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Abstract. Smart farming is a popular agricultural model that leverages Internet of Things (IoT) and Wireless Sensor Network (WSN) technologies. IoT is utilized in smart farming to connect various components, such as sensors and actuators, which monitor livestock conditions and the surrounding agricultural areas. This study aims to implement LoRa technology for livestock tracking within smart farming and to determine the location of livestock using Received Signal Strength Indicator (RSSI) and multilateration. We conducted experiments using the OMNeT++ simulator and the Flora framework, simulating the movement of livestock and calculating their locations through multilateration. The results indicate a correlation between RSSI values and distance, which can be used to estimate the positions of livestock. These findings highlight the potential of using LoRa technology in real environments. However, further optimization is necessary, particularly in adjusting the parameters for calculating distance using RSSI and refining the multilateration method to improve the accuracy of node positioning. The outcomes of this study can serve as a foundational model or initial analysis for developing a livestock tracking system based on LoRa technology.
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INTRODUCTION
Smart farming has become one of the most popular models for livestock farming and agriculture today. This approach utilizes Internet of Things (IoT) and Wireless Sensor Network (WSN) technologies. In smart farming, IoT is employed to monitor livestock conditions, track crops, and assess the surrounding environments of farms through internet connectivity [1]. The IoT system in smart farming can be accessed and managed via mobile devices such as smartphones and tablets, as well as through various platforms, including websites and cloud systems [2]. 
In the livestock sector, smart farming technology allows farmers to monitor and manage critical data, such as animal temperature, livestock health, barn temperature and humidity, livestock location tracking, animal movement, milk stock, and more [3], [4]. This technology enhances efficiency in livestock tracking and reduces the risk of theft [4]. By integrating location-determining technologies like GPS and GNSS, farmers can continuously monitor the position of their livestock from any location [5], [6] . 
Several technologies are utilized for tracking livestock positions. GNSS, which includes GPS, GLONASS, Galileo, and BeiDou, is the most widely used technology for this purpose due to its high accuracy in determining object locations. In a study by Melzer et al. [7], ultra-wideband Real-Time Location Systems (RTLS) were implemented to monitor and track cattle on a farm. The results indicated that this technology requires calibration for improved accuracy. Additionally, RFID technology can be beneficial for livestock monitoring and tracking, though its limited range makes it more suitable for smaller farm areas[8], [9]. Another study conducted by Shelemia et al. employed LoRa modules to measure the distance traveled by livestock in real-time [10]. 
LoRa communication modules have great potential for use in livestock position tracking systems within smart farming, as they are cost-effective, have a wide signal range, and are energy-efficient[11]. Several studies have explored object positioning using LoRa modules. Research by Premsankar et al.[12] and Slabicki et al.[13] modeled and analyzed LoRa signals to derive distance information based on Received Signal Strength Indicator (RSSI) values. Other study compared distances calculated from the LoRa module with actual distances [14]. The findings indicated that the calculated distances had relatively small errors. Further research by Marcelic et.al [15] applied the multilateration method to determine positions based on RSSI values from LoRa; however, this study did not provide a detailed analysis of location accuracy. 
This study focuses on the application of LoRa technology for livestock tracking in the context of smart farming. The primary objective is to simulate a position tracking system using LoRa communication modules, employing distance measurement methods based on RSSI and multilateration.
METHODs
This study utilizes the Omnet++ simulator to track livestock on farmland using the LoRa module. It is assumed that each livestock animal is equipped with a LoRa module (referred to as a LoRa Node), which transmits signals in broadcast mode at regular intervals to four LoRa Gateways positioned around the farmland. These LoRa Gateways are strategically located at each corner of the square that defines the farm area, while the LoRa Nodes are distributed between the LoRa Gateways, as illustrated in Figure 1.
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FIGURE 1. Live Stock Tracking using LoRa Module
Signals from LoRa nodes are captured by LoRa gateways to calculate distance using the RSSI (Received Signal Strength Indicator) information received. By determining the relative distance of the LoRa nodes to each LoRa gateway, the positions of the nodes are calculated using the multilateration method. If the LoRa nodes move, their locations are updated based on the RSSI values received by each gateway and the multilateration calculations.
Theoretically, previous research indicates that the RSSI value has a strong correlation with the distance between a LoRa Node and a LoRa Gateway[14], [16] . According to the findings of [16], the RSSI value can be calculated using the following equation (1):
                                                                                                                      (1)
Where PT is the transmission signal strength, P0 is the reference path loss at distance d0, n is the path loss exponent which depends on the environment. Xδ is a Gaussian distribution random variable with values ranging from (4-10) based on [16].



From this equation, equation (2) can be derived to calculate the distance from the RSSI value obtained from the LoRa Node. 
                                                                                                                                        (2)

The relative distance d obtained at each LoRa Gateway is used for position calculation using multilateration [17].
                                                         (x – )2 + (y – )2 = ()2                                                                                                                   (3)
                                                         (x – )2 + (y – )2 = ()2                                                                             (4)
                                                         (x – )2 + (y – )2 = ()2                                                                            (5)
                                                         (x – )2 + (y – )2 = ()2                                                                           (6)
In the given context, ri represents the distance calculated from the RSSI of LoRa Node at LoRa Gateway i. The coordinates xi and yi denote the position of LoRa Gateway i on the x and y axes within the simulation area. Meanwhile, x and y represent the coordinates of the LoRa Node whose location is being determined.
The testing was conducted using LoRa Nodes positioned at 20 different locations within the farm area, utilizing 4 LoRa Gateways. The LoRa Nodes emitted signals that were captured by these 4 Gateways. The received RSSI values from the Gateways were then used to calculate the distance between the LoRa Nodes and the Gateways, as well as to determine their positions through a process called multilateration.
In this study, several assumptions were made regarding the parameter values used in the simulation. The positions of each LoRa Gateway were fixed at the corners of the square that defines the farm area. The parameter values used to model LoRa signal transmission were obtained from prior research [13]. Specific for for the Path Loss Exponent, we use the Loss Space value as a reference [14]. These parameters include reference distance, path loss, LoRa transmitter power, path loss exponent, and noise. A detailed summary of each parameter value used in the simulation can be found in Table 1

TABLE 1. Parameters Value Being Used in Simulation
	Parameters
	Value

	
LoRa Gateway Coordinate
	Gateway 0
	(32, 27)

	
	Gateway 1
	(39, 327)

	
	Gateway 2
	(635, 37)

	
	Gateway 3
	(605, 427)

	Reference Distance (d0)
	1000 Meters

	Path Loss (P0)
	128,95 dBm

	Power Transmitter (PT)
	14 dBm

	Path Loss Exponent (n)
	2

	Noise ()
	7,08



result and discussion
he distance calculation data is presented in Figure 2. Each LoRa Gateway (Gateway_0, Gateway_1, Gateway_2, and Gateway_3) records the RSSI data from signals transmitted by LoRa Nodes located in the farm area. The relative distance between each LoRa Gateway and the LoRa Nodes is determined based on the RSSI values. 
The simulation and testing results depicted in the graph demonstrate a strong correlation between changes in the RSSI values (X-axis) and the distances calculated from these values (Y-axis). This finding aligns with path-loss modeling, which indicates that more negative RSSI values correspond to longer calculated distances. However, the RSSI values recorded at each LoRa Gateway tend to fluctuate, leading to discrepancies with the actual distances between the LoRa Nodes and the LoRa Gateways. 
As shown in Figure 2, the average distance deviation varies significantly. The greatest distance deviation occurs within the RSSI value range of -95 to -110 dBm. This variation is mainly due to the differing RSSI values received by the LoRa Gateways from the LoRa Nodes. The differences in RSSI values during this simulation are heavily influenced by signal modeling and the parameters that were set. Because the calculated distance is an exponential function of RSSI and path loss, even minor changes in RSSI values can lead to significant shifts in the calculated distances.

[image: ]

FIGURE 2. Distance comparison based on RSSI and Original Coordinates for each LoRa Gateway
Figure 3 illustrates the results of determining the position of the LoRa Node using the multilateration method (represented by red dots). In comparison, the position calculations based on specific coordinates are shown with blue dots. The results from the multilateration method reveal significant deviations, as indicated by the dotted lines. When the LoRa Node is centrally located between the LoRa Gateways, the deviation values are relatively small. However, when the LoRa Node is positioned closer to one of the Gateways, the deviations increase considerably. These deviation values are influenced by several factors, one of which is the variation in RSSI values captured by the LoRa Gateway from different locations. The RSSI values are significantly affected by signal modeling parameters, including reference distance, path loss, path loss exponent, and the shadowing effect, all of which are incorporated into the simulation.
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FIGURE 3. Deviation of livestock position in multilateration using LoRa
CONCLUSION
This study simulated the positioning and tracking of livestock using the LoRa module. The results indicate that the estimated distance based on RSSI differs significantly from the actual distance based on origin coordinates. This discrepancy is due to various factors in the simulation modeling, such as path loss and the shadowing effect, which influence the calculation of the RSSI value.
While the simulation results do not fully capture the complexities of real-world conditions, the multilateration method that utilizes RSSI is still capable of determining the position of livestock with varying degrees of accuracy. These results demonstrate the potential of using LoRa technology in actual environments, although further optimization is necessary. Improvements that could be made in this study include adjusting the simulation parameters to better model the signal, which would produce more accurate RSSI values. Furthermore, the findings need to be validated by collecting data directly from devices in real testing environments.
Overall, the results of this study can serve as a foundational model or provide initial insights into the relationship between RSSI and distance, which could be valuable for the development of tracking systems.
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Deviation of Livestock Position in Multilateration using LoRa
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