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Abstract

Long Range (LoRa) Communication is one of the emerging Internet of Things
(IoT) technologies and has been widely discussed by researchers. LoRa is also
part of the Low Power Wide Area Networks (LPWAN) technology where this
technology focuses on communication systems on energy efficiency, wide
coverage, low data rates, and long battery life. LoRa uses industrial, scientific,
and medical (ISM) radio frequencies. These frequencies can be used for free
without paying for a license. Theoretically and under ideal conditions, the LoRa
range can reach < 3 km in urban areas and > 3 km in rural areas. However,
only a few studies discuss the evaluation and analysis of LoRa performance,
which is implemented in the real world with particular case studies. This article
aims to evaluate and analyze the performance of LoRa, which is applied to a
case study of an loT-based agricultural irrigation system. Several parameters
will be assessed and analyzed, including distance, received signal strength
indication (RSSI), spreading factor, coding rate, power transmission, and
packet delivery ratio (PDR). Experimental and measurement results show that
LoRa can transmit data packets up to a distance of 2.5 km but with a very low

PDR rate of around 5-7%. The results also show that LoRa can work optimally
if the distance is < 1 km with a PDR rate of about 70-100%.

1. Introduction

Long Range (LoRA) Communication is one type of communication using Low Power Wide Area Network
(LPWAN) technology [1]. LPWAN technology aims to optimize communication as far as possible at the expense of data
transfer rates [2][3]. In addition, LPWAN also focuses on energy savings so that the tools used in LPWANSs that usually
use battery energy sources can last for years. Moreover, LPWANSs are generally used in conjunction with a network of
sensors. Therefore, the technologies that existin LPWANS have several unique criteria, namely low power consumption,
low data transfer, long battery life, low cost, and long range [4][5][6].

The application of LoRa in the I0T field has been widely carried out in various areas, one of which is agriculture
[71[8][9]. Many modern farms are utilizing 10T technology to simplify and increase agricultural yields [10][11]. The
combination of agriculture and the 0T results in a new approach called smart farming. Smart farming makes it possible
to increase productivity and reduce farm losses [12][13]. Among the uses of 10T in smart farming are agricultural
machines that can be operated automatically, increasing efficiency in agricultural resource management, monitoring
agricultural products using sensors, and automating agricultural irrigation systems [14][15].

Several studies on irrigation systems with 10T technology have been done. Some use wireless sensor networks
as a communication network [16][17]. There are also studies on irrigation systems that utilize the internet and cloud
connections [18][19][20]. In addition, several kinds of research on irrigation systems use machine learning and the cloud
[21]. Furthermore, several 10T researchers have applied LoRa communication for monitoring loT-based irrigation
systems namely in [22][23][24][25][26]. One example of the latest research that uses LoRa in agricultural irrigation
systems is a study conducted in [15]. The author built an intelligent agricultural irrigation monitoring system prototype
using LoRa as its wireless communication model and conducted actual tests and measurements. The results of its
study indicate that the LoRa communication applied to the irrigation monitoring system can function well within a
communication range of less than 1 km. If the distance is further than that, it is not recommended because the packet
error rate (PER) is high, so the system cannot run optimally. However, this is still far from some of the LoRa literature,
which claims that LoRa can communicate as far as > 3 km in a rural environment and < 3 km in an urban setting.
Therefore, it is necessary to conduct more in-depth research to evaluate and analyze the performance of LoRa in its
application in agricultural irrigation systems.

This article aims to evaluate and analyze the performance of LoRa more comprehensively, which is applied to
the case of loT-based agricultural irrigation systems. Our contribution to this study is we design several scenarios to
evaluate and analyze LoRa performance and implement it in the farm irrigation system. Several parameters that are
used in the evaluation are 1) distance, 2) received signal strength indicator (RSSI), 3) spreading factor (SP), coding
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rate (CR), transmission power, and packet delivery ratio (PDR). The result shows that the system can only work
optimally within a distance of less than one kilometer. Furthermore, the system can send data up to 2.5 kilometers.
However, the PDR is getting worse, with a 5—7% PDR.

2. Research Method
2.1 System Design

The design of the system in this study can be seen in Figure 1. Four rice fields are regulated in this irrigation
system, and each area of rice fields has a water gate. Each of these gates will be controlled by a microcontroller to
handle the incoming and outgoing water flow. In addition, the microcontroller will also measure the water level in the
fields using a water level sensor. If the amount of water required in the areas is not much, then the microcontroller will
open the water gates. However, if the volume of water is too high, the gates that allow water to get in will be closed,
and the gates that allow water to get out will be opened. For example, rice fields A and B are connected and have water
gates. Gate A is used as an inlet sluice gate, and Gate B sluice gate is an exit sluice. It applies as well to rice fields C
and D.

LoRa
Receiver
Rice Field B Rice Field A
l LoRa | LoRa
Water — Water Gateway
Gate B E’ Gate A Web
l ! Server
Water Irrigation Flow

i —
Water LoRa Water o
Gate D = Gate C LgRa

Rice Field D Rice Field C ;D

S PC / Mobile
Application

Figure 1. Design of Smart Farm Irrigation System

The data in each rice field will be sent to the gateway using LoRa wireless communication before forwarded to
the LoRa receiver. The system uses ESP32 as the microcontroller to control the LoRa Gateway and Receiver. In
addition, ESP32 is able to act as a web server. Therefore, the data in LoRa Receiver will be sent to the web server.
Finally, the monitoring system can be done through a web-based application via a smartphone or PC by accessing the
data stored in the web server. In this case, all data communication is entirely by LoRa without internet access.

The flowchart of the system can be seen in Figure 2. After the system is started, all the gates (i.e. A, B, C, and
D) are closed. Water gates A and C are used to allow water into all fields. Meanwhile, gates B and D remove water from
the land if the water volume is excessive. Gates A and C will enter the water if the condition of the water volume is less
than 50% and will stop water from entering if the volume is more than 80%. Meanwhile, water gates B and C will be
opened if the water volume is more than 90%. Under normal conditions, the system will maintain the state of the water
volume between 50% and 80%. However, if there is heavy rain, the amount of water in the fields will increase because
of the rain. Then this excess water must be removed by opening sluice gates B and C. After that, LoRa A-D will send
all information on the volume of water in all fields to the LoRa gateway. The LoRa gateway then forwards the information
to the LoRa receiver, and the data is displayed on the PC/mobile apps for monitoring.
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Figure 2. Flowchart of Smart Farm Irrigation System

2.2 LoRa Parameters and Prototyping

One of the fundamental reasons LoRa has an advantage over other wireless communication models in the field
of 10T is the communication range factor. Theoretically and under ideal conditions, the LoRa range could reach about
1-3 km in urban environments and > 3 km in rural areas. In this study, LoRa coverage will be used as one of the
parameters in the evaluation and analysis. The other parameters are the received signal strength indicator (RSSI),
spreading factor (SF), coding rate (CR), power transmission, and packet delivery ratio (PDR).

All hardware used to build 10T and LoRa-based agricultural irrigation systems is determined at this stage. In this
study, the built system was in the form of a prototype. The hardware used to build this prototype in outline is as follows:
1. Water level sensor to measure water demand.

2. ESP32 as the main control device or microcontroller.
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3. LoRa RMF95W module, which works at a frequency of 915 Mhz.
4. LoRa 3dbi antenna.
5. Relay.

6. Solenoid Valve.

=

j I ok | T/t o
RE L o | ISR HRERRE
o | B

Water Gate A

LoRa RFM95W

(@) o (b)

Figure 3. (a) Schematic for LoRa A, (b) Schematic for LoRa Gateway and Receiver

After the selection of tools is complete, the following process is assembled. The prototype assembly stage is the
stage for building an intelligent irrigation system using the tools that have been determined in the previous stage,
namely the tool selection stage. At this stage, software development is carried out to run an intelligent irrigation system.
The programming language used is C++ and the Arduino IDE editor. Then, a Web-based interface was also developed.

The circuit schematic for the LoRa A system can be shown in Figure 3a. The circuit schematic is also applied to
the LoRa B, C, and D systems because they have the same circuit. The circuit schematic for the LoRa gateway and
receiver can be seen in Figure 3b.

2.3 Experimental Set Up

The experiment was carried out in the rice fields in Singopuran, Kartasura, Sukoharjo, Central Java, Indonesia.
The exact location can be seen on Google Maps coordinates -7.549747, 110.747984. Reason for choosing this location
is that there are still quite a lot of rice fields even though there are also residential areas, and it is also close to the
research location. The location and experimental settings can be seen in Figure 4. It shows several system parts, such
as an irrigation river in the middle, LoRa A, B, C, D, and gateway positions. The flow of irrigation water flows from left
to right. The water is used to irrigate rice fields. The distance between LoRa A and B is about 300 m. All data from LoRa
A, B, C, and D will be sent to the LoRa gateway.
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Figure 4. Location and Experimental Settings
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The experiment was carried out by providing the packet ID according to the LoRa PHY settings. Table 1 shows
several scenarios based on the package ID that consists of 3 components namely coding rate (CR), bandwidth (BW),
and spreading factor (SF). SF can be set to values ranging from 6 to 12. In this setting, SF is set to 7 (default), 9, and
11. CR is set to the minimum and maximum values of 5 and 8. BW is set to 125kHz, except for settings on package
IDs 250-5-7 and 250-8-7. Only the SF7 can be set to a maximum BW setting of 250kHz, so the SF7 has two options,
namely 125kHz and 250kHz. TX power is given a fixed value and does not change, namely 13. The height of the
antenna is between 1 meter and 2.5 meters above the ground.

Table 1. Various LoRa PHY Settings

Packet ID TX Power (dBm)  BW (kHz) CR SF
125-5-7 13 125 5 7
125-8-7 13 125 8 7
125-5-9 13 125 5 9
125-8-9 13 125 8 9

125-5-11 13 125 5 11

125-8-11 13 125 8 11
250-5-7 13 250 5 7
250-8-7 13 250 8 7

Distance of 1 km

,/
l ,’

In each LoRa PHY setup scenario, 100 packets of data are sent. The data structure is a character type and is 5
bytes in size. Bytes 1-3 are used to distinguish the experimental settings used. The 4th byte is the water level value,
and the 5th byte is used for numbering the packets sent. Data packets are sent every 5 seconds. It aims to provide
sufficient pause and avoid interference or collisions between one data packet with another data packet. Then, the
position and distance of the LoRa receiver vary from 500 m, 1 km, 1.5 km, 2 km, 2.5 km, and 3 km. It can be seen in
Figure 5.

Figure 5. Distance Measurement of LoRa Gteway and Receiver

2.4 Performance Matrices

This experiment will calculate the system's reliability in sending data packets and the received signal strength
indication (RSSI). The RSSI is used to analyze the system for different LoRa PHY settings at different distances.
Reliability can be calculated as the ratio of the amount of data received to the amount sent. This ratio is also known as
the packet delivery ratio (PDR). The formula for calculating PDR is as follows Equation 1.

d
PDR =— )

Where PDR is the packet delivery ratio, d is the packet that was successfully delivered (delivered), and t is the
total packet sent (transmitted).
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3. Results and Discussion
3.1 LoRa A,B,C,D and Gateway

The result of packet delivery ratio (PDR) and received signal strength indicator (RSSI) at LoRa gateway can be
seen in Table 2. Moreover, the PDR calculation can be seen in equation 1. The packet ID represents a various setting
of bandwidth (BW), coding rate (CR), and spreading factor (SF). LoRa A and C have a distance of 300m from the
Gateway. Meanwhile, LoRa B and D are located 20m away from the Gateway. In addition, the antenna height is placed
around two meter above ground. The result of experiment shows that the distance has an impact to RSSI and PDR
values. For instance, LoRa B and D have a higher value of RSSI and PDR. In contrast, the result of PDR and RSSI of
LoRa A and C is lower. Therefore, the shorter the distance, the better the result. The result also indicates that the coding
rate and bandwidth setting can increase the PDR. For example, a bandwidth of 250Hz has a slightly higher value of
PDR than a bandwidth of 125Hz. Packet ID of 250-5-7 has a better PDR by around 2% than packet ID of 125-5-7. In
addition, a coding rate of 8 increases the PDR by approximately 1% to 3% compared to a coding rate of 5.

Table 2. Result of LoRa PHY Settings for LoRa A-D and Gateway

Packet ID LoRa A (300 m) LoRa C (300 m) LoRa B (20 m) LoRa D (20 m)

(BVg/F?R PDR (%) (Ij::]l) PDR (%) (Izgril) PDR (%) (Ijgril) PDR (%) (ESZI)
125-5-7 95,3 -71.74 95,4 -71.64 96,3 -59.04 96,5 -59.64
125-8-7 97,5 -69.22 97,5 -69.32 98,5 -51.50 98,6 -51.30
125-5-9 94,1 -71.98 94,3 -71.78 95,1 -55.50 95,3 -55.80
125-8-9 95,4 -76.27 95,5 -76.57 96,4 -53.80 96,4 -53.50
125-5-11 98,2 -78.74 98,1 -78.84 99,6 -55.37 99,3 -55.87
125-8-11 98,5 -75.74 98,6 -75.44 98,9 -58.67 98,8 -58.77
250-5-7 97,7 -70.20 97,5 -70.10 98,1 -55.10 98,4 -55.30
250-8-7 98,8 -69.99 98,7 -69.79 98,3 -55.70 98,5 -55.90

Impact of Antenna Height to PDR at LoRa Gateway

100.0 99.2 99.5
98.6
99.0 98.1//”—_.
980 97.0
&\o’ 97.0 96.5
95.8
o 95.5
E 96.0 @=@==PDR-20m
9.0 PDR-300m
94.0
93.0
0 1 2 2.5

Antenna Height

Figure 6. Impact of Antenna Height to PDR at LoRa Gateway

3.2 Impact of Antenna Height

We were also experimenting with the height of the antenna. Figure 6 exhibits the impact of antenna height on the
PDR resultin LoRa gateway. The antenna is placed above the ground from Om to 2.5m. It shows the higher the antenna,
the better the PDR number. The PDR value with an antenna height of 2.5m is higher by about 2% than the PDR with
an antenna height of Om above the ground. It means that with a height of 2.5m, the antenna can send the signal better
and farther. Thus, the receiver will have a better receiving.

3.3 LoRa Gateway and Receiver

The result of PDR and RSSI at the LoRa receiver can be seen in Figure 7. The position of LoRa receiver from
LoRa Gateway is evaluated with different distances from 500 meters to 3 kilometers, as shown in Figure 5. The LoRa
receiver will receive the transmitted data from the LoRa Gateway. The result shows that LoRa receiver can receive up
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to 2.5 kilometers of incoming packets. However, it has the worst PDR number. It is around 5% to 7% of PDR. The
receiver also cannot get the packets at all in the distance of 3 kilometers.

Meanwhile, the PDR value can be received optimally if the distance is less than 1 kilometer with a value of 70%-
90%. Despite that, LoRa Receiver can still get the packet at a distance of 1.5 kilometers with a PDR of around 50%.
Furthermore, RSSI with a distance of 500m has the best value, around -71 to -75 dBm. RSSI represents the strength
of the received signal. The lower its number, the better it is receiving. Also, when the LoRa Receiver is placed at a 3
kilometers distance, its RSSI is 0 dBm. It means LoRa Receiver cannot receive any signal and data. Thus, for
implantation in the real-world case, especially in the irrigation system, it is better if the LoRa nodes are placed at a
distance of less than 1 kilometer.

RESULT OF PDR AT LORA RESULT OF RSSI AT LORA
RECEIVER RECEIVER
—t+— Receiver-500m Receiver-1km —&— Receiver-500m Receiver-1km
Receiver-1.5km Receiver-2km Receiver-1.5km Receiver-2km
—— Receiver-2.5km —#&— Receiver-3km == Receiver-2.5km —@— Receiver-3km
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Figure 7: a. Result of PDR at LoRa Receiver; b. Result of RSSI at LoRa Receiver

4. Conclusion

This article discusses the performance evaluation of LoRa, which is implemented in an loT-based agricultural
irrigation system. This system analyzes two parameters: the received signal strength indicator (RSSI) and the packet
delivery ratio (PDR). The information data sent by LoRa communication is the value of the water level on agricultural
land. The experimental results show that LoRa can be applied to agricultural irrigation systems. LoRa can also send
data packets as far as 2.5 km, but with a low PDR value of less than 10%. It makes the system not work properly and
is not recommended. The system will work well and optimally if the LoRa distance is less than 1 km. The PDR value
obtained is around 70-100%.

One of the challenges in this system is that the PDR level will start to decrease if the LoRa distance is > 1 km.
For the future research, a deeper investigation is needed to overcome the low PDR value. A method to reduce the
packet error rate in LoRa communication is urgently needed. Therefore, LoRa can be applied to certain cases in the
real world of agriculture.
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