Frequency Range: 919 MHz – 925 MHz 

• Resonance Frequency: 922 MHz 

• Bandwidth: 6 MHz 

• S 11: ≤ 10 dB 

• Radiation Pattern: Omnidirectional 
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The antenna chosen is PIFA. PIFA has been widely used in mobile communication systems as mobile 

phones and laptops because of its compact design and is widely used in small portable devices. PIFA is like a 

monopole printed on a PCB, but has shorting feed points along the main resonance structure shown in Figure 

1. The shorting feed point configuration can reduce the size of the antenna. 

 

 
Figure 1. Planar inverted -F antenna (PIFA) 

 

2.2. Initial Design of Antenna 

The nominal design of the antenna is in Figure 2 and the dimensions are in Table 1. Initial results for the 

antenna are shown in Figure 3, showing that the resonance frequency does not meet the specifications, that is 

922 MHz. Therefore, there is a need for a tuning process to get maximum results. 

 

 
Figure 2. PIFA design 

 

Table 1. Size of initial design of antenna 
Variable Size (mm) 

Ls 20.7502 

Ps 28.53 

Wp 10.23 

Lp 15 

Lf 15 

G 0.9502 
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Figure 3. Initial results of PIFA design 

 

2.3. Design Using Conformal Techniques 

The antenna varied in curvature with a radius of 25 mm. Figure 4 is a simulation of the antenna when it 

is varied using conformal techniques and Figure 5 is a simulation of the antenna when it is added with other 

materials, namely silicon. Silicone was chosen as another material because it refers to the material used in 

proesthetic hands. Proesthetic hands are known to have a curved shape and use materials, one of which is 

silicon. Conformal techniques are used to meet the need for curved antennas to adjust when the antenna is 

integrated with a cylindrical or circular plane. 

 

 
Figure 4. PIFA with conformal technique 

 

 
Figure 5. PIFA with silicone material 

 

The simulation results in Figure 4 and Figure 5 are tabulated in Table 2. Differences occur when the 

antenna is varied conformally in the form of a shift in frequency and S11 value. However, this time the 

difference looks more prominent. When applied with additional material the S11 value improves but the 

frequency range shifts to a lower frequency. So the antenna needs to be tuned again to get a frequency of 922 

MHz. A comparison of the results of the original flat, conformal PIFA and the influence of the bionic hand can 
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be seen in Table 2. The frequency range and bandwidth of the antenna shape when applied to the bionic hand 

are not written because the upper and lower frequency limits do not have an S11 value of less than -10 dB. 

 

Table 2. Size of initial design of antenna 
Specification Flat Conformal Additional Other Materials 

Frequency Range 
1475 – 1493 MHz 

 
1387 – 1409 MHz - 

Resonance Frequency 1480 MHz 1397 MHz 1139 MHz 

Bandwidth 8.2 MHz 22.4 MHz - 

S11 -10.2 dB -11.7 dB -4.7 dB 

 

Table 2 shows the influence of antenna performance on the conformal shape and the addition of other 

materials. From experiments on flat shapes, third conformal shapes and additional materials have not shown 

performance in accordance with the specified specifications. Therefore, it is necessary to optimize using system 

tuning. 

 

3. RESULTS AND DISCUSSION 

In the systematic tuning process there are four variables that will be varied in the CST simulation, there 

is Lf, G, Lp and Wp. These four variables determine the number of experiments that must be carried out. For 

each factor a value of -1 and +1 is set as shown in Table 3. The value in Table 3 represents ±5% of the nominal 

value. The (-1) label represents a -5% variation and the (+1) label represents a +5% variation from the nominal 

value of the component. 

 

Table 3. Size of initial design of antenna 

Variable -1 +1 

Lf 14.25 15.75 

G 0.9027 0.9977 

Lp 14.25 15.75 

Wp 9.7185 10.7415 

 

3.1. Interaction Between Variables on Response 

Response is the parameter that will seek the best results. The response used is the resonant frequency and 

S11. The relationship between response and antenna size variables is obtained from data processing using 

Minitab software. Figure 6 is the result of an analysis of interactions between variables that influence each 

response using systematic tuning by taking significant factors that have a slope above 0.005 for the frequency 

response and 0.07 for the S11 response. If we want to change the resonant frequency, then we can choose the 

parameter to be changed, namely Lp, f or Lf, as well as S11. 

 

 
Figure 6. Interaction tree diagram between factors 

 

3.2. System Tuning 

• Tuning 1 

The tuning process is carried out to adjust the antenna performance. In this case adjust the resonant 

frequency and S11 with several tuning steps. The center frequency (𝑓 𝑟) of 1139 MHz will be shifted to 922 

MHz. According to the tree diagram, the most significant factor for shifting frequency is Lp with a coefficient 

of 0.02682 for every -5% change in nominal length. In order for the frequency to shift to 922 MHz, Lp must 
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be changed by 40.4549%. If 40.4549% of 15 mm is 6.0682 mm. Then Lp becomes 15 + 6.0682 = 21.0682 mm. 

From tuning 1 you can shift the frequency to 927.8 MHz. 

 

• Tuning 2 

In tuning 2, changes are made to Lf with a coefficient of -0.2166 for every change of +5% of the nominal 

length. The coefficients used in this case are the two coefficients of Lp and Lf, being -0.5848. In order for the 

S11 value to be -20 dB, Lf must be changed by 142.6171% from 15 mm, namely 21.3926 mm. Then Lp 

becomes 15 + 21.3926 = 36.3926 mm. Tuning 2 has the effect of changing the S11 value to -16.7 dB with a 

FR of 971.8 MHz. 

 

• Tuning 3 

In the 3rd tuning it will shift the resonant frequency (𝑓 r) again because it is still not in accordance with 

the planned specifications, namely 922 MHz. Wp is selected as the variable to be changed. In the previous 

tuning, changes were made to Lp and Lf, so the coefficients used were these three coefficients, becoming 

0.0571. Wp should be changed by 4.3624%. Where 4.3624% of 10.23 is 0.4463 mm. So, Lf becomes 10.23 + 

0.4463 = 10.6763 mm. Tuning 3 has the effect of shifting the frequency to a lower frequency, namely 956.4 

MHz and an S11 value of -15.7 dB. 

 

• Tuning 4 

The center frequency on S11 (𝑓 𝑟) of 956.4 MHz will be shifted to 922 MHz. In tuning 4, the Lp changes 

are made. The coefficient of frequency response used is twice Lp, Lf, and f, being 0.0839. In order for fr to 

shift to 922 MHz, Lp must be changed by 2.05% from 21.0682 which is 0.4319 mm. So, Lp becomes 21.0682 

+ 0.4319 = 21.5002 mm. Tuning 4 is able to shift the resonant frequency to 941 MHz with S11 of -16.8 dB. 

 

• Tuning 5 

In tuning 5, the Lp is changed again to shift the frequency to 922 MHz . In tuning 5, the same coefficient 

as tuning 4 is used by adding Lp, to 0.11072. Lp must be changed by 0.858% from 21.5002 which is 0.1845 

mm . So, Lp becomes 21.5002 + 0.1845 = 21.6846 mm. Tuning 5 has the effect of shifting the frequency to 

934.4 MHz and has an S11 value of -18.2 dB. 

 

• Tuning 6 

The center frequency on S11 (𝑓 𝑟) of 934.4 MHz will be shifted to 922 MHz. In tuning 6, the LP changes 

again. In tuning 6, the same coefficient as tuning 5 is used by adding Lp, to 0.1375. In order for fr to shift to 

922 MHz, Lp must be changed by 0.451% from 21.6846 which is 0.0978 mm. So, Lp becomes 21.6846 + 

0.0978 = 21.7824 mm. Tuning 6 is carried out by changing the Lp value to 21.7824 mm and has the effect of 

shifting the fr to 925.6 MHz and has an S11 value of -12.5 dB. 

Table 4 shows the tuning stages carried out and Figure 7 shows the final results of S11. In this case, tuning 

stops at tuning 6 because at tuning 6, the antenna performance already meets the specified specifications. The 

comparison of the resonant frequency and S11 for each tuning is tabulated in Table 5. The resulting frequency 

range is 916.9 – 933 MHz and the omnidirectional radiation pattern is shown in Figure 8 and Figure 9. So it 

can be said that the Original PIFA for a frequency of 900 MHz meets the specifications. Figure 8 and Figure 9 

show that the omnidirectional radiation pattern is fulfilled due to the circular shape of the radiation area 

spreading in all directions, not just in one direction, so it can receive waves or signals from any direction. 

 

Table 4. Systematic tuning process 
Variable Nominal Tuning 1 Tuning 2 Tuning 3 Tuning 4 Tuning 5 Tuning 6 

Lf 15 15 36.3926 36.3926 36.3926 36.3926 36.3926 

G 0.9502 0.9502 0.9502 0.9502 0.9502 0.9502 0.9502 

Lp 15 21.0682 21.0682 21.0682 21.5002 21.6846 21.7824 

Wp 10.23 10.23 10.23 10.6763 10.6763 10.6763 10.6763 

 

Table 5. Comparison of the results of each tuning 
Specification Nominal Tuning 1 Tuning 2 Tuning 3 Tuning 4 Tuning 5 Tuning 6 

Resonance 

Frequency 

1139 

MHz 

927.8 

MHz 

971.8 

MHz 

956.4 

MHz 
941 MHz 

934.4 

MHz 

925.6 

MHz 

S11 -4.7 dB -3.3 dB -16.7 dB -15.7 -16.8 -18.2 -12.5 
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Figure 7. Final S11 results 

 

 
Figure 8. PIFA azimuth radiation pattern 

 

 
Figure 9. PIFA elevation radiation pattern 

 

3.3. Antenna Performance Evaluation 

Based on the systematic tuning process up to tuning 6, it shows that the PIFA plan can meet the specified 

specifications. It can be seen in Table 6 that PIFA has the appropriate bandwidth and S11 values. From the 

experiments that have been carried out, the final antenna design meets the required performance. It can be seen 

that the antenna design in this research has performance that is in accordance with the references provided. 

This means that the antenna that has been designed can then be implemented can be seen in Table 7. 
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Table 6. Antenna performance 
Specification Flat PIFA Conformal PIFA 

Frequency Range 919 – 925 MHz 916.9 – 933 MHz 

Resonance Frequency 922 MHz 925.6 MHz 

Bandwidth 6 MHz 16.1 MHz 

S11 ≤ - 10 dB -12.5 dB 

Radiation Patterns Omnidirectional Omnidirectional 

 

Table 7. Comparison with the others antenna 
Ref. Resonance Frequency S11 Radiation Pattern 

[23] 2.4 GHz -15 dB Omnidirectional 

[24] 911 MHz -10 dB Omnidirectional 

[25] 957.2 MHz -16.1 dB Omnidirectional 

This Research 925.6 MHz -12.5 dB Omnidirectional 

 

4. CONCLUSIONS 

From this research it can also be concluded that by changing the shape of the antenna to a curved shape 

and adding other materials, there will be a shift in frequency and changes in antenna performance. For this 

reason, it is necessary to change the size. From research, it has been proven that using the systematic analysis 

shows more effective steps. Just using 6 steps can get the best results. This proves that using a systematic tuning 

method can increase time and step efficiency in achieving appropriate and best performance. The frequency 

shift from nominal size to tuning 6 is 213.4 MHz and the S11 value has a difference of 7.8 dB. The final results 

obtained for the resonant frequency are 925.6 MHz with a bandwidth of 16.1 MHz, S11 -12.5 dB and an 

omnidirectional radiation pattern. From the results obtained, the antenna design that was carried out met the 

required performance. So, the antenna can be recommended for further exploration, realization and integration 

with other components and application in areas with curved shapes. 
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