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Abstract

Indonesia, an archipelagic country located along the equator, is highly vulnerable to
natural disasters. At the same time, its geographical conditions require reliable
telecommunications to strengthen connectivity across its many islands. One effective
solution is the utilization of High-Frequency (HF) communication technology, which
enables  long-distance ~ communication  and  supports  broadcasting-based
telecommunications. This approach can expand available frequency channels, making
HF radio communication an important tool for disaster-prone regions like Indonesia. To
optimize HF communication, researchers have developed various models of HF channel
radio systems, often represented statistically and implemented through channel
simulators. Among these approaches, the Auto Regressive Integrated Moving Average
(ARIMA) model has been identified as particularly suitable. This is because ARIMA can
handle the non-stationary characteristics of time-series data, such as those found in HF
channel attenuation measurements. In the modeling process, several ARIMA
configurations were tested, including ARIMA (0,1,1), (0,0,5), (1,0,0), (1,0,1), (1,0,2), and
(0,0,4). From these options, two models—ARIMA (1,0,0) and ARIMA (1,0,2)—showed
the closest fit to the observed data. The final selection was made using the Akaike
Information Criterion (AIC), where the ARIMA (1,0,2) model emerged as the best. This
model provides the most accurate representation for predicting HF channel attenuation,
supporting more reliable telecommunications systems for Indonesia.
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Abstrak

Indonesia meruapakan wilayah yang dilintasi oleh garis khatulistiwa. Indonesia juga
tersusun dari beberapa pulau dan merupakan daerah yang rawan terhadapat bencana alam.
Dengan perkembangan teknologi memungkinkan wilayah kesatuan Indonesia untuk
saling terhubung satu dengan yang lainnnya yaitu dalam hal telekomunikasi khususnya
melalui penggunaan frekuensi tinggi (HF). Salah satu teknologi yang dapat mendukung
hal tersebut adalah dengan menggunakan teknologi telekomunikasi dengan basis
broadcasting. Dengan teknologi tersebut dapat meningkatkan frekuensi kanal yang baru.
Salah satunya adalah dengan menggunakan kanal radio High Frequency (HF). Para
peneliti banyak melakukan penelitian terhadap kanal radio HF baik dalam bentuk uji
statistik, desain dan implementasi dengan kanal simulator. Salah satu model yang dapat
digunakan dalam implementasi tersebut adalah dengan pemodelan Auto Regresive
Integrated Moving Avarage(ARIMA). ARIMA dapat dimodelkan berdasarkan
karakteristik dari redaman kanal HF non-stasioner terhadap waktu. Hasil pemodelan
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ARIMA yang diperoleh adalah model ARIMA (0,1,1), (0,0,5), (1,0,0), (1,0,1), (1,0,2),
dan (0,0,4). Dan dua model yang mendekati adalah ARIMA (1,0,0), dan ARIMA (1,0,2).
Salah satu model ARIMA terbaik dipilih berdasarkan kriteria AIC terkecil. Model
ARIMA terbaik adalah model ARIMA (1,0,2).

Kata kunci: Kepulauan, Kanal Simulator, Sistem Komunikasi Radio

Introduction

Indonesia is an area traversed by the equator. This geographical condition
provides great potential for utilizing natural energy sources such as solar and wind. In
terms of renewable energy, wind power offers various types of wind turbines capable of
generating high-quality renewable electricity [1]. The shape of Indonesian territory is an
archipelago. Indonesia is a region prone to natural disasters [2][3]. With the development
of technology, it is possible that the islands can be connected. Telecommunication
technology is developing very rapidly. As the telecommunications sector expands, it faces
increased threats from sophisticated criminal activities [4]. So it is possible to increase
the need for new frequency channels. HF radio communication systems have the
advantages in propagation that they can reach long track distances and communication
systems is to increase noise immunity, which allows increasing the range of the system
[5], is easy to implement. However, it is cheaper than satellite communication systems,
but HF radio communication systems are influenced by the increase in channel width and
radio frequency [6], [7]. However, a high-frequency prediction method is required to
ensure accurate forecasting of channel behavior [8].

One type of HF radio wave propagation is the sky wave, including massive
multiple-input multiple-output [9]. This type of propagation is strongly influenced by
1onospheric conditions, which can affect the quality and stability of the transmitted signal.
Higher frequencies cause more significant interference [10]. In this type of propagation,
the signal from the transmitter is reflected by the ionosphere layer so that it can reach the
receiver. With a large transmitting power, the signal on the reflected path between the
ionosphere and the earth can reach a very long distance [6], [11], [12]. The high-frequency
channel can be used as a frequency channel for disaster mitigation [4], [9]. In this context,
optimizing the allocation and utilization of available frequencies becomes crucial.
Frequency Considerations and Channel Bands take center stage, dissecting the critical
spectrum domain and exploring high-frequency millimeter-wave bands for enhanced data
rates [13]. This is because building an HF communication system is to build an HF
communication system is very easy and does not require expensive costs. NVIS mode is
considered a simple radio link during the disaster mitigation initiation process [14]. In
recent decades, researchers have done a lot of modeling of HF channels with various
models, generally, statistical channel modeling is designed and applied using channel
simulators. One model that can be applied is the Auto-Regressive Integrated Moving
Average (ARIMA) model because the ARIMA model has the characteristics that best fit
the data from HF channel attenuation measurements and used multi-dimensional
components [15]. In addition to its suitability for signal data, the ARIMA approach is also
widely used in broader research contexts. Trends in bibliometric analysis using the
ARIMA method have attracted the attention of many researchers in this field [16].
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With Arima modeling, it is necessary to consider non-stationary properties in the
time dimension to obtain high accuracy, so it is suitable for data that has non-stationary
properties [17]. Arima modeling in other telecommunication fields has been done a lot. It
1s expected that from this modeling, a model can be obtained that can be able to describe
the stochastic characteristics of HF channel variations and can be used in the simulation
and evaluation of HF communication systems. In particular, this technology achieves
optimal diversity gain in high mobility scenarios and has appealing properties in high-
frequency communication [18]. The Hf channel modeling used in this study is based on
measurement data in Indonesia’s equatorial area. Data calculation in the form of a time
domain will be modeled in univariate time series modeling, AR, MA, and ARIMA
models.

Method

Figure 1 shows the flow chart of the research method. The method is the RSL
(Receive Signal Level) value obtained from the measurement of the HF channel response
with the placement of the Transmitter at 05°16 15" North latitude and Receiver at position
95° 16' 15" East longitude. The data is processed with Minitab and SAS Software. Then
perform ARIMA modeling by generating RSL data, calculating the distribution model,
and testing statistics with the Kolmogorov-Smirnov goodness of fit test, and finally
selecting the model. Essentially, the Kolmogorov—Smirnov (KS) is a non-parametric
statistical test used to assess whether a dataset follows a particular probability distribution
[19].
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Figure 1. Flow Chart of Research Method

To get the ARIMA model, the data that has been processed by checking
stationarity in variance, namely, lambda is equal to one. If lambda is not worth one, then
the transformation is carried out until the lambda value is one. Furthermore, the ACF plot
is checked by checking the stationarity of the data in the mean is done by observing the
ACEF plot. If the ACF observation has a slow declining value, then a differencing process
must be carried out. And when it doesn't go down slowly, then the next step is the PACF
plot. Then, ACF and PACEF identification is done to determine the ARIMA conjecture
model. At this stage, the suitability of the model is further evaluated through error
estimation. Every time (ACF) and (PACF) for the series of estimated errors are tested and
the model which satisfies the two inequalities [20].
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Figure 2. Flow chart of ARIMA Modeling

Then, the alleged model is inputted into the model function in SAS software. For
the selection of the best model, several parameters need to be tested. That is to prove
whether the parameters are significant. If the parameter is significant, the p-value <0.05
is obtained. If the p-value > 0.05, then the parameters above 0.05 must be eliminated one
by one, starting from the largest to the smallest, so that all parameters have a p-value <
0.05. From these ARIMA models, one of the best ARIMA models is chosen by looking
at the ARIMA model that has the smallest AIC and SBC values.

The next step is to prove whether the residuals are normally distributed. This stage
of model diagnosis is carried out for the Kolmogorov-Smirnov residual normalization test
with a p-value> 0.05. If it is significant below 0.05, it means that the data to be tested has
a significant difference from normal data so the data is not normal. If it is the opposite,
which is above 0.05, then there is no significant difference between the data to be tested
and the normal data.

From the results of the best ARIMA model obtained for each HF channel
attenuation event, the mean and standard deviation values are checked. ARIMA models
are grouped into mean and standard deviation based on two based on mean and standard
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deviation, namely mean and standard deviation of large values and small values.
Checking the mean and standard deviation values is done using Minitab software. Each
ARIMA model calculated the mean and standard deviation values.

The best model is also seen based on the closeness of the HF channel attenuation
distribution to the measured HF channel attenuation, where each ARIMA model is
compared to the measurement results. The closer to each other, the better the ARIMA
model. As shown in Figure 4.

— Conjecture ARIMA <

Parameter
Estimastion
Check p-value
<0.05

Ljung-Box test
diagnasis :White
noise residual p-
value = 0.05

Mormalization test Kolmogorof-Smirnov p-

wvalue > 0,05

Figure 4. Flow Chart ARIMA Model Determination

Result
In this article, HF channel attenuation data are obtained, which are then used for
ARIMA modeling. The ARIMA models are analyzed and selected as the best model and
closest to the measurement results, which can describe the characteristics of HF channels
in areas crossing the equator in Indonesia as a disaster mitigation radio channel.
Table 1. Data of HF Channel Response (RSL)

Pt GT Gr Absorption Distance  Ground  Antenna RSL
local time Loss loss reflection loss Pr
(WIB) loss dBm
dBm dBi dBi dB dB dB dB
07:00:00 50 6 6 17 126 3 -12 -60,73 11,27
07:00:10 50 6 6 17 126 3 -12 -60,62 11,38
07:00:20 50 6 6 17 126 3 -12 -61,47 10,53
07:00:30 50 6 6 17 126 3 -12 -61,94 10,06
07:00:40 50 6 6 17 126 3 -12 -60,49 11,51
07:00:50 50 6 6 17 126 3 -12 -60,20 11,80
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Table 2. Recapitulation of the HF Channel Response ARIMA Modeling

No

Event

Model of Sample Event Prob. Event

9]

070122 (19:00:00-00:59:50)

290122 (01:00:00-06:59:50)
170122 (01:00:00-06:59:50)

310122 (01:00:00-06:59:50)
310122 (19:00:00-00:59:50)
040222 (01:00:00-06:59:50)

120222 (01:00:00-06:59:50)
250222 (01:00:00-06:59:50)

010122 (01:00:00-06:59:50)
030122 (01:00:00-06:59:50)
070122 (19:00:00-00:59:50)
150122 (19:00:00-00:59:50)
170122 (01:00:00-06:59:50)
210122 (19:00:00-00:59:50)
230122 (01:00:00-06:59:50)
250122 (19:00:00-00:59:50)
270122 (01:00:00-06:59:50)
020222 (01:00:00-06:59:50)
060222 (19:00:00-00:59:50)
160222 (01:00:00-06:59:50)
220222 (19:00:00-00:59:50)
260222 (01:00:00-06:59:50)
280222 (01:00:00-06:59:50)
030322 (01:00:00-06:59:50)
050322 (19:00:00-00:59:50)
090322 (01:00:00-06:59:50)
130322 (01:00:00-06:59:50)
170322 (19:00:00-00:59:50)
210322 (01:00:00-06:59:50)

270322 (01:00:00-06:59:50)
290322 (19:00:00-00:59:50)
040222 (01:00:00-06:59:50)
130122 (19:00:00-00:59:50)
270122 (19:00:00-00:59:50)
070322 (01:00:00-06:59:50)
110322 (01:00:00-06:59:50)

ARIMA
(0,1,1) 1188 3 8.3%
(1,0,1) 1980 5 13,9%

Total

0
(1.04) 396 i 2 8%
6 14652 36 100%

Table 2 shows a recapitulation of the ARIMA model of the HF channel response
where there are six models, with a total sample size of 14252 and there are 36 events. As
can be seen in Figure 5.
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Figure 5. Recapitulation of HF Channel Response ARIMA Modeling
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Figure 6. Arima (0,1,1) Model Result

From these data, the results of ARIMA modeling are obtained as shown in Figures
6 and 7, the figure can be seen for the Arima model (0,1,1) the generation results with
modeling have values that are not the same but close. While the Arima (1,0,0) model has
the same measurement value as the modeling.
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Figure 7. Arima (1,0,0) Model Result
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Conclusion

From the modeling results, six ARIMA models were obtained with the greatest
probability, namely the ARIMA (1,0,2) model of as many as 23 events (63.9%), then the
ARIMA (1,0,1) model of 5 events (13, 9%), ARIMA model (0,1,1) by 3 events (8.3%),
ARIMA model (1,0,0) by 3 events (8.3%), ARIMA model (0,0,5) by 1 event (2.8%), and
ARIMA model (1,0,4) by 1 event (2.8%). The best model validation for HF channel
attenuation is obtained by the ARIMA (1,0,2) model where the Mean Square Error (MSE)
value is the smallest, namely 0.2004 with the most dominant number of events of 23
events (63.9%) and the model is very accurate when compared to other models because
it has generated results that are close to the measurement results.

References

[1] U.L.Ibnu Aqil Albarohin, “Analisa Pengaruh Perbedaan Winding terhadap Back
EMF dan Ke pada PMSG 18s16p,” CIRCUIT J. Iim. Pendidik. Tek. Elektro, vol.
5, no. 2, pp. 189-200, 2021.

[2] K. H. William and K. D. Hutomo, “The Natural Disaster Prone Index Map Model
in Indonesia Using the Thiessen Polygon Method,” INTENSIF J. Ilm. Penelit.
Dan Penerapan Teknol. Sist. Inf., vol. 5, no. 2, 2021, doi:
10.29407/intensif.v5i2.14612.

[3] D. Kurniawati, “Komunikasi Mitigasi Bencana sebagai Kewaspadaan
Masyarakat Menghadapi Bencana,” J. SIMBOLIKA Res. Learn. Commun. Study,
vol. 6, no. 1, 2020, doi: 10.31289/simbollika.v611.3494.

[4] A. H. Tedyyana, Agus; Ahmad, Adi Affandi; Idrus, Mohd Rushdi; Mohd Shabli,
Ahmad Hanis; Abu Seman, Mohamad Amir; Ghazali, Osman; Jaroji; Abd Razak,
“Enhance Telecommunication Security Through the Integration of Support
Vector Machines.,” Int. J. Adv. Comput. Sci. Appl., vol. 15, no. 3, p. 633, 2024.

[5] V.O.V.E.M.Lobov, “Error Correction Codes Parameters Optimization in
Wideband HF Range Digital Voice Radio Links,” Russ. Fed., pp. 1-4, 2024.

[6] J. Wang, Y. Shi, C. Yang, and F. Feng, “A review and prospects of operational
frequency selecting techniques for HF radio communication,” Adv. Sp. Res., vol.
69, no. ue 8), 2022, doi: 10.1016/j.asr.2022.01.026.

[7] J. Wang, G. Ding, and H. Wang, “HF communications: Past, present, and future,”
China Commun., vol. 15, no. 9, 2018, doi: 10.1109/CC.2018.8456447.

[8] J.Z.Peng, Peng., Chen, Yuehong., Lin, Weiwei., Wang, “Attention-based CNN—
LSTM for high-frequency multiple cryptocurrency trend prediction,” Expert Syst.
Appl., vol. 1, 2024.

[91 G. Shi, Ding . Song, Linfeng. Gao, Xiqi . Wang, Jiaheng . Bengtsson, Mats., Ye
Li, “Beam Structured Channel Estimation for HF Skywave Massive MIMO-
OFDM Communications,” IEEE Trans. Wirel. Commun., vol. 23, no. 11, pp.
16301-16315, 2024.

[10] M. M. Aldi Fadilah Isma, Kartika Kartika, Asran Asran, “Design and
Development of a Monkey Repellent Device Based On Ultrasonic Waves at the
Engineering Prayer Room, Malikussaleh University,” Circuit J. Ilm. Pendidik.
Tek. Elektro, vol. 9, no. 1, pp. 24-37, 2025.

[11] X.Yang, A. Liu, C. Yu, and L. Wang, “lonospheric Clutter Model for HF Sky-
Wave Path Propagation with an FMCW Source,” Int. J. Antennas Propag., 2019,
doi: 10.1155/2019/1782942.

[12] N. M. Maslin, “Sky Wave Propagation,” in HFF Communications, 2021. doi:
10.1201/b12574-8.

[13] S.L.Muhammad Shoaib, Ghassan Husnain, Nasir Sayed, “Unveiling the 5G

CIRCUIT: Jurnal llmiah Pendidikan Teknik Elektro, Vol.9, No.2, August 2025 | 233
https://jurnal.ar-raniry.ac.id/index.php/circuit



https://jurnal.ar-raniry.ac.id/index.php/circuit

ISSN  2549-3698 Indra Jaya, et al
e-ISSN 2549-3701

[14]

[15]

[16]

[17]

[18]

[19]

[20]

Frontier: Navigating Challenges, Applications, and Measurements in Channel
Models and Implementations,” IEEE Access, vol. 12, pp. 59533-59560, 2024.
T. Dutono, Z. Zakariyah, T. Santoso, and D. Setiawan, “A Simplified Sounding
System for Finding NVIS Channel Availability to Support Government Radio
Networks in Indonesia,” Emit. Int. J. Eng. Technol., vol. 7, no. 1, 2019, doi:
10.24003/emitter.v7i1.388.

S. K. S. Shahenaz Mulla., Chaitanya B. Pande., “Times Series Forecasting of
Monthly Rainfall using Seasonal Auto Regressive Integrated Moving Average
with EXogenous Variables (SARIMAX) Model,” Water Resour. Manag., vol. 38,
pp. 1825-1846, 2024.

S.A. M. M. M. S. J. M. P. W. P. Effendi, “Trend Analysis of the ARIMA
Method: A Survey of Scholarly Works,” RIESTECH, vol. 2, no. 3, pp. 1-14,
2024.

K. Yunus, T. Thiringer, and P. Chen, “ARIMA-Based Frequency-Decomposed
Modeling of Wind Speed Time Series,” IEEE Trans. Power Syst., vol. 31, no. 4,
2016, doi: 10.1109/TPWRS.2015.2468586.

M. Bemani, Ali ., Ksairi, Nassar . Kountouris, “Integrated Sensing and
Communications With Affine Frequency Division Multiplexing,” IEEE Wirel.
Commun., vol. 13, no. 5, pp. 1255-1259, 2024.

Y. S. K. Ramakrishna Kini, Fouzi Harrou, Muddu Madakyaru, “Enhanced data-
driven monitoring of wastewater treatment plants using the Kolmogorov—
Smirnov test,” R. Soc. Chem., vol. 10, pp. 1464—1480, 2024.

M. Alzawbaee, Mohsin. and Obaid, “Determine the Best Models for Time Series
by using a New Suggested Technique,” Gen. Lett. Math., vol. 14, no. 1, p. 7,
2024.

CIRCUIT: Jurnal llmiah Pendidikan Teknik Elektro, Vol.9, No.2, August 2025 | 234
https://jurnal.ar-raniry.ac.id/index.php/circuit



https://jurnal.ar-raniry.ac.id/index.php/circuit

