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Abstract

In the context of an increasingly advanced era, Internet of Things (1oT) technology has emerged as a significant innovation
across a range of fields. One of the most rapidly developing Internet of Things (IoT) technologies is the Long Range Wide Area
Network (LoRaWAN). LoRaWAN is capable of long-distance communication while simultaneously consuming minimal power.
In this study, we analyze the coverage of the LoRaWAN network in transmitting data with Cikumpa river water objects, with a
100-600 meters distance between the transmitter (TX) and receiver (RX). This study assesses the RSSI network quality,
LoRaWAN SNR, and LoRaWAN network QoS quality concerning throughput, delay, jitter, and packet loss parameters. The
testing results demonstrated that the LoRaWAN network coverage reaches a maximum distance of 600 meters. Researchers
conducted the testing in the Cikumpa River area. They then analyzed the RSSI and SNR test results in the morning, afternoon,
and evening. The results of the RSSI test and calculations demonstrate that as the distance between the transmitter and receiver
increases, the RSSI value decreases. The RSSI testing conducted in the morning exhibited a range of -99 dBm to -121 dBm,
with the SNR values spanning from -3.25 dB to 8.75 dB. The results of the daytime RSSI tests ranged from -104 dBm to -124
dBm, with the corresponding SNR values ranging from -8.50 dB to 9.00 dB. The RSSI test results for the afternoon period
exhibited a range of -96 dBm to -120 dBm, while the SNR demonstrated a range of -7.25 dB to 9.00 dB. In addition, the quality
of service (QoS) can be considered stable based on the results of the RSSI and SNR for each test. During the testing process,
conducted at distances between 100 and 600 meters, there was no packet loss when data transmission occurred. This research
demonstrates the potential for utilizing LoRaWAN technology to monitor a desired object remotely.

Keywords: LoRaWAN, Throughput, Delay, Jitter, Packet Loss, RSSI, SNR, QoS, loT.

I. INTRODUCTION We trialled the LoRaWAN network on the Cikumpa

River, which traverses the Sukmajaya subdistrict. The river's

In the increasingly advanced digital era, Internet of Things
(1oT) technology has emerged as a significant innovation
across various fields, including environmental monitoring [1].
One of the most rapidly expanding Internet of Things (10T)
technologies is the Long Range Wide Area Network
(LoRaWAN). The LoRaWAN technology can communicate
over long distances with highly efficient power usage. It is an
optimal solution for environmental monitoring applications
requiring wide-area coverage and extended battery life [2],

3.

length is approximately 7.25 kilometres [4]. However, to
ensure optimal data transmission, it is essential to consider the
impact of various factors that can influence the signal,
including the distance between devices, potential frequency
interference, and the environmental conditions during the
testing period. These factors have the potential to impact the
strength and quality of the signal, underscoring the
importance of conducting comprehensive testing to optimize
the system's performance and ensure the secure and reliable
transmission of data [5].
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Furthermore, an analysis of the quality of service (QoS) of
the LoRaWAN network is essential. Quality of Service (QoS)
is a metric used to assess the overall performance of a
network. It aims to define the characteristics and properties of
a service, providing a quantitative measure of its quality. We
derive the quality of service (QoS) category by summing all
index values for specific parameters, such as throughput,
latency, jitter, and packet loss [6]. In this flow monitoring
research, QoS is crucial in ensuring the timely delivery of data
collected and sent by the sensor [7].

11. RESEARCH METHODS

This research employs an experimental methodology to
evaluate the functionality of the system or tool under
development as shown in Figure 1. The papers tested the
system using two LoRa-communicating devices that sent and
received data. We predetermined the transmission and
reception paths and collected the data from the test results [8]
[9]. The study commenced with an examination of the existing
literature on the application of LoRa in a variety of systems
and objects. Subsequently, determine the LoRa parameters for
measuring water salinity. Next, initiate the scenario design,
select the tools, and assemble the system. Test the system,
collect data, and evaluate and analyze the results [10] [11].
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Figure 1. System Flowchart
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A. Long Range Wide Area Network (LoRaWAN)

LoRa is a low-power, wide-area network (LPWAN)
communication system that employs modulation techniques
to facilitate transmission over extended distances. The
modulation employed in LoRa is of the FM variety. This
modulation allows the insertion of low-frequency information
into the carrier wave [12] [13] [14]. Implementing wireless
networks in open areas presents a significant challenge when
conducting tests or research. Outdoor environments are open
and highly influenced by natural conditions like weather,
vegetation, water sources, and mobile organisms. Outdoor
environments are subject to more rapid and frequent changes
than indoor environments [15]. Therefore, data transmission
devices are incumbent upon considering environmental
conditions when measuring data to ensure greater accuracy.
The presence of outdoor obstacles results in signal attenuation
and fluctuations. The presence of attenuation raises the
possibility that the distance cannot be accurately determined
[16]. In this study, we employed the LoRa SX1278 Ra-02
module as shown in Figure 2, commonly used by researchers,
to facilitate communication between data senders and
receivers.

(ST
Figure 2. LoRa Module

B. ESP32 Microcontroller

The ESP32 is a single-chip microcontroller integrated with
Wi-Fi and Bluetooth modules (Figure 3). It boasts several
noteworthy features, including the ability to serve as a
solution for devices with limited resources. Its compatibility
with external modules makes it an ideal choice for Internet of
Things (1oT) applications [17].

Figure 3. ESP32 Microcontroller

C. TDS Sensor

The TDS sensor (Figure 4) works using the electrical
conductivity method, where two probes are dipped into a
liquid to measure the level of conductivity, which is affected
by the content of ion particles and electrolyte properties in the
liquid. The sensor has three pins: DATA, VCC, and GND.
The DATA pin connects to GPIO 27 (analog) on the ESP32,
VCC connects to the 3V3 pin, and GND connects to the
ESP32 ground. The signal processing circuit on the sensor

TEKNIKA, Volume 13(3), November 2024, pp. 403-411

ISSN 2549-8037, EISSN 2549-8045

DOI: 10.34148/teknika.v13i3.1060



Ariansa, H., et.al.: Analysis of LoRaWAN Network Signal Coverage and Quality Parameters

405

in Real-Time: Case Study of Cikumpa River Water Quality Monitoring, Depok City

produces an output that shows the conductivity of the solution
based on the working principle of the electrode. [18] [19].

Figure 4. TDS Sensor

D. Map of Research Points in Cikumpa River

Researchers conducted the study at multiple points along
the Cikumpa River, dividing it into two upstream sections,
four downstream sections, and one in the middle. The first
research point lies 100 meters apart, directly between the
receiver and sender. A map of the research points appears in
the Figure 5-6 below.

) e A “ - W i)
Figure 6. Downstream Research Point on the Cikumpa River

E. Receiver Wiring

The process of receiver wiring involves integrating cables
and components to incorporate receivers into a system or
circuit (Figure 7). A receiver is a device that receives signals
or information transmitted by a transmitter in a wireless
communication, monitoring, or other system.

Figure 7. Receiving Device Wiring

F. Wiring the Transmitter

The function of transmitter wiring is to facilitate the
integration of a transmitter into a system or circuit by
establishing connections between the relevant cables and
components (Figure 8-9). Transmitters transmit signals or
information to a designated recipient, such as wireless
communication and monitoring systems.

Figure 9. 3D Tool Design
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G. 3D Design

Three-dimensional design creates a three-dimensional
visual representation of an object or environment. In three-
dimensional design, designers represent objects using three
spatial dimensions: length, width, and depth. This approach
provides a more realistic or realistically detailed
representation than a two-dimensional design. This study
created three-dimensional images using Tinkercad software.

I11. RESULTS AND DISCUSSION

The following illustration depicts the results of water
quality monitoring tools utilizing LoRa communication.
These tools serve as both a LoRa transmitter/sender (sensor)
and a LoRa receiver of data from the sender.

nmmmm

Figure 10. Receiving Device

As illustrated in the Figure 10, the receiver device
comprises multiple components, including the ESP32
microcontroller, LoRa module (which facilitates network
communication between the transmitter and receiver or data
transmission), battery (which provides power), and OLED
display (which displays data obtained from testing).

f

i i
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Figure 11. Transmitter Device

The Figure 11 depicts the transmitter device, which
comprises several principal components. Primarily, the tool
system employs an ESP32 microcontroller, while the LoRa
module facilitates transmission and remote communication
between the transmitter (TX) and receiver (RX). Additionally,
the TDS sensor serves as a water quality detector, and the data
obtained from the TDS sensor is displayed on the OLED and
transmitted to the receiver via the LoRaWAN network.
Finally, the battery provides the device with the necessary
power supply.

A. Prototype Testing

This section aims to evaluate the functionality of the
previously designed prototype. This evaluation will determine
whether the designed system is operating as intended or if any
performance deficiencies exist.

1. LoRaWAN Network Coverage Distance Testing

The initial assessment evaluates the system or tool's
operational range and scope, as illustrated in the Table 1
below.

Table 1. LoRaWAN Network Coverage Testing

Receiver Distance Transmitter Information
(Coordinates) (m) (Coordinates)
WA coo
e w0 tmhs com
e w0 s com
S v
Toesrs 0 lgwoisgy Coverd
S W et oo
s e et o

The tests' results indicate that the LoRaWAN network's
coverage distance ranges from 100 to 600 meters. The
observed decrease in detection range with increasing distance
between receiver and transmitter is attributed to various
factors, including environmental conditions, weather, and tall
structures, which can impede the transmission of LoORaWAN
signals (Table 2).

Table 2. Link Budget [20]

Parameter UL DL
Tx-Power (dBm) 15 20
Tx-Cable loss (dB) -1 -3
Tx-Antenna Gain (dB) 0 9
Tx-Antenna Height (m) 30
RX-Antenna gain diversity (dBi) 10 0
Rx-Antenna Height (m) 1.5
Frequency (MHz) 920
Bandwidth (kHz) 125

2. RSSI and SNR Testing
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This paper should test the quality of RSSI and SNR in data
transmission. The RSSI calculation considers the path loss
value incurred due to the distance between the transmitter (tx)
and receiver (rx). The path loss exponent function calculates
the average path loss for large-scale (PL(d)) [21]. RSSI
(Received Signal Strength Indicator) and SNR (Signal-to-
Noise Ratio) significantly influence the coverage of a
LoRaWAN network. RSSI indicates the signal strength
received by a device from a LoRa gateway, and the higher the
value, the better the connection quality [10]. However, SNR,
which measures how well a signal distinguishes from noise in
the surrounding environment, also heavily influences
comprehensive coverage. Good SNR can still enable
communication in areas with weak signals (low RSSI).
However, ultimately, the coverage of a LoORaWAN network
will be limited if the RSSI is too low or the SNR is too poor
because the signal cannot be captured enough by the gateway
[16]. Combining the two determines how far a LoRa device
can reliably communicate with the gateway. The following
equation 1-2 are employed:

PL(d)[dB] = PZ(d0) + 10n log (dio) +Xo 1)
Pr(d) = Pt(d) —PL(d) @)

To calculate the RSSI, use the following equation 3:
RSSI = Pt(d) — (PL (d0) + 10n log ( =) + Xo) ®)

The data transmission system was tested on three
occasions, at three different times of day (morning, afternoon,
and evening), using the LoRaWAN network and the ESP32
microcontroller. The tests were conducted from 100 meters to
600 meters from the receiver. The subsequent table illustrates
the outcomes of the RSSI and SNR values acquired during the
system testing phase.

Table 3. RSST and SNR Result Data

on the RSSI quality parameter, the tests and calculations show
that the Lora signal quality remains satisfactory at 100 and
200 meters. However, the signal weakens or decreases as the
distance between the receiver and transmitter increases. The
morning test calculated path loss using a transmitter and
receiver distance ranging from 100 to 600 meters. We
employed the equation above to complete this task.

Pt :-58 dBm

n : 2.7 — 3.5 (urban area cellular radio)
d : 100 — 600 meters

do : 1 meters

x deviation :0dB

In this context, PL (d0) represents the path loss reference
distance (d0), which is 1 to 1.5 meters under free space
conditions. The path loss exponent, n, is adjusted to reflect the
prevailing environmental conditions at the time of testing. The
corresponding exponent in Table 4 is provided below for
reference:

Table 4. Exponent [21]

Distance Morning Afternoon Evening RSSI
(m) RSSI  SNR RSSI  SNR RSSI  SNR Cfti]CU|a
ion
100 -103 8.75 -104 9.00 -96 9.00 -112
200 -99 8.00 -113 7.00 -101 0.50 -120.127
400 -109  -0.50 -121 025 123 -2.75 -128.274
200 -107  -0.50 -115 725 -114 -6.75 -120.127
400 -109  -3.25 -123 -850  -115 7.50 -128.274
500 -119 5.00 -124  -7.25 -120  -7.25 -130.703
600 -121 1.75 -124 550  -116  -6.50 -133.006

A comparison of the results of path loss calculations
carried out from a distance of 100 meters to 600 meters and of
direct RSSI testing indicates that the two sets of results are
similar. This research observed the highest test RSSI result at
a distance of 200 meters, with an RSSI value of -99 dBm. In
contrast, we recorded the highest calculated RSSI at a distance
of 100 meters, with an RSSI value of -112 dBm. As evidenced
by the data presented in the table, the RSSI value ranges from
-103 dBm to -121 dBm. At a distance of 200 meters, the RSSI
value reached -99 dBm, the highest recorded. At 600 meters,
the value dropped to -121 dBm, the lowest observed. Based

Environment Path Loss Eksponen
(n)
Free space 2
Urban area cellular radio 2.7-3.55
Shadowed urban cellular radio 3-5
In building LOS 1.6-1.8
Obstructed in building 4-6
Obstructed in factories 2-3
1. Distance 100 meters
Pl =PLO+10x2.7 1og10(11E)+0
Pl =log,, (100) =2
Pl =10x2.7x2
Pl =10x54
Pl =-54dB
RSSI =Pt-Pl
RSSI =-58 dBm -54 Db
=-112 dBm
2. Distance 200 meters
Pl =PLO+10x 2.7 logy, () +
Pl =log,, (200) = 0.031 + 2 = 2.031
Pl =10x2.7x2.031
Pl =27x2.031
Pl =-62.127 dB
RSSI =Pt-Pl
RSSI =-58 dBm - 62.127 dB
=-120.127 dBm
3. Distance 400 meters
Pl =PLO+10x2.7 logy, (=) +0
Pl =log,o (400) = 0.602 + 2 = 2.602
Pl =10x2.7x2.602
Pl =27x2.602
Pl =-70.254 dB
RSSI =Pt— Pl
RSSI =-58 dBm - 70.254 dB
=-128.254 dBm
4. Distance 500 meters
Pl =PLO+10x2.7 logy, (=) +0
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Pl =logy (500) = 0.699 + 2 = 2.699 In addition to the observed fluctuations in RSSI values, the
Pl =10x27x2.699 SNR value also demonstrated a notable decline from 100
Pl =27 x2.699 )
Pl — 72873 dB meters to the next distance up to 600 meters. The SNR value
is optimal at the initial transmission, occurring at 100 meters,
RSSI  =Pt-Pl with an SNR value of 8.75 (dB).
RSSI  =-58 dBm—72.873 dB
=-130.873 dBm
5. Distance 600 meters Graph of RSSI Testing and RSSI Calculation at Noon
Pl =PLO+10x2.7 logy, (=) + 0
Pl =logy (600) = 0.778 + 2 = 2.778 g ° T w  wm  w  w  w w e
Pl =10x2.7x2.778 g 20
Pl =27x2.778 e
Pl =-75.006 dB =
RSSI  =Pt—PI ‘; ©
RSSI  =-58 dBm —75.006 dB g
=-133.006 dBm op
S0 108 113
The path loss calculation, based on an exponent value of & e - A 921 03 o0 124
2.7 (urban area cellular radio) on Table 4, indicates that the % ) 2 50 a2
R -140 Tt R G 128130 133

highest RSSI value, -112 dBm, is obtained at a minimum test
distance of 100 meters. The lowest value, -133.006 dBm, is
obtained at a maximum test distance of 600 meters.

As the distance increases, the value in question decreases
by the observed trend. As illustrated in the Figure 12-13, the
RSSI, an effective testing metric, is at a distance of 200 meters
with an RSSI value of -99 dBm. In contrast, the calculated
distance is 100 meters with an RSSI value of -112 dBm. The
factors that affect RSSI values are not limited to differences
in distance; other factors, such as the surrounding conditions
and weather, also significantly impact the network when
transmitting data. Data was collected on 10 June 2024 with
sunny, cloudy weather.

Graph of RSSI Testing and RSSI Calculation mn the Morning

-20
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-80 99

a0 103 107 -109  -109

120 117

140 1204120 T %8 130
Tx to Rx distance

-119 1121

-133

RSSI Testing and Calculation

=8—RSS| Testing RSSI Calculation
Figure 12. Graph of RSSI Testing and RSSI Calculation in
the Morning (6 AM)

Morning SNR Graph

10

SNR

-3,25
Tx to Rx distance

Figure 13. Morning SNR Graph (6 AM)

—o—RSS| Testing RSSI Calculation

Figure 14. Graph of RSSI Testing and RSSI Calculation at
Afternoon (12 AM)

The results of the conducted tests indicate that the RSSI
value is inversely proportional to the distance between the
receiver and transmitter, with a decrease in signal strength
observed as the distance increases (Figure 14). The graph
compares the results of RSSI testing and RSSI calculation. We
observed the optimal RSSI value at a distance of 100 meters.
The RSSI testing yielded -104 dBm, while the RSSI
calculation was -112 dBm. At the maximum distance of 600
meters, the lowest RSSI value was recorded, with RSSI
testing at -124 dBm and RSSI calculation at -133 dBm.

Afternoon SNR Graph

—

SNR
o
CHNANONARN®RO

Tx to Rx distance

=o=SNR
Figure 15. Afternoon SNR Graph (12 AM)

The data obtained from the conducted tests indicate a
consistent trend: as the signal source and receiver distance
increases, the signal strength decreases. The graph of the test
results shows that the signal-to-noise ratio (SNR) remains
relatively high at distances between 100 and 200 meters when
the SNR value is 9.00 dB and 7.00 dB (Figure 15). At a
distance of 400 meters, the SNR drops to its lowest value of -
8.5 dB.
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Graph of RSSI Testing and RSSI Calculating in Evening
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Figure 16. RSSI Graph of Evening Testing and Calculation
(5 PM)

The graph in Figure 16 depicts the variation in test RSSI
values at varying distances. At a distance of 200 meters, the
RSSI values were -101 dBm and -114 dBm. At a distance of
400 meters, the RSSI values were -123 dBm and -115 dBm.
However, the RSSI calculation remains constant while the
increasing distance of signal strength decreases. We observe
the highest RSSI calculation value of -112 dBm at a minimum
distance of 100 meters and the lowest value of -133 dBm at a
maximum distance of 600 meters.

Similarly, the SNR value demonstrated increased signal
strength that diminished with the increased distance between
the receiver and transmitter. However, at the same distance,
namely 200 meters with an SNR of 0.5 (dB) and -6.75 (dB),
and at a distance of 400 meters with an SNR of -2.75 (dB) and
7.5 (dB), the results were consistent. Many factors can
influence the signal, resulting in variations in SNR values or
signal quality even when the distance remains constant but the
environmental or weather conditions differ. Data was
collected on 10 June 2024 with sunny, cloudy weather as
shown in Figure 17.

Evening SNR Graph

-
5]

SNR
Bodbbbonaon

Tx to Rx distance

=—SNR
Figure 17. Evening SNR Graph (5 PM)

3. Quality of Service (QoS) Testing

The third test assesses the transmission apparatus's
functionality, evaluating the LoRa network's efficacy in
transmitting and receiving data. We evaluate the delay,
throughput, jitter, and packet loss in the NLOS area, ranging
from 100 to 600 meters.

In order to ascertain the quality of service or network on
LoRa, a network recorder application, specifically the

Wireshark application, must be utilized. Furthermore,
calculations may be performed with equation 4-7 in order to
obtain data regarding delay, throughput, jitter, and packet loss,
as outlined below:

1) Delay = time received - time sent 4
__(number of bytes)

2) Throughput rTe— 5)

3) Jitter = second delay - first delay 6)

4) Packet loss _ (packets sent— packets received) % 100 (7)

(packets sent)

The results of the data transmission testing conducted
using LoRaWAN on three occasions (morning, afternoon, and
night) yielded the Quality of Service (QoS) metrics, including
throughput, packet loss, delay, and jitter. We present the
findings in Table 5 below:

Table 5. Throughput and Packet Loss Data

Distance Morning Afternoon Evening

(m) Throu Packet Throu Packet Throu Packet

ghput Loss ghput Loss ghput Loss

(kbps) (%) (kbps) (%) (kbps) (%)
100 456 0 372 0 408 0
200 273 0 287 0 360 0
400 481 0 353 0 453 0
200 481 0 429 0 422 0
400 382 0 555 0 264 0
500 582 0 583 0 602 0
600 592 0 421 0 576 0

Getting delay and jitter can be seen in the Table 6 below:

Table 6. Delay and Jitter Data

Distance Morning Afternoon Evening

(m) Delay Jitter Delay Jitter Delay Jitter
(m) (ms) (ms) (ms) (ms) (ms)

100 1321 1301 1.630 1604 1.482 1.458

200 2167 2.070 2.124 2.093 1.686 1.657

400 1047 1040 1716 1548 1.332 3.310

200 1235 4509 1406 1386 1.423 1.343

400 1587 1561 1.082 1065 2334 2291

500 1.033 1.016 1031 1.014 1.001 0.987

600 1016 0999 1450 1416 1.042 1.036

IV. CONCLUSIONS

The test results show that the LoRa SX1278 component,
operating at 433 MHz, transmits when paired with a 12 dBi
LoRa antenna at the same frequency. The LoRa network
demonstrated the capacity to cover the maximum testing
distance of 600 meters from the RX. We conducted the
experiment near the Cikumpa River and observed the flow.

The distance between the transmitter and receiver
significantly impacts the RSSI and SNR wvalues. The
experiments were conducted at three distinct times of day:
morning, afternoon, and evening. The RSSI value decreases as
the distance between the transmitter and receiver increases.
The RSSI testing conducted in the morning yielded results
ranging from -99 dBm to -121 dBm. The corresponding RSSI
calculations ranged from -112 dBm to -133.006 dBm, with the
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SNR values falling between -3.25 dB and 8.75 dB. The results
of the daytime RSSI tests ranged from -104 dBm to -124 dBm,
with the RSSI calculations ranging from -112 dBm to -133,006
dBm and the SNR ranging from -8.50 dB to 9.00 dB.

Furthermore, the RSSI test results in the afternoon
exhibited a range of -96 dBm to -120 dBm, with RSSI
calculation results of approximately -112 dBm to -133,006
dBm and SNR values between -7.25 dB and 9.00 dB. In this
experiment, we calculated the RSSI using an exponent value
of 2.7 (Urban area cellular radio) and estimated the distance to
be 1 meter. The overall results demonstrate that, based on the
RSSI signal specifications in this test, the signal quality is
optimal at distances of 100 and 200 meters. However, signal
quality begins to decline at distances of 300 to 600 meters.
Such outcomes are contingent upon many variables, including
environmental factors, meteorological conditions, and the
surrounding circumstances at the assessment time.

The results of the conducted tests indicate that the quality
of the network, or QoS, is significantly affected by the distance
between the network components. As evidenced by the
disparate RSSI and SNR outcomes, the network signal quality
diminishes with increasing distance. We conclude that the
signal remains stable when we consider the results of the RSSI
and SNR tests at different times of day—maorning, afternoon,
and evening. When testing at distances ranging from 100 to
600 meters on the Cikumpa River, with the NLOS area, no data
loss or packet loss occurred during data transmission despite
fluctuations in network signal quality. In light of the
parameters mentioned earlier about QoS, the quality of the
tests can be classified as satisfactory.
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