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The need for food in the form of agricultural products is currently 
increasing along with the growth of the world's population. However, the 
workforce in the agricultural sector in the modern era is decreasing 
because many young people are reluctant to become farmers. Therefore, 
the concept of Smart Farming emerged to overcome this problem by 
helping farmers manage and run agriculture efficiently using modern 
technology that can work automatically or be monitored or operated 
remotely using the internet network, for example, the Internet of Things 
(IoT) Smart Farming. However, agricultural areas located in remote or 
isolated villages are difficult to reach by terrestrial internet network 
infrastructure. Therefore, Low Earth Orbit (LEO) satellite broadband 
network infrastructure can be a new solution, so it needs to be researched. 
This research analyzes the Quality of Service (QoS) of LEO satellite 
broadband networks in IoT Smart Farming. The methods used consist of 
prototyping, experimentation, and analysis. QoS analysis based on 
throughput, packet loss, delay, and jitter parameters. The results of the 
experiment and analysis of this study indicate that the throughput value 
is 1243 bps. The speed test results show an average download speed of 
88,89 Mbps and an upload speed of 14,08 Mbps. The packet loss value is 
0%, which means that all packets were successfully sent. The average 
delay value is 97 ms. The jitter value is 26 ms. The results of this study 
can be further studied and developed for other use cases that are 
constrained by terrestrial internet network infrastructure. 

 

I. INTRODUCTION 
HE need for food in the form of agricultural products is currently increasing along with the growth of the 
world's population [1]. However, the workforce in the agricultural sector in the modern era has decreased 
because the majority of young workers in Indonesia are less interested in becoming farmers and prefer to 

work in the manufacturing or service sectors in urban areas [2]. To overcome this problem, Smart Farming 
technology can be a new solution in increasing the production of agricultural products with minimal labor and costs 
because it can work automatically [3]. Smart Farming is a new idea to manage agriculture more efficiently by 
utilizing modern technologies such as IoT and broadband networks [4]. One of the advantages of Smart Farming, 
based on the research of Agbenyo et. al. in 2022 in Ghana, it was shown that the application of Smart Farming in 
the fields of weather and irrigation can increase agricultural production productivity and increase farmer income 
by 8.6% to 11.1% [5]. Research results from Samuel et. al. in 2024 showed that the adoption of Smart Farming for 
climate technology increased farmers' incomes by 40% in India [6]. Based on an online article (published on March 
20, 2025) on the website of Balai Besar Pelatihan Pertanian (BBPP) Ketindan, Lawang, Malang, Indonesia, it was 
stated that in recent years, the transformation of the agricultural sector towards Smart Farming has grown rapidly 
in Indonesia. Therefore, the Indonesian government continues to encourage agricultural digitalization as part of the 
national food security strategy and improving farmer welfare [7]. In a scientific article, Lestari et. al. in 2024 
proposed that the implementation of Smart Farming [8], especially smart irrigation systems, is expected to increase 
agricultural productivity so that it can increase farmers' income. Smart Farming certainly has the potential to 
increase farmers' income by reducing manual labor and minimizing waste of resources such as water. In addition, 
it will also support national food security by optimizing agricultural output due to data-based decision making. 
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IoT can improve the production and quality of agricultural products because it allows farmers to monitor 
crop conditions in real time and control agricultural equipment remotely [9]. IoT based on Wireless Sensor Network 
(WSN) is an efficient technology for IoT Smart Farming in large agricultural areas [10], [11]. Therefore, it is 
necessary to install wireless internet network infrastructure in large agricultural areas to support IoT in Smart 
Farming. There are three types of broadband network infrastructure that can provide wireless internet with Wi-Fi 
interfaces to support IoT connectivity in Smart Farming: cable, cellular, and satellite [12]. Only cellular or LEO 
satellite broadband networks are suitable for implementation in Smart Farming on large agricultural lands and in 
rural or remote areas [13], [14]. However, cellular networks in remote agricultural areas are sometimes inadequate 
or even unavailable [15]. Therefore, the LEO satellite broadband network can be a new solution, so it needs to be 
studied, especially Starlink, a SpaceX product that has been marketed to Indonesia in 2024. 

In many cases, Smart Farming equipment relies on wireless communications, such as WSN, using radio 
frequencies, such as cellular or satellite networks [16]. Farmers in Smart Farming use satellite-based, cellular, and 
fixed wireless broadband network technologies with Wi-Fi interfaces to make real-time decisions about their fields, 
crops, equipment, and farming facilities [12]. Cellular communication technologies such as 3G, 4G, LTE, and 5G 
are suitable technologies that can be relied on for IoT Smart Farming because they can transmit and manage farming 
data in real-time [15]. However, in most cases, farmland in remote areas is not fully covered by cellular networks 
and other forms of internet connectivity. Satellite internet technology is a promising solution in providing internet 
connectivity throughout the earth, including remote areas where terrestrial broadband network infrastructure is 
difficult to build [13]. In particular, LEO satellites can provide broadband connection services with high bandwidth 
and low latency. LEO satellites are popular communication satellites [17], with an altitude of between 100 - 2000 
Km orbiting the earth very quickly [15]. LEO satellites move in and out of the line of sight (LOS) regularly every 
9 - 10 minutes. LEO satellite networks offer extensive coverage and flexibility when compared to alternatives such 
as mesh networks or hybrid solutions that combine several terrestrial network infrastructures, such as cellular 
networks and fiber optic cables, whose infrastructure is static and relatively expensive to scale. The study of QoS 
of LEO satellite networks which is limited in Indonesia will be answered in this research, especially in the IoT 
Smart Farming use case. In Indonesia there are still many rural areas, mountains and remote islands. The advantage 
of the LEO Starlink satellite is that it can provide internet access in areas that are difficult to reach by conventional 
internet network infrastructure, such as fiber optic cables and cellular networks that are not economical to build in 
these areas due to high installation costs and low potential returns on investment [18]. Starlink can provide 
broadband internet connection without geographical barriers. Users need to install a LEO Starlink satellite signal 
receiver antenna with a direct view of the sky and subscribe to get an internet connection that is claimed to be 
comparable to broadband services in urban areas. The LEO Starlink satellite has an altitude of 1110-1325 km using 
the Ku and Ka bands with a latency of 25 - 35 ms, while at an altitude of 340 km it has a latency of 10 - 15 ms [19]. 
The latency of LEO satellite communication is affected by its altitude. Therefore, this study uses the LEO Starlink 
satellite because it has the lowest latency when compared to OneWeb and Telesat. 

In Indonesia, there have been several studies related to the application of LEO satellites in several fields, 
such as testing natural disaster data collection in Indonesia via satellite-based Long Range (LoRa) [20], designing 
a data collection platform using LEO satellite-based LoRa for disaster management in Indonesia [21], a method for 
monitoring forest temperatures in Indonesia using IoT and with LEO satellites [22], and designing microsatellite 
imaging using LEO satellites to prevent illegal fishing in Indonesia [23]. In addition, there is also research related 
to the calculation of Equivalent Power Flux Density (EPFD) for downlink evaluation in Indonesia with non-GSO 
(LEO) satellites using Starlink, and for GSO satellites using Telkom 3S at Ku band frequencies [24], an 
investigation to determine uplink interference between NGSO (LEO) and GSO satellites at Ku band frequencies 
using Starlink and Telkom 3S satellites as case studies in Indonesia [25], and a case study on Starlink and Telkom 
3S satellites in Indonesia to investigate interference between LEO and GSO satellites at Ku band frequencies [26]. 
Based on the results of literature searches on online scientific databases and open sources, there has been no 
research related to the implementation and analysis of LEO satellite networks for the IoT Smart Farming use case 
in Indonesia. Therefore, this research implements a LEO satellite broadband network for IoT Smart Farming and 
analyzes QoS. This research analyzes the QoS of LEO satellite broadband networks on IoT Smart Farming to 
determine the quality of its performance. The methods used in this research consist of prototyping, experiments, 
and analysis. Prototyping refers to the System Development Life Cycle (SDLC) [27]. Experiment to collect and 
measure QoS of LEO satellite broadband network with data packet delivery test scenario on IoT Smart Farming. 
Analysis based on QoS parameters in the Telecommunications and Internet Protocol Harmonization Over Networks 
(TIPHON): throughput, packet loss, delay, and jitter value [28]. 
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The results of this research are expected to be used as recommendations for stakeholders such as farmers, 
entrepreneurs, government in the field of agriculture, or researchers in determining the suitable broadband network 
infrastructure for IoT Smart Farming in remote areas. Referring to and improving previous studies, this study will 
provide empirical data on the QoS of LEO satellite broadband networks based on experimental results from real 
implementations using Starlink on IoT Smart Farming in agricultural land in rural areas of Indonesia. The results 
of this study offer new insights and empirical data gaps in the existing literature. 

II. METHOD 
As explained in the background, the research methods used in this research are prototyping, experimentation, 

and analysis. Prototyping to develop devices and systems in this study. Prototyping refers to the SDLC, which 
consists of the stages of requirements analysis, design, implementation, and testing [27]. Experiments for 
broadband network QoS measurement based on the TIPHON to determine the QoS parameter values consisting of 
throughput, packet loss, delay, and jitter value [28]. The analysis represents the experimental data to determine the 
QoS of LEO satellite broadband networks for IoT Smart Farming. The research stages are based on this research 
method. This research stage consists of literature study, system requirements identification, system design, 
implementation, testing, experiment, data collection, analysis, and publication of research results. The research 
stages diagram is presented in Figure 1. 
 

 
Figure 1. Research Stages Diagram 

 
This research is carried out sequentially according to the stages of this research. Starting from the stages of 

literature study, system requirements identification, system design, implementation, testing, experiments, data 
collection, and publication of research results. This research began on 3 January 2025 to 7 May 2025. Literature 
search at the literature study stage in online scientific databases and open sources that provide literature and research 
related to this research. System requirements identification based on the results of literature studies and the results 
of the gap discovery process from previous literature and research. The system design refers to the literature and 
the objectives of this research. Implementation is in accordance with the system design and is carried out with the 
required technical competencies, such as IoT programming skills and network configuration. Testing after the 
implementation stage is complete to ensure that the implementation results are ready to be used for experimental 
activities in this research. Experiments are the core of this research which aims to obtain empirical data in 
accordance with the objectives of this research. Data collection is the process of collecting data from experiments. 
Analysis is a stage for interpreting experimental research data to become knowledge as a result of this research. 
Publication aims to report the results of this research to the public so that they can be used for further research and 
decision making. The stages of this research are explained in detail in each sub-chapter of this section. 
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A. Literature Study 
The literature study stage is to find out the latest information and research on broadband technology in IoT 

Smart Farming in order to find gaps in previous research and determine the novelty in this research. In addition, 
the literature study stage is also used to determine the scope and use cases used in the research or being researched. 
The IoT Smart Farming use case used in this research is an automatic irrigation system with the MQTT protocol 
using the Telkom IoT Platform. Irrigation is an important factor in agriculture [29]. IoT Smart Farming technology 
can improve the quality of agricultural production by monitoring soil water levels using sensors and actuators to 
effectively manage irrigation systems in agricultural areas [30]. Automatic irrigation systems are at the heart of 
Smart Farming [31]. The function of the automatic irrigation system is to provide and maintain a stable and optimal 
water supply for plants so that plants can grow ideally and the impact of agricultural production will increase. IoT 
Smart Farming consists of sensors that collect data on agricultural environmental conditions, data communication 
networks from sensors in agricultural areas with control stations for decision-making, control systems and actuators 
based on data from sensors, and data visualization applications for analysis [32]. The automatic irrigation system 
in IoT Smart Farming autonomously turns on or off the irrigation pump motor based on the data on the level of soil 
moisture content of the agricultural land read by the sensor [29]. The IoT Smart Farming architecture of the 
automatic irrigation system is presented in Figure 2. 
 

 
Figure 2. IoT Smart Farming Architecture of Automatic Irrigation System 

 
Broadband networks in rural areas are related and useful to support agriculture with IoT Smart Farming 

technology [33]. Reliable and fast broadband network access is not only a necessity in many aspects of daily life 
but also an important component of activities related to the agricultural sector [34], such as IoT Smart Farming. 
The application of broadband network connectivity to agricultural technology, such as IoT Smart Farming, can 
generate added value and economic benefits. Several studies have found that the availability of broadband networks 
has a significant impact on profitability in the agricultural sector. In remote areas where connectivity through 
cellular communication is not available, satellite systems are considered a better alternative to cellular systems to 
provide internet network connectivity [15]. Currently, LEO satellite broadband network services are increasingly 
available and affordable [35]. The aspects that make LEO satellites attractive are coverage, system capacity, 
latency, and cost [17]. In addition, the relatively lower latency compared to MEO and GEO satellite systems, path 
loss, and production and launch costs make LEO satellites very attractive to various industries [19], as illustrated 
in Figure 3. Therefore, this research analyzes the QoS of LEO satellite broadband networks. 
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Figure 3. Potential Applications of LEO Satellite Communications [36] 

 

B. System Requirements Identification 
The system requirements identification stage is to identify the system requirements studied and used in this 

research, such as hardware, software, and network infrastructure device requirements. To support this research, 
researchers use a combination of hardware, software, and network devices. Hardware devices are used as the IoT 
system media. Software is used to program the IoT. Network devices are used for communication between the IoT. 
There are several hardware, software, and network infrastructure devices used in this research. The hardware 
consists of an ESP8266 microcontroller [37], [38], [39], v1.2 capacitive soil moisture sensor [40], [41], DHT22 
temperature and humidity sensor [42], [43], relay for actuator control, 18650 battery, and cables. The software used 
are Arduino IDE, draw.io, Telkom IoT Platform [44], MQTT protocol [45], and Microsoft Excel for analyzing 
research data. The network devices used are Wi-Fi AP and LEO satellite antennas from Starlink [46]. 

C. System Design 
The system design stage involves designing the system and devices used and studied in this research. System 

design according to the objectives of this research. The schematic design of the IoT Smart Farming automatic 
irrigation system in this research is presented in Figure 4. 
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Figure 4. IoT Smart Farming Scheme Design in This Research 

 
Data of the soil moisture, temperature, and air humidity values in the agricultural environment are sent from 

the sensor device to the actuator device via the LEO satellite broadband network. Sending data packets using the 
MQTT protocol with an MQTT broker provided by the Telkom IoT Platform. Farmers can monitor data on soil 
moisture, temperature, and air humidity in their agricultural environment via the Telkom IoT Platform dashboard. 
Data on temperature and humidity in agricultural environments can be used to analyze the relationship between 
temperature and humidity and the health of agricultural plants using statistics [47]. Soil moisture value data is used 
as a parameter to determine the activation of the plant irrigation water pump actuator based on the values 
determined according to the type of plant. Therefore, it is important to measure and analyze the QoS of the network 
used, especially the LEO satellite broadband network used in the study, because the QoS of the network will affect 
the performance and response time of the IoT Smart Farming automatic irrigation system. 

D. Implementation 
The implementation stage consists of assembling the devices used for research and programming the IoT 

Smart Farming automatic irrigation system. The programming language used is C++ for implementing the 
programming source code on the hardware microcontroller. The flowchart diagram of the IoT Smart Farming 
program in this research is presented in Figure 5. 

E. Testing 
The testing stages to ensure that the assembled and programmed device can run and function properly 

according to the design and research objectives. Testing is performed in the laboratory after the research device is 
assembled and programmed. Testing aims to ensure that the devices and systems are ready to be used for 
experiments with the variables determined in this research. Testing is also to ensure that devices and systems are 
ready for use in scenarios in research experiments. 

F. Experiment 
The experimental stage is conducting experiments on research scenarios and variables. The experimental 

scenario consists of sending data packets from a sensor device to an actuator. The scenario was conducted in two 
sessions. Each session was 100 times sending data packets from the sensor device to the actuator. The location of 
this research experiment is in the agricultural land area belonging to Balai Besar Pelatihan Pertanian (BBPP), 
Lembang, Bandung Barat, Jawa Barat, Indonesia. 
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(a) Sensor Device Program (b) Network Layer Program (c) Actuator Device Program 

Figure 5. Flowchart diagram of the IoT Smart Farming Program 
 

G. Data Collection 
The data collection stages to collect data from the results of the experimental stages. The data collected 

includes the size of data packets for throughput analysis, the number of data packets sent by the sensor device and 
data successfully received by the actuator device for packet loss analysis, the duration of the transmission time 
from the sensor device to the actuator for delay and jitter analysis. In this research, a serial monitor is used to 
monitor the time when data packets are sent from sensors and the time when data packets are received by actuator 
devices. The time values for sending data packets and receiving packets displayed on the serial monitor are then 
recorded and collected for delay and jitter analysis. Using a serial monitor because it can show time to millisecond 
accuracy. Data collection of data packet sending time from sensor devices and data packet receiving time on 
actuator devices displayed on the serial monitor is presented in Figure 6. 
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Figure 6. Data Collection of Data Packet Delivery Time on Serial Monitor 

 

H. Analysis 
The analysis stage involves analyzing research data that has been collected from the results of experiments. 

Analysis based on QoS parameters according to TIPHON including throughput, packet loss, delay, and jitter [48]. 
The throughput parameter measures the data transmission capability on a network by dividing the number of data 
packets received by the transmission time [49]. Throughput is equal to the total number of large data packet sizes 
that enter the network and successfully reach the recipient during a certain time interval divided by the duration of 
that time [48]. The calculation of the throughput value is presented in Equation 1. 
 

𝑇𝑇ℎ𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟ℎ𝑝𝑝𝑟𝑟𝑝𝑝 (𝑏𝑏𝑝𝑝𝑏𝑏)  =  
∑ 𝑏𝑏𝑠𝑠𝑠𝑠𝑠𝑠 𝑟𝑟𝑜𝑜 𝑑𝑑𝑑𝑑𝑝𝑝𝑑𝑑 𝑝𝑝𝑑𝑑𝑝𝑝𝑝𝑝𝑠𝑠𝑝𝑝 𝑏𝑏𝑠𝑠𝑠𝑠𝑝𝑝 (𝑏𝑏)
∑𝑑𝑑𝑑𝑑𝑝𝑝𝑑𝑑 𝑝𝑝𝑑𝑑𝑝𝑝𝑝𝑝𝑠𝑠𝑝𝑝 𝑑𝑑𝑠𝑠𝑑𝑑𝑠𝑠𝑑𝑑𝑠𝑠𝑟𝑟𝑑𝑑 𝑝𝑝𝑠𝑠𝑚𝑚𝑠𝑠 (𝑏𝑏) (1) 

 
Packet loss parameters are parameters used to determine the percentage of data packets that fail to reach their 

destination [49]. The packet loss value is obtained by calculating the number of data packets sent minus the number 
of data packets that were successfully sent to their destination, then divided by the number of data packets sent, 
then multiplied by 100% to obtain the packet loss value in percentage form. The calculation of the packet loss 
percentage is presented in Equation 2. The result of the calculation of Equation 2 is the percentage value of packet 
loss which can be a QoS parameter based on the QoS category that represents the QoS of a network. Packet loss is 
a QoS parameter that describes a condition that shows the number of lost data packets, which can occur due to data 
packet collisions and congestion during the transmission process in the network. 
 

𝑃𝑃𝑑𝑑𝑝𝑝𝑝𝑝𝑠𝑠𝑝𝑝 𝑑𝑑𝑟𝑟𝑏𝑏𝑏𝑏 (%)  =  
∑𝑑𝑑𝑑𝑑𝑝𝑝𝑑𝑑 𝑝𝑝𝑑𝑑𝑝𝑝𝑝𝑝𝑠𝑠𝑝𝑝 𝑏𝑏𝑠𝑠𝑠𝑠𝑝𝑝 −  ∑𝑑𝑑𝑑𝑑𝑝𝑝𝑑𝑑 𝑝𝑝𝑑𝑑𝑝𝑝𝑝𝑝𝑠𝑠𝑝𝑝 𝑟𝑟𝑠𝑠𝑝𝑝𝑠𝑠𝑠𝑠𝑑𝑑𝑠𝑠𝑑𝑑

∑ 𝑑𝑑𝑑𝑑𝑝𝑝𝑑𝑑 𝑝𝑝𝑑𝑑𝑝𝑝𝑝𝑝𝑠𝑠𝑝𝑝 𝑏𝑏𝑠𝑠𝑠𝑠𝑝𝑝  ×  100% (2) 

 
Delay refers to the duration of time required for a data packet to be sent from the sender to the receiver, 

indicating the length of time the data packet is transmitted [49]. The delay value is obtained by calculating the time 
the data packet is sent to its destination minus the data delivery time [48]. The average delay value is obtained by 
calculating the sum of the delays of all packets sent divided by the number of data packets sent. The average delay 
is presented in Equation 3. The average delay value can be a QoS parameter. 
 

𝐴𝐴𝑑𝑑𝑠𝑠𝑟𝑟𝑑𝑑𝑟𝑟𝑠𝑠 𝑑𝑑𝑠𝑠𝑑𝑑𝑑𝑑𝑑𝑑 (𝑚𝑚𝑏𝑏)  =  
∑𝐷𝐷𝑠𝑠𝑑𝑑𝑑𝑑𝑑𝑑 (𝑚𝑚𝑏𝑏)

∑𝑑𝑑𝑑𝑑𝑝𝑝𝑑𝑑 𝑝𝑝𝑑𝑑𝑝𝑝𝑝𝑝𝑠𝑠𝑝𝑝 𝑏𝑏𝑠𝑠𝑠𝑠𝑝𝑝 
(3) 

 
Jitter is the variation in the arrival time of data packets at the destination on a network [48]. Jitter occurs due 

to the difference in arrival time of data packets at the receiver [50]. The smaller the jitter value, the better the 
network [51]. To calculate the jitter value, a delay variation value is required which is formulated by subtracting 
the data sending delay from the previous delay, then after the delay variation value is obtained, jitter can be 
determined by dividing the delay variation value by the number of packets received minus one [48]. The calculation 
of the jitter value is presented in Equation 4. 
 

𝐽𝐽𝑠𝑠𝑝𝑝𝑝𝑝𝑠𝑠𝑟𝑟 (𝑚𝑚𝑏𝑏)  =  
∑ 𝐷𝐷𝑠𝑠𝑑𝑑𝑑𝑑𝑑𝑑𝑖𝑖𝑛𝑛
𝑖𝑖=1 − 𝐷𝐷𝑠𝑠𝑑𝑑𝑑𝑑𝑑𝑑𝑖𝑖−1

𝑠𝑠 −  1  (4) 

n = data packets received 
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I. Publication of Research Results 
The stages of publication of research results to publish the results of this research. The results of this research 

are expected to be utilized by stakeholders, such as farmers, agricultural government, entrepreneurs, and 
researchers. It is also hoped that the results of this research can be studied further by researchers and practitioners. 

III. RESULT AND DISCUSSION 
The results of the implementation of this research system design are in the form of IoT Smart Farming 

automatic irrigation devices and systems. The devices and systems are used as use cases to analyze the QoS of 
LEO satellite broadband networks. The sensor devices and actuator modules of the IoT Smart Farming automatic 
irrigation system are presented in Figure 7. 
 

  
(a) Sensor Device (b) Actuator Module Device 

Figure 8. Wi-Fi AP Devices and LEO Satellite Broadband Network Antennas 
 

The sensor device consists of an ESP8266 microcontroller, a v1.2 capacitive soil moisture sensor, a DHT22 
temperature and humidity sensor, a 99000 mAh 18650 battery, jumper cables, and a waterproof plastic packaging 
box to protect the device from rain and irrigation water. The actuator module device as an on/off control switch 
connected to the irrigation water pump consists of an ESP8266 microcontroller, a 3v relay, a 99000 mAh 18650 
battery, jumper cables, and a waterproof plastic packaging box to protect the device. The sensor device and actuator 
module are connected to the Wi-Fi AP of the LEO satellite broadband network wirelessly using the ESP8266 
microcontroller. The Wi-Fi AP device and LEO satellite broadband network antenna are presented in Figure 8. 
 

  
(a) Wi-Fi AP Device (b) Starlink Satellite Antenna 

Figure 8. Wi-Fi AP Devices and LEO Satellite Broadband Network Antennas 
 
Sending data packets from sensor devices to actuator module devices using the MQTT protocol with an MQTT 
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broker from Telkom IoT Platform. The payload is sent in JSON format. Here is an example of the payload sent: 
 
Payload = {"packageNumber":1,"timestamp":"24 Mar 2025 14:02:21.185","airTemperature":26.80,"airHumidity":65.90,"soilMoisture":0, 
"ADCvalue":658," packageSize":156} 
 

The payload is sent from the sensor device to the actuator using the MQTT protocol via the Telkom IoT 
Platform server and application. The payload is processed in the Telkom IoT Platform server and displayed on the 
application dashboard so that farmers can monitor the environmental conditions of their farms through IoT Smart 
Farming sensors placed on their farmland. Data on soil moisture, temperature and agricultural air humidity can be 
used by farmers to analyze the relationship between soil moisture, temperature and air humidity with the health of 
agricultural plants using statistical methods. The Telkom IoT Platform application display is presented in Figure 9. 
 

 
Figure 9. Telkom IoT Platform Application Dashboard 

 
The IoT Smart Farming automatic irrigation system and devices built as a use case in this research can work 

well according to design. The sensor device can send data to the actuator device for irrigation pump control via a 
wireless network using the MQTT protocol. If the soil moisture value is less than the set parameter of 60%, which 
means the soil is dry, then the automatic irrigation system will be active. If the soil moisture value is more than 
60%, which means the soil is wet or normal, then the automatic irrigation system will be deactivated. With an 
automatic irrigation system, farmers do not need to water the plants manually, of course it will save farmers energy 
and time. After the entire IoT Smart Farming automatic irrigation system and devices are completed and can run 
according to their function, the next step is to analyze the QoS of the LEO satellite broadband network. 

The main focus of this research is to analyze the QoS of LEO satellite broadband network from Starlink, 
especially for IoT Smart Farming in agricultural areas at BBPP Lembang, Bandung Barat, Jawab Barat, Indonesia. 
The data analyzed is based on the experimental results according to the scenario. QoS analysis based on TIPHON 
parameters, including throughput, packet loss, delay, and jitter. 

A. Throughput 
In the first experiment, 100 data packets were sent. The size of the first to tenth data packet is 156 bytes 

(1248 bits). The size of the eleventh to ninety-ninth data packets is 157 bytes (1256 bits). The size of the hundredth 
data packet is 158 bytes (1264 bits). Total data packet size in the first experiment: 
 
(10 packets x 1248 bits) + (89 packets x 1256 bits) + (1 packet x 1264) = 125528 bits 
 

Based on Equation 1, the throughput value is equal to the total number of large data packet sizes that enter 
the network and successfully reach the recipient during a certain time interval divided by the duration of that time. 
In the first experiment, 100 data packets from the sensor device to the actuator device were successfully sent, and 
all packets were successfully received. The first packet was sent from the sensor device at 14:02:21.340 UTC+7. 
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The hundredth packet was received by the actuator device at 14:04:01.888 UTC+7. So, the duration of time from 
sending the first data packet from the sensor device to the hundredth packet being received by the actuator device 
is 00:01:40.548 (101 seconds). Throughput values from the first experiment: 
 
𝑇𝑇ℎ𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟ℎ𝑝𝑝𝑟𝑟𝑝𝑝 (𝑏𝑏𝑝𝑝𝑏𝑏) =  

125528 𝑏𝑏𝑠𝑠𝑝𝑝𝑏𝑏
101 𝑏𝑏𝑠𝑠𝑝𝑝𝑟𝑟𝑠𝑠𝑑𝑑𝑏𝑏 = 1242,9 𝑏𝑏𝑝𝑝𝑏𝑏 

 
The throughput value obtained in the first experiment was 1242,9 bps (rounded to 1243 bps). In the second 

experiment, the size and number of data packets sent from the sensor device to the actuator device were the same 
as in the first experiment. The first data packet in the second experiment was sent from the sensor device at 
14:37:54.931 UTC+7. The hundredth data packet of the second experiment was received by the actuator device at 
14:39:35.581 UTC+7. So, the duration of sending the first to hundredth data packets in the second experiment is 
00:01:40.650 (101 seconds). The data packet size and packet delivery duration in the first and second experiments 
were the same, so the throughput value calculation results were the same: 1242,9 bps. Because the data packet size 
of the IoT device is relatively small, for example, the throughput value of the experimental results in this study was 
only 1243 bps, then a measurement was carried out using speedtest.net. The results of 10 internet speed 
measurement tests of the LEO satellite broadband network in the agricultural area of Lembang, Bandung Barat, 
were an average download speed of 88,89 Mbps and an upload speed of 14,08 Mbps. The internet speed test of the 
LEO satellite broadband network is presented in Figure 10. The results of the LEO satellite broadband network 
speed test are presented in Table 1. 
 

 
Figure 10. LEO Satellite Broadband Network Internet Speed Test Results 

 
TABLE I 

LEO SATELLITE BROADBAND NETWORK SPEED TEST RESULTS 
Test Date and Time (UTC+7) Ping (ms) Download Speed (Mbps) Upload Speed (Mbps) Server Location Provider 

1 24 March 2025 
12.11 PM 44 98,71 12,91 PT. Telekomunikasi 

Indonesia, Bandung 
SpaceX 
Starlink 

2 24 March 2025 
12.12 PM 50 93,86 19,19 PT. Telekomunikasi 

Indonesia, Bandung 
SpaceX 
Starlink 

3 24 March 2025 
12.13 PM 44 104,06 18,78 PT. Telekomunikasi 

Indonesia, Bandung 
SpaceX 
Starlink 

4 24 March 2025 
12.14 PM 40 114,59 7,09 PT. Telekomunikasi 

Indonesia, Bandung 
SpaceX 
Starlink 

5 24 March 2025 
12.15 PM 60 93,46 12,24 PT. Telekomunikasi 

Indonesia, Bandung 
SpaceX 
Starlink 

6 24 March 2025 
12.16 PM 42 80,13 11,85 PT. Telekomunikasi 

Indonesia, Bandung 
SpaceX 
Starlink 

7 24 March 2025 
12.16 PM 88 77 16,49 PT. Telekomunikasi 

Indonesia, Bandung 
SpaceX 
Starlink 

8 24 March 2025 
12.17 PM 43 40,28 21,34 PT. Telekomunikasi 

Indonesia, Bandung 
SpaceX 
Starlink 

9 24 March 2025 
12.18 PM 47 108,15 7,07 PT. Telekomunikasi 

Indonesia, Bandung 
SpaceX 
Starlink 

10 24 March 2025 
12.19 PM 39 78,63 11,87 PT. Telekomunikasi 

Indonesia, Bandung 
SpaceX 
Starlink 

 
The maximum bandwidth of the Starlink LEO satellite is up to 220 Mbps [46]. Based on the calculation of 

the percentage comparison of the throughput value with the bandwidth, the percentage value of the throughput of 
the LEO Starlink satellite broadband network is very small, which is less than 1%, so it is categorized as bad based 
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on TIPHON. It can be concluded that if the data sent is relatively small (a common data from IoT use cases) to an 
internet network that has a large bandwidth, the results of the throughput value calculation will always be small. 
However, this throughput parameter is sometimes ignored for IoT use cases because the data size is relatively small 
and the current internet network bandwidth is relatively large [28]. If the number of IoT devices used as use cases 
is increased, it will increase the size of the data sent. This will certainly increase the percentage value of the 
throughput parameter so that it will increase the value of the QoS category based on TIPHON. 

B. Packet Loss 
The packet loss parameter is used to measure the QoS of a network based on the number of data packets lost 

(failed to be delivered) during transmission on the network. In the first and second experiments in this research, 
100 data packets from the sensor device to the actuator device were successfully sent using the MQTT protocol via 
the LEO satellite broadband network. Based on the calculation of Equation 2, the result of the packet loss 
calculation in this experiment is 0%. Based on the QoS category on TIPHON [28], the packet loss value is 0%, 
which means it is in the very good category. The results of this study show that Starlink can provide good 
performance in sending IoT Smart Farming data packets. In the experiment, there were no packets lost. All data 
packages were successfully sent so that the data can be used for accurate and precise decision making in the system 
developed in this research, IoT Smart Farming automatic irrigation system. 

C. Delay 
Delay parameters to know the duration of time for sending each data packet from the source device (sensor) 

to the destination device (actuator). Delay calculation is the arrival time of the data packet minus the sending time 
of the data packet. Based on the method in this research, to measure the delay using the Arduino IDE serial monitor, 
as presented in Figure 6, with the same NTP server reference. In this research, the Arduino IDE serial monitor was 
used because it can determine the time of sending data packets from sensor devices and the time of receiving data 
packets from actuator devices with an accuracy of up to milliseconds with a fair and equal NTP server from 
time.windows.com. At the beginning of the experiment, we thought about the right and accurate way to measure 
the time the data packet started to be sent and the time the data packet was received with the same time reference. 
If the reference time data is obtained directly from the NTP server to each device (sensor and actuator), then there 
will be a time difference between the sensor device and the actuator device because the duration of the reference 
time data is different for each device. This is due to the difference in routing paths on each device because this 
system being developed is a WSN. In addition, there is radio wave interference, which causes delays in sending 
data packets, the reference time being the timestamp for packets sent and packets received. Therefore, we are 
looking for a way for both devices to have the same reference time from the same NTP server. 

The solution we found and proposed for this study is to use the Arduino IDE serial monitor on the same 
computer device. The sensor device and the actuator device are both connected to the computer device that is 
actively monitoring the serial monitor. From there, we can see the time the data packet is sent from the sensor 
device and the time the data packet is received at the actuator device. This research focuses on analyzing the 
performance and quality of the LEO satellite network, especially in this section is, the delay. So, to make it easier 
to obtain data on the delay in sending data packets from the sensor device to the actuator device, we use a tool that 
can provide the same reference time and up to millisecond accuracy, such as the Arduino IDE serial monitor. The 
method we found and used in this study can be used by other researchers on the topic of quality analysis of various 
networks in the context of using IoT applications in various fields/sectors. Despite its advantages for this research, 
the limitation of using the Arduino IDE serial monitor is that the sensor device and actuator device analyzed must 
be connected to the same computer device that actively monitors the serial monitor to obtain data. However, it is a 
consequence that must be accepted to achieve fairness of reference time in analyzing data packet delivery delay 
between two IoT devices. Of course, if a more accurate method is found in the future, it will be very useful and 
become a reference for further research. 

In the first experiment, 100 data packets were sent from the sensor device to the actuator. Samples of data 
packet sending and receiving times in first experiment for calculating delay parameters are presented in Table 2. 
The samples of data packet sending and receiving times in the second experiment for calculating delay parameters 
are presented in Table 3. 
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TABLE II 
SAMPLE TIME OF SENDING AND RECEIVING DATA PACKETS IN THE FIRST EXPERIMENT FOR CALCULATING DELAY 

Package Number Data Packet Sent Time (UTC+7) Data Packet Received Time (UTC+7) Delay (ms) 
1 14:02:21.340 14:02:21.406 66 
2 14:02:22.346 14:02:22.440 94 
3 14:02:23.364 14:02:23.442 78 
4 14:02:24.364 14:02:24.432 68 
5 14:02:25.361 14:02:25.476 115 
6 14:02:26.399 14:02:26.445 46 
7 14:02:27.396 14:02:27.467 71 
8 14:02:28.403 14:02:28.478 75 

. . . . . . . . . . . . 
99 14:04:00.745 14:04:00.857 112 
100 14:04:01.763 14:04:01.888 125 

 
TABLE III 

SAMPLE TIME OF SENDING AND RECEIVING DATA PACKETS IN THE SECOND EXPERIMENT FOR CALCULATING DELAY 
Package Number Data Packet Sent Time (UTC+7) Data Packet Received Time (UTC+7) Delay (ms) 

1 14:37:54.931 14:37:54.996 65 
2 14:37:55.949 14:37:56.028 79 
3 14:37:56.942 14:37:57.008 66 
4 14:37:57.940 14:37:58.054 114 
5 14:37:58.994 14:37:59.071 77 
6 14:37:59.976 14:38:00.048 72 
7 14:38:01.004 14:38:01.153 149 
8 14:38:01.999 14:38:02.105 106 

. . . . . . . . . . . . 
99 14:39:34.497 14:39:34.567 70 
100 14:39:35.537 14:39:35.581 44 

 
Based on the calculation of Equation 3, the average delay value of the first experiment is 98,27 ms (98 ms). 

The result of the average delay value calculation from the second experiment was 94,7 ms (95 ms). The average 
delay value of the first and second experiments was 96.49 ms (97 ms). Based on the QoS category on TIPHON 
[28], the delay value is 97 ms, which means it is in the very good category. The delay value graphs for the first and 
second experiments are presented in Figure 11. There is no significant effect between the size of the data packet in 
this experiment on delay value, because the variation in the size of the data packet is very small (156 - 158 bytes). 
 

  
(a) First Experiment (a) Second Experiment 

Figure 11. Delay Value Graph 
 

D. Jitter 
Jitter is closely related to the delay that occurs in data packet transmission on the network. Jitter is caused 

by the length of the transmission queue, data processing time, and also the time it takes to combine data packets in 
the transmission of a data packet. Jitter testing is done by dividing the total delay variation by the data packets 
received. Based on the calculation of Equation 4, the jitter value in the first experiment was 28,08 ms (28 ms). The 
jitter value in the second experiment was 25,57 ms (26 ms). The average jitter value from the first and second 
experiments was 26.83 ms (27 ms). Based on the QoS category on TIPHON [28], the jitter value is 27 ms, which 
means it is in the very good category. A small jitter value indicates good network quality. 

The results of research by Yongtao Su et. al. in China [19], OneWeb has a delay of 30 ms, Telesat has a 
delay of 30 to 50 ms, and Starlink has a delay of 25 to 35 ms. The results of this study in rural agricultural areas in 
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Lembang, Bandung Barat, Jawa Barat, Indonesia, showed that the delay of LEO satellite communication (Starlink) 
was 97 ms from the experimental results. Based on the QoS category in TIPHON [28], a delay of 97 ms and jitter 
of 27 ms are included in the very good network QoS category. QoS categories based on TIPHON are presented in 
Table 4. The relatively very small delay value (97 ms) from the results of this research is sufficient for real-time 
applications in the IoT Smart Farming automatic irrigation system. The difference in the results of this research 
with previous research may be due to differences in research locations. However, it is not significant. The delay 
value of this research result with the previous research is still in the same QoS category, which is very good with a 
value of less than 150 ms. This may occur due to several factors, such as the propagation of the satellite antenna to 
the satellite orbit, the satellite orbit path, the coverage of the satellite beam from the sky to the earth, the presence 
of obstacles such as clouds, and the presence of other radio frequency interference around the research area. 
Therefore, the results of this research can be used as a reference for conducting similar research in other locations, 
especially in areas in Indonesia, to enrich the empirical data of the research results on the topic of LEO satellite 
broadband network analysis. 
 

TABLE IV 
QOS CATEGORIES BASED ON TIPHON AND THE RESULTS OF THIS RESEARCH FOR DELAY PARAMETERS 

Delay (ms) QoS Categories Delay Value of 
This Research Result 

QoS Category Delay Parameters of 
This Research Result 

< 150 Very Good 

97 ms Very Good 150 - 300 Good 
300 - 450 Fair 

> 450 Bad 
 

IV. CONCLUSION 
This research has conducted stages of literature study, system requirements identification, system design, 

implementation, testing, experimentation, data collection, and QoS analysis of LEO satellite broadband networks 
on IoT Smart Farming. This research succeeded in creating an IoT Smart Farming automatic irrigation system as a 
use case for this research. QoS analysis of LEO satellite broadband network on IoT Smart Farming based on 
TIPHON consisting of throughput, packet loss, delay, and jitter. The experimental results show that the throughput 
value is 1243 bps with a test data sample of 100 IoT data packets in JSON format. The packet loss value is 0%, 
which means that all data packets were successfully sent from the sensor device to the actuator device using the 
MQTT protocol via the LEO satellite broadband network. The average delay value from the experimental results 
is 97 ms. The jitter value of the experimental results was 27 ms. The results of this study can be used as an 
alternative and recommendation for stakeholders such as farmers, governments in the agricultural sector, and 
entrepreneurs to use LEO satellite broadband networks for IoT Smart Farming to overcome internet network 
infrastructure constraints on agricultural land in rural and remote areas. 

V. FUTURE WORK 
The results of this research can certainly be researched further and developed with various use cases. It can 

also be with the same use case as IoT Smart Farming in a different location, or a use case that is in accordance with 
the intended use of the LEO satellite broadband network. Other use cases such as Smart Fisheries, Smart Forestry, 
or Smart Rivers. The areas used for further research can also be in mountains, forests, deserts, islands, poles, or 
areas that are difficult to reach by terrestrial internet network infrastructure. Experiments can also be conducted 
with various weather condition scenarios, such as sunny, cloudy, rainy, and heavy rain. Further research can also 
compare QoS with terrestrial broadband network infrastructure or satellite internet networks from other products. 
It is hoped that this research can be further researched and developed for the development of science and technology 
that is beneficial to humanity and the environment. 

ACKNOWLEDGMENT 
Thanks to Balai Besar Pelatihan Pertanian (BBPP), Lembang, Bandung Barat, Jawa Barat, Indonesia for 

allowing us to conduct experiments and collect data on their agricultural land. 

REFERENCES 
[1] M. M. Maja and S. F. Ayano, “The Impact of Population Growth on Natural Resources and Farmers’ Capacity to Adapt to Climate Change in Low-

Income Countries,” Earth Systems and Environment 2021 5:2, vol. 5, no. 2, pp. 271–283, Mar. 2021, doi: 10.1007/S41748-021-00209-6. 

https://jurnal.stkippgritulungagung.ac.id/index.php/jipi
http://issn.pdii.lipi.go.id/issn.cgi?daftar&1457736067&1&&2016


JIPI (Jurnal Ilmiah Penelitian dan Pembelajaran Informatika) 
Journal homepage: https://jurnal.stkippgritulungagung.ac.id/index.php/jipi  

ISSN: 2540-8984  
Vol. 10, No. 3, September 2025, Pp. 2216-2231 

 
 

 

2230 
QOS Analysis Of Leo Satellite Broadband Network For IoT In Smart Farming 

[2] N. Ngadi et al., “Challenge of Agriculture Development in Indonesia: Rural Youth Mobility and Aging Workers in Agriculture Sector,” 
Sustainability 2023, Vol. 15, Page 922, vol. 15, no. 2, p. 922, Jan. 2023, doi: 10.3390/SU15020922. 

[3] D. C. Rose, R. Wheeler, M. Winter, M. Lobley, and C. A. Chivers, “Agriculture 4.0: Making it work for people, production, and the planet,” Land 
use policy, vol. 100, p. 104933, Jan. 2021, doi: 10.1016/J.LANDUSEPOL.2020.104933. 

[4] I. Ivanochko, M. jr. Greguš, and O. Melnyk, “Smart Farming System Based on Cloud Computing Technologies,” Procedia Comput Sci, vol. 238, 
pp. 857–862, Jan. 2024, doi: 10.1016/J.PROCS.2024.06.103. 

[5] W. Agbenyo et al., “Does the Adoption of Climate-Smart Agricultural Practices Impact Farmers’ Income? Evidence from Ghana,” International 
Journal of Environmental Research and Public Health 2022, Vol. 19, Page 3804, vol. 19, no. 7, p. 3804, Mar. 2022, doi: 10.3390/IJERPH19073804. 

[6] J. Samuel et al., “Enhancing farm income resilience through climate smart agriculture in drought-prone regions of India,” Frontiers in Water, vol. 
6, p. 1327651, Feb. 2024, doi: 10.3389/FRWA.2024.1327651/BIBTEX. 

[7] BBPP Ketindan, “Kementan Ajak Generasi Muda Kuasai Digitalisasi Pertanian Melalui Longterm K-Smart Farm.” Accessed: May 18, 2025. 
[Online]. Available: https://bbppketindan.bppsdmp.pertanian.go.id/blog/post/kementan-ajak-generasi-muda-kuasai-digitalisasi-pertanian-melalui-
longterm-k-smart-farm 

[8] M. D. Lestari, W. D. Lestari, P. F. Nuryananda, and H. Maulana, “SMART FARMING IN AN EFFORT TO IMPROVE  THE WELFARE OF 
FARMERS IN JAJAR VILLAGE, GANDUSARI SUB-DISTRICT, TRENGGALEK DISTRICT,” INTERNATIONAL SEMINAR, vol. 6, no. 2, pp. 
28–34, Dec. 2024, doi: 10.33322/KILAT.V10I2.1376<BR>. 

[9] E. Said Mohamed, A. A. Belal, S. Kotb Abd-Elmabod, M. A. El-Shirbeny, A. Gad, and M. B. Zahran, “Smart farming for improving agricultural 
management,” The Egyptian Journal of Remote Sensing and Space Science, vol. 24, no. 3, pp. 971–981, Dec. 2021, doi: 
10.1016/J.EJRS.2021.08.007. 

[10] D. Huo, A. W. Malik, S. D. Ravana, A. U. Rahman, and I. Ahmedy, “Mapping smart farming: Addressing agricultural challenges in data-driven 
era,” Renewable and Sustainable Energy Reviews, vol. 189, p. 113858, Jan. 2024, doi: 10.1016/J.RSER.2023.113858. 

[11] A. Faid, M. Sadik, and E. Sabir, “IoT-based Low Cost Architecture for Smart Farming,” 2020 International Wireless Communications and Mobile 
Computing, IWCMC 2020, pp. 1296–1302, Jun. 2020, doi: 10.1109/IWCMC48107.2020.9148455. 

[12] K. LoPiccalo, “Impact of broadband penetration on U.S. Farm productivity: A panel approach,” Telecomm Policy, vol. 46, no. 9, p. 102396, Oct. 
2022, doi: 10.1016/J.TELPOL.2022.102396. 

[13] A. Bujari, C. Coreggioli, M. Franco, S. E. Merzougui, C. E. Palazzi, and L. B. Schmidt, “Supporting Smart Farming through Bandwidth Adaptation 
in Satellite Communications,” ACM International Conference Proceeding Series, no. 23, pp. 74–81, Sep. 2023, doi: 10.1145/3582515.3609520. 

[14] B. Citoni, F. Fioranelli, M. A. Imran, and Q. H. Abbasi, “Internet of Things and LoRaWAN-Enabled Future Smart Farming,” IEEE Internet of 
Things Magazine, vol. 2, no. 4, pp. 14–19, Feb. 2020, doi: 10.1109/IOTM.0001.1900043. 

[15] N. Islam, M. M. Rashid, F. Pasandideh, B. Ray, S. Moore, and R. Kadel, “A Review of Applications and Communication Technologies for Internet 
of Things (IoT) and Unmanned Aerial Vehicle (UAV) Based Sustainable Smart Farming,” Sustainability 2021, Vol. 13, Page 1821, vol. 13, no. 4, 
p. 1821, Feb. 2021, doi: 10.3390/SU13041821. 

[16] M. Gupta, M. Abdelsalam, S. Khorsandroo, and S. Mittal, “Security and Privacy in Smart Farming: Challenges and Opportunities,” IEEE Access, 
vol. 8, pp. 34564–34584, 2020, doi: 10.1109/ACCESS.2020.2975142. 

[17] A. Srikande, M. B. Hossain, S. R. Pokhrel, and J. Choi, “Insights on Smart Farming with Low Orbit Satellite,” IEEE Vehicular Technology 
Conference, vol. 2022-June, 2022, doi: 10.1109/VTC2022-SPRING54318.2022.9860716. 

[18] Lisnawati, “KEHADIRAN STARLINK DI INDONESIA: MANFAAT DAN DAMPAK,” Info Singkat Pusat Analisis Keparlemenan Badan 
Keahlian DPR RI, vol. XVI, Jakarta, pp. 16–20, 2024. Accessed: Jan. 06, 2025. [Online]. Available: http://pusaka.dpr.go.id 

[19] Y. Su, Y. Liu, Y. Zhou, J. Yuan, H. Cao, and J. Shi, “Broadband LEO satellite communications: Architectures and key technologies,” IEEE Wirel 
Commun, vol. 26, no. 2, pp. 55–61, Apr. 2019, doi: 10.1109/MWC.2019.1800299. 

[20] M. A. Arifin et al., “Proof of Concept for Disaster Data Collection via Satellite-Based LoRa: Insights from in-Orbit Tests,” 2024 IEEE International 
Conference on Aerospace Electronics and Remote Sensing Technology (ICARES), pp. 1–5, Nov. 2024, doi: 10.1109/ICARES64249.2024.10767975. 

[21] M. A. Arifin, N. M. N. Khamsah, N. Najati, W. Suryanto, and I. E. Prabowo, “Data Collection Platform Design using LEO Satellite-based LoRa 
for Disaster Management in Indonesia,” 2023 IEEE International Conference on Aerospace Electronics and Remote Sensing Technology, ICARES 
2023, 2023, doi: 10.1109/ICARES60489.2023.10329893. 

[22] A. Satryoko and A. J. S. Runturambi, “Method using iot low earth orbit satellite to monitor forest temperature in indonesia,” International 
Conference on Electrical Engineering, Computer Science and Informatics (EECSI), vol. 2020-October, pp. 240–243, Oct. 2020, doi: 
10.23919/EECSI50503.2020.9251873. 

[23] I. A. Courie, G. A. Faza, A. Y. Hertanto, R. E. Poetro, and N. S. Ardi, “Preliminary Design of Imaging Microsatellite for Preventing Illegal Fishing 
in Indonesia,” IOP Conf Ser Earth Environ Sci, vol. 284, no. 1, p. 012042, May 2019, doi: 10.1088/1755-1315/284/1/012042. 

[24] R. Hidayati, M. Sutyarjoko, and H. Wijanto, “Compliance of Non-GSO Satellite with Radio Regulations Regarding to Interference with GSO Earth 
Stations. Case Study: Starlink and Telkom 3S,” 2024 8th International Conference on Information Technology, Information Systems and Electrical 
Engineering, ICITISEE 2024, pp. 574–579, 2024, doi: 10.1109/ICITISEE63424.2024.10730710. 

[25] A. Susanto and Iskandar, “Analysis of Uplink and Downlink Interference between NGSO and GSO Satellites at Ku Band Frequency: Case Study 
on Starlink and Telkom-3S,” 2024 10th International Conference on Wireless and Telematics (ICWT), pp. 1–5, Jul. 2024, doi: 
10.1109/ICWT62080.2024.10674698. 

[26] A. Susanto and Iskandar, “Interference Analysis between LEO and GSO Satellites at Ku Band Frequency: Case Study on Starlink and Telkom-3S,” 
Proceeding of 2022 16th International Conference on Telecommunication Systems Services and Applications, TSSA 2022, 2022, doi: 
10.1109/TSSA56819.2022.10063928. 

[27] O. E. Olorunshola and F. N. Ogwueleka, “Review of System Development Life Cycle (SDLC) Models for Effective Application Delivery,” Lecture 
Notes in Networks and Systems, vol. 191, pp. 281–289, 2022, doi: 10.1007/978-981-16-0739-4_28. 

[28] I. Ketut, A. Enriko, A. N. Nababan, A. F. Rochim, and S. Kuntadi, “A Fire suppression monitoring system for smart building,” JURNAL INFOTEL, 
vol. 15, no. 2, pp. 195–200, May 2023, doi: 10.20895/INFOTEL.V15I2.940. 

[29] R. Maruthi, S. Nagarajan, R. Anitha, and V. Jaitly, “IoT based Automated Remote Monitoring System for Smart Farming,” 2023 4th International 
Conference on Electronics and Sustainable Communication Systems, ICESC 2023 - Proceedings, pp. 334–337, 2023, doi: 
10.1109/ICESC57686.2023.10193195. 

[30] J. S. Sarjerao and G. Sudhagar, “Integration of Remote Sensing and IoT for Real-Time Monitoring of Irrigation in Smart Farming,” Proceedings - 
2024 1st International Conference on Innovative Sustainable Technologies for Energy, Mechatronics and Smart Systems, ISTEMS 2024, 2024, doi: 
10.1109/ISTEMS60181.2024.10560275. 

[31] R. Karthiga, C. L. Brindha Devi, R. Janaki, C. Gayathri, S. Samuthira Pandi, and D. Shobana, “IoT Farm: A Robust Methodology Design to Support 
Smart Agricultural System Using Internet of Things with Intelligent Sensors Association,” 7th International Conference on Electronics, 
Communication and Aerospace Technology, ICECA 2023 - Proceedings, pp. 1332–1337, 2023, doi: 10.1109/ICECA58529.2023.10395635. 

[32] A. Triantafyllou, D. C. Tsouros, P. Sarigiannidis, and S. Bibi, “An architecture model for smart farming,” Proceedings - 15th Annual International 
Conference on Distributed Computing in Sensor Systems, DCOSS 2019, pp. 385–392, May 2019, doi: 10.1109/DCOSS.2019.00081. 

[33] H. Hambly and R. Rajabiun, “Rural broadband: Gaps, maps and challenges,” Telematics and Informatics, vol. 60, p. 101565, Jul. 2021, doi: 
10.1016/J.TELE.2021.101565. 

[34] C. Biedny and B. E. Whitacre, “The Broadband Serviceable Location Fabric, Rural America, and Agriculture,” Choices, vol. 37, no. 3, pp. 1–9, 
2022, [Online]. Available: https://remote-lib.ui.ac.id:2065/stable/27201701 

https://jurnal.stkippgritulungagung.ac.id/index.php/jipi
http://issn.pdii.lipi.go.id/issn.cgi?daftar&1457736067&1&&2016


JIPI (Jurnal Ilmiah Penelitian dan Pembelajaran Informatika) 
Journal homepage: https://jurnal.stkippgritulungagung.ac.id/index.php/jipi  

ISSN: 2540-8984  
Vol. 10, No. 3, September 2025, Pp. 2216-2231 

 
 

 

2231 
QOS Analysis Of Leo Satellite Broadband Network For IoT In Smart Farming 

[35] W. Briglauer, J. Krämer, and N. Palan, “Socioeconomic benefits of high-speed broadband availability and service adoption: A survey,” Telecomm 
Policy, vol. 48, no. 7, p. 102808, Aug. 2024, doi: 10.1016/J.TELPOL.2024.102808. 

[36] X. Luo, H. H. Chen, and Q. Guo, “LEO/VLEO Satellite Communications in 6G and Beyond Networks &#x2013; Technologies, Applications and 
Challenges,” IEEE Netw, 2024, doi: 10.1109/MNET.2024.3353806. 

[37] Espressif Inc., ESP8266EX Datasheet, Version 7.0. 2023. 
[38] M. D. Dwivedi, S. Kalra, J. Dubey, C. Kumar, N. Singh, and V. K. Gautam, “Smart Farming: Monitoring of Field Status and Control of Irrigation 

Using Sensors and Esp8266 Nodemcu Module,” J Phys Conf Ser, vol. 2570, no. 1, p. 012035, Aug. 2023, doi: 10.1088/1742-6596/2570/1/012035. 
[39] L. Kamelia, S. Nugraha, M. R. Effendi, and S. Gumilar, “Real-Time Monitoring System for Measurement of Soil Fertility Parameters in Smart 

Farming Applications,” Proceeding of 2019 5th International Conference on Wireless and Telematics, ICWT 2019, Jul. 2019, doi: 
10.1109/ICWT47785.2019.8978268. 

[40] V. K. Shukla, A. Kohli, and F. A. Shaikh, “IOT based growth monitoring on moringa oleifera through capacitive soil moisture sensor,” 2020 7th 
International Conference on Information Technology Trends, ITT 2020, pp. 94–98, Nov. 2020, doi: 10.1109/ITT51279.2020.9320884. 

[41] G. Souza, B. T. De Faria, R. Gomes Alves, F. Lima, P. T. Aquino, and J. P. Soininen, “Calibration equation and field test of a capacitive soil 
moisture sensor,” 2020 IEEE International Workshop on Metrology for Agriculture and Forestry, MetroAgriFor 2020 - Proceedings, pp. 180–184, 
Nov. 2020, doi: 10.1109/METROAGRIFOR50201.2020.9277634. 

[42] D. Yulizar et al., “Performance Analysis Comparison of DHT11, DHT22 and DS18B20 as Temperature Measurement,” pp. 37–45, Aug. 2023, doi: 
10.2991/978-94-6463-232-3_5. 

[43] S. Ansari, A. Ansari, A. Kumar, R. Kumar, and E. T. Nyamasvisva, “Environmental Temperature and Humidity Monitoring at Agricultural Farms 
using Internet of Things & DHT22-Sensor,” Journal of Independent Studies and Research Computing, vol. 21, no. 2, pp. 25–31, Dec. 2023, doi: 
10.31645/JISRC.23.21.2.5. 

[44] Telkom, “Telkom IoT Platform.” Accessed: Dec. 10, 2024. [Online]. Available: https://www.telkomiot.id/documentation 
[45] MQTT.org, “MQTT - The Standard for IoT Messaging,” MQTT.org. Accessed: Oct. 30, 2024. [Online]. Available: https://mqtt.org/ 
[46] Starlink, “Starlink.” Accessed: Apr. 30, 2025. [Online]. Available: https://www.starlink.com/ 
[47] A. K. Agarwal, D. Ather, R. Astya, D. Parygin, A. Garg, and D. Raj, “Analysis of Environmental Factors for Smart Farming: An Internet of Things 

Based Approach,” Proceedings of the 2021 10th International Conference on System Modeling and Advancement in Research Trends, SMART 
2021, pp. 210–214, 2021, doi: 10.1109/SMART52563.2021.9676305. 

[48] M. Agustin, I. Hermawan, D. Arnaldy, A. T. Muharram, and B. Warsuta, “Design of Livestream Video System and Classification of Rice Disease,” 
JOIV : International Journal on Informatics Visualization, vol. 7, no. 1, 2023, doi: https://dx.doi.org/10.30630/joiv.7.1.1336. 

[49] M. N. Wirawan, M. Lubis, and M. T. Kurniawan, “Evaluating Quality of Service: Throughput, Packet Loss, and Delay in Tree Topology with Ryu 
and Pox Controllers in Software-Defined Network,” ICSINTESA 2024 - 2024 4th International Conference of Science and Information Technology 
in Smart Administration: The Collaboration of Smart Technology and Good Governance for Sustainable Development Goals, pp. 457–462, 2024, 
doi: 10.1109/ICSINTESA62455.2024.10748026. 

[50] S. H. Sabila, I. W. Mustika, and S. Sulistyo, “Design and Implementation of Mobile Applications for Military Personnel Based on SIP (Session 
Initiation Protocol),” 2022 IEEE 12th Annual Computing and Communication Workshop and Conference, CCWC 2022, pp. 870–875, 2022, doi: 
10.1109/CCWC54503.2022.9720802. 

[51] A. Hafiz and D. Susianto, “Analysis of Internet Service Quality Using Internet Control Message Protocol,” J Phys Conf Ser, vol. 1338, no. 1, p. 
012055, Oct. 2019, doi: 10.1088/1742-6596/1338/1/012055. 

  

https://jurnal.stkippgritulungagung.ac.id/index.php/jipi
http://issn.pdii.lipi.go.id/issn.cgi?daftar&1457736067&1&&2016

	I. Introduction
	II. Method
	A. Literature Study
	B. System Requirements Identification
	C. System Design
	D. Implementation
	E. Testing
	F. Experiment
	G. Data Collection
	H. Analysis
	I. Publication of Research Results

	III. Result and Discussion
	A. Throughput
	B. Packet Loss
	C. Delay
	D. Jitter

	IV. Conclusion
	V. Future Work
	Acknowledgment
	References

