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Abstract— Solar activity has a major influence on the 

condition of the ionosphere layer which causes the 

characteristics of the ionosphere layer to change every time. 

This will certainly have an impact on the success of HF radio 

communication which is very dependent on the ionosphere 

layer. One of the impacts of solar activity is the variation in the 

ionosphere layer which has an 11-year cycle phase causing 

changes in the value of foF2. This study aims to analyze the 

measurement data of the ionospheric layer (ionosonda) to see 

the effect of the half cycle of solar activity for the period 2010 

to 2015 which can be used for the Pekanbaru area, Indonesia 

with Near Vertical Incidence Skywave (NVIS) propagation 

mode. The results of the study indicate that there are 

differences in the use of working frequencies for each year that 

can be used between 2 MHz to 10 MHz, with the right 

communication time at 08.00 UTC+7 to 22.00 UTC+7. The 

change in the highest frequency value is caused by positive 

storms and negative storms that occur in the ionosphere layer 

which will interfere with high frequency radio communications 

and satellite-based navigation 

Keywords— Solar activity, NVIS, HF Radio, Ionosonda. 

I. INTRODUCTION 

Technology in the field of telecommunications continues 

to develop in supporting and providing educational 

activities, both in the form of means of using fiber optics 

[1][2][3], wireless communication[4][5][6] as well as using 

satellite communications[7][8][9][10][11]. In addition, the 

need for telecommunications is also needed in disaster 

emergencies to support information related to evacuation 

[12][13][14]. The technology that can be used for this 

condition is Radio HF (High Frequency) Radio 

Communication[15][16]. HF Radio Communication (High 

Freuency; 3-30 MHz) is one of the main solutions in disaster 

management mitigation. This is because HF radio 

communication has the advantage of being independent and 

able to reach long-distance communications. 

The propagation of radio waves in the HF spectrum 

predominantly utilizes the ionosphere layer as a medium for 

propagation of radio waves and is known as space 

propagation (Skywave). Near Vertical Incidence Skywave 

(NVIS) propagation mode is a form of space propagation 

mode that has a short range communication coverage which 

is a combination of skywave and ground wave propagation 

[17][18][19][20][21]. 

The success of communication using space propagation 

(skywave) is strongly influenced by the condition of free 

electrons in the ionosphere layer. The free electrons in the 

ionosphere will remain separated from the atoms for a short 

period of time before being attracted and combined with 

positive ions due to the influence of electrostatic forces. The 

ionization process in the ionosphere is strongly influenced 

by solar activity. The dynamic condition of the ionospheric 

layer affects the working frequency range that can be used 

in a communication circuit. With the ionospheric 

observation data in the Kototabang area, Indonesia in the 

2010-2015 period which represents the minimum phase, it 

can be used as material for analyzing the openness of NVIS 

mode radio communication channels in the Pekanbaru area. 

For now, monitoring the dynamic Ionosphere layer [22], and 

its influence on HF radio communication, has had a 

measurement station using Automatic Link Establishment 

(ALE) [23],[24], as well as using ionosonda radar [25][26]. 

II. METHODOLOGY 

The following is a flow chart of the research starting 

from the data collection to the conclusion of the study. This 

research uses ionogram data from Kototabang ionosonda 

radar observations to see variations in the openness of HF 

radio communication channels based on the reflectivity of 

the ionospheric layer. Data from the ionosonda radar which 

represents the ionosphere conditions with a radius of 300 km 

above Kototabang can be used to represent the ionospheric 
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conditions above Pekanbaru. Scaling method based on URSI 

is used to process ionogram data into fmin, fof2, h'f data 

The following is a flowchart of the stages of ionogram 

data processing. 

 
Fig. 1. Data Processing 

The stages of the ionogram data processing process 

using the scaling method. The scaling method is used to 

convert ionogram data in the form of point codes into 

numerical parameters. The data parameters to be processed 

represent the minimum frequency (fmin), critical frequency 

(foF2) and layer height F (h'f) which are used as variables 

for the calculation of LUF, MUF and OWF. 

 
Fig. 2.  Data ionogram 

 The picture above is about reading the values of fmin, 

foF2 and h'f it can be explained that : 

1. The minimum frequency value (fmin) is the lowest 

frequency value in the F layer of the ionosphere.  

2. The critical frequency value (foF2) is a value that 

represents the highest frequency in the F layer of the 

ionosphere. This characteristic value will reach its peak 

value during the day and vice versa occurs at night. 

 

3.  This characteristic value will reach its peak value during 

the day and vice versa occurs at night. 

 

a. Calculation of LUF, MUF and OWF 

Calculation of the values of Lowest Usable Frequency 

(LUF), Maximum Usable Frequency (MUF) and Optimum 

Usable Frequency (OWF) is performed to obtain a 

frequency value that can be used as a reference for the 

working frequency of HF radio communications. 

Determination of the frequency value reflected by the 

ionosphere layer can be obtained from a simple calculation 

using the secant method. In the equation of the secant 

method it is stated that the determinants of the frequency 

value reflected by the ionosphere layer are; distance (d), 

critical frequency/vertical frequency (fo/fv), and altitude (h). 

 
     Fig. 3. Calculation of LUF, MUF and OWF 

III. RESULT AND DISCUSSION 

The results of data processing are presented in the form 

of information images in the form of the minimum 

frequency (fmin), the height of the ionosphere layer (h') and 

the critical frequency in the layer (foF2). From these 

parameters, calculations can be made to determine the 

lowest usable frequency (LUF) and maximum usable 

frequency (MUF). So from this value, the best working 

frequency range can be obtained, namely the optimum 

usable frequency (OWF). 

 

A. Ionosonda Radar Observation Results 

Data from observations of the condition of the 

ionosphere layer is called ionogram data. Ionogram data 

processing is done by determining the numerical value of 

the ionospheric parameter from the altitude graph as a 

function of frequency. This process is known as the scaling 

process. The scaling process follows the standard, namely 

the Undergraduate Research Summer Institute (URSI). The 

parameters of the ionospheric layer that can be obtained 

from the scaling process include the minimum frequency 

value (fmin), critical frequency (foF2) and the height of the 

ionosphere layer (h'). The results of ionosonda radar 

observations on  1 January , 2010 at 00.00 UTC+ 7, it is 

known that the value of fmin is at a frequency of 2 MHz, the 
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value of foF2 is at a frequency of 9.37 MHz and is located at 

an altitude of 236 km above the earth's surface. Based on the 

assumption that the distance between Pekanbaru and 

Kototabang has a distance of 189 Km, it can be calculated to 

get the lowest usable frequency (LUF), maximum usable 

frequency (MUF) and Optimum usable frequency (OWF) 

values using the Secant method as follows : 

LUF = fmin
√

1

4 
𝑑2+ℎ2

ℎ
                               (1) 

LUF = 2 
√

1

4 
1892+2362
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236
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LUF = 2.154 MHz  

Meanwhile, to find the MUF value with the secant method 

as follows: 

MUF = foF2  
√

1
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ℎ
                                                      (2) 

MUF = 9,37 

√
1

4 
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2
+236
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MUF = 9,37 
√
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MUF = 9,37 
√64.626,25

236
 

MUF = 10 MHz 

So to determine the value of OWF = 0,85 x MUF 

OWF = 0,85 x 10,00 MHz 

OWF = 8.50 MHz 

 

 From the results of the calculation of the values of fmin 

and foF2 using the Secant method, it is stated in the form of 

table 1. 

 
TABLE 1. CALCULATION RESULTS VALUES OF LUF. MUF AND 

OWF. 

Time (UTC+7) LUF OWF MUF 

00.00 2,2 8,5 10 

01.00 2,1 7,7 9,1 

02.00 2,2 7,4 8,7 

03.00 2,2 6,1 7,2 

04.00 2,1 4,6 5,4 

05.00 2,1 4,1 4,9 

06.00 2,1 4,3 5,0 

07.00 2,1 6,2 7,3 

08.00 2,2 7,8 9,2 

09.00 2,2 8,3 9,8 

10.00 2,2 7,2 8,5 

11.00 2,2 7,6 8,9 

12.00 2,2 9,9 11 

13.00 4,3 12 13 

14.00 3,1 9,5 11 

15.00 3,0 6,8 8,0 

16.00 2,2 7,3 8,6 

17.00 2,3 10 11 

18.00 2,1 9,4 11 

19.00 2,1 8,5 10 

20.00 2,1 7,7 9,1 

21.00 2,1 8,0 9,4 

22.00 2,1 8,2 9,6 

23.00 2,1 7,8 9,2 

 

 
Fig. 4. Calculation Results of Daily Observation Data LUF, OWF and 

MUF. 

Figure 4 is the result of the calculation of the LUF, OWF 

and MUF values showing that the LUF and MUF 

frequencies have variations every time. The difference in 

frequency at any time is influenced by solar activity in 

emitting x-rays and Extreme Ultra Violet (UEV) rays in the 

ionosphere layer. Nilai LUF dan MUF tends to be constant 

at its lowest position at night and will rise during the day 

following the intensity of the sun. The lowest LUF value on 

the graph is at a frequency of 2.1 MHz at 01.00 UTC+7 and 

at 13.00 UTC+7 the LUF value increases at a frequency of 

4.3 MHz. Meanwhile, the lowest MUF value is at 05.00 

UTC+7on the 5 MHz frequency and at 13.00 UTC+7 the 

MUF value has increased at 13.9 MHz frequency. 

 

B. Analysis of Variations in the Openness of HF Radio 

Communication Channels 

 

Based on the results of observations of the ionospheric 

layer that have been carried out using the Kototabang 

ionosonda radar in 2010 to 2015 which represents a half 

cycle of solar activity, it can be used to determine variations 

in the openness of HF radio communication channels and 

can be seen the effects caused by solar activity. The results 

of the calculation are LUF, MUF and OWF values which 

represent the limit of working frequency for one day of 

observation. To see the results of one month ionogram 

observations, the results of the daily LUF, MUF and OWF 

calculations will be recalculated to get the monthly median 

results. The monthly LUF, MUF and OWF median values 
will be calculated to get the annual median results which 
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are used as annual observation data. The results of the 
ionogram data processing will determine the channel 

openness as well as the frequency change graph that can 
be used from 2010 to 2015. Figure 5 shows a graph of the 
LUF, OWF and MUF values in 2010 which represent the 

minimum phase of the solar cycle. 
 

 
Fig. 5. Graph of the he calculation results LUF, OWF and MUF in 2010 

In the picture above, it can be seen that the lowest 

frequency (LUF) in 2010 was at a frequency of 2 MHz and 

the highest frequency value (MUF) varied over time. The 

peak of the MUF value occurred at 15.00 UTC+7 which was 

at a frequency of 8.9 MHz. This change is due to the fact 

that during the day the ionosphere layer gets more x-rays 

and extreme ultra-violet rays, which are more in the F 

ionosphere layer. Meanwhile, at 06.00 UTC+7 the MUF 

value decreased significantly at the frequency of 2.4 MHz. 

This is because at night until the early morning the number 

of electrons in the ionosphere layer becomes less caused by 

a decrease in the emission of x-rays and extreme ultra violet 

rays from the ionosphere layer. 
 

 
Fig. 6. Graph of the calculation results LUF, OWF and MUF in 2011 

In the picture above, it can be seen that the lowest 

frequency (LUF) in 2011 was at a frequency of 2 MHz and 

the highest frequency value (MUF) varied over time. The 

peak of the MUF value occurred at 16.00 WIB, which was 

at a frequency of 11 MHz. This change is due to the fact that 

during the day the ionosphere layer gets more x-rays and 

extreme ultra-violet rays, which are more in the F 

ionosphere layer. Meanwhile, at 05.00 UTC+7 the MUF 

value decreased significantly at the frequency of 2.3 MHz. 

This is because at night until the early hours of the morning 

the number of electrons in the ionosphere layer becomes 

less due to a decrease in the emission of x-rays and extreme 

ultra violet rays from the ionosphere layer. 

 

 
Fig. 7. Graph of the calculation results LUF, OWF and MUF in 2012 

In the picture above, it can be seen that the lowest 

frequency (LUF) in 2012 was at a frequency of 2 MHz and 

the highest frequency value (MUF) varied over time. The 

peak of the MUF value occurred at 16.00 UTC+7 which was 

at a frequency of 9.7 MHz. This change is due to the fact 

that during the day the ionosphere layer gets more x-rays 

and extreme ultra-violet rays, which are more in the F 

ionosphere layer. Meanwhile, at 06.00 UTC+7 the MUF 

value decreased significantly at the frequency of 3.6 MHz. 

This is because at night until the early hours of the morning 

the number of electrons in the ionosphere layer becomes 

less due to a decrease in the emission of x-rays and extreme 

ultra violet rays from the ionosphere layer. 

 
Fig. 8. Graph of the calculation results LUF, OWF and MUF in 2013 

In the picture above, it can be seen that the lowest 

frequency (LUF) in 2013 was at a frequency of 2 MHz and 

the highest frequency value (MUF) varied over time. The 

peak value of MUF occurs at 09.00 UTC+7 which is at a 

frequency of 11 MHz. This change is due to the fact that 

during the day the ionosphere layer gets more x-rays and 

extreme ultra-violet rays, which are more in the F 

ionosphere layer. Meanwhile, at 05.00 UTC+7 the MUF 

value decreased significantly at the frequency of 3.1 MHz. 
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This is because at night until the early hours of the morning 

the number of electrons in the ionosphere layer becomes 

less due to a decrease in the emission of x-rays and extreme 

ultra violet rays from the ionospherelayer. 

 

 
Fig. 9. Graph of the calculation results LUF, OWF and MUF in 2014 

In the picture above, it can be seen that the lowest 

frequency (LUF) in 2014 was at a frequency of 2 MHz and 

the highest frequency value (MUF) varied over time. The 

peak value of MUF occurs at 13.00 UTC+7 which is at a 

frequency of 10 MHz. This change is due to the fact that 

during the day the ionosphere layer gets more x-rays and 

extreme ultra-violet rays, which are more in the F 

ionosphere layer. Meanwhile, at 05.00 UTC+7 to 06.00 

WIB, the MUF value decreased significantly at the 5.0 MHz 

frequency. This is because at night until the early hours of 

the morning the number of electrons in the ionosphere layer 

becomes less due to a decrease in the emission of x-rays and 

extreme ultra violet rays from the ionosphere layer. 

 

 
Fig. 10. Graph of the calculation results LUF, OWF and MUF in 2015 

In the picture above, it can be seen that the lowest 

frequency (LUF) in 2014 was at a frequency of 2 MHz and 

the highest frequency value (MUF) varied over time. The 

peak of the MUF value occurred at 09.00 UTC + 7 which 

was at a frequency of 10 MHz. This change is due to the fact 

that during the day the ionosphere layer gets more x-rays 

and extreme ultra-violet rays, which are more in the F 

ionosphere layer. Meanwhile, at 05.00 UTC+7 the MUF 

value decreased significantly at the 4.1 MHz frequency. 

This is because at night until the early morning the number 

of electrons in the ionosphere layer becomes less caused by 

a decrease in the emission of x-rays and extreme ultra violet 

rays from the ionospherelayer. 

 

 
Fig. 11. Graph of Changes in LUF and MUF Values from 2010 to 2015 

Figure 11 shows a graph of changes in the frequency of 

LUF and MUF from 2010 to 2015 which represents a half 

cycle of solar activity. Based on the graph, it can be 

analyzed that the LUF frequency from 2010 to 2015 did not 

change and tended to be stable at 2 MHz because the 

minimum frequency in layer E did not experience a high 

enough ionization process. The year 2010 is the initial phase 

of solar activity and tends to be in a calm condition because 

changes that occur in the Earth's magnetosphere have a 

significant contribution to the structure and dynamics of the 

ionosphere. Changes in the MUF value experienced a 

significant increase in 2010 to 2011 and 2013 to 2014 due to 

the increase in geomagnetic activity, plasma density and 

electric field in the low latitude ionosphere layer. Changes 

in the MUF value which decreased from 2011 to 2012, 2012 

to 2013 and 2014 to 2015 were caused by negative storms 

that occurred in the ionosphere layer. This negative storm 

will cause a negative effect by changing the density of the 

ionosphere due to the transportation process. Negative 

storms are caused by changing the composition of the 

atmosphere due to reduced ionized plasma. 

IV. CONCLUSION 

Based on the research that has been done by Data analysis 

of Near Vertical Incidence Skywave (NVIS) Propagation In 

Pekanbaru, it can be concluded as follows: 

1. The effect of solar activity on the ionosphere layer in the 

Pekanbaru area can affect the openness of the HF radio 

channel as evidenced by the difference in the use of 

working frequency every year, 

2. The working frequency that can be used in 2010 is 2 

MHz to 9 MHz, with the dominant frequency being 7 

MHz. In 2011 the working frequency that can be used is 

2.1 to 9.1 MHz, with the dominant frequency being 8 

MHz.  

3. The working frequency that can be used in 2012 the 

working frequency that can be used is 2 to 9 MHz, with 

the dominant frequency being 6.7 MHz. while in 2013 

the working frequency that can be used is 2 to 10 MHz, 

with a dominant frequency of 6 MHz. 

4. In 2014 the working frequency that can be used is 3 to 8 

MHz, with a dominant frequency of 7 MHz. In 2015 the 
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working frequency that can be used is 2 to 10 MHz, with 

a dominant frequency of 7 MHz. 

5. The lowest usable frequency (LUF) in the half cycle is 

at a frequency of 2 MHz and tends to be stable because 

the minimum frequency in layer E does not experience a 

high enough ionization process.  

6.  The value of the maximum usable frequency (MUF) 

experiences variations, changes in frequency tend to 

increase due to positive storms and changes in frequency 

decrease due to negative storms that occur in the 

ionosphere layer. 
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