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Developing of Automatic Fertilizer Control
System 1n Soybean Plant Based on Internet of
Things and LoRa Networks

Doan Perdana, Wahyu Rizal Panca Kusuma, and Ibnu Alinursafa

Abstract— This research is developing the analog value from the
NPK sensor to digital using the YL 38 comparator module to
obtain detailed Nitrogen (N), Phosphorus (P), and potassium (K)
values according to the NPK sensor datasheet. This system is a
network based on the Internet of Things (IoT) and LoRa. The IoT
and LoRa features installed on this device, meanwhile the
measurement and fertilization data can be monitored easily
through an Android application. This research using a frequency
01 922.4 Mhz, 125 kHz bandwidth, 10 spreading factors, and a code
rate of 5. The Network Quality of Services testing i.e. delay, packet
loss, SNR, and RSSI. The QoS was measured at 6 locations.
different, 1 location 0 km, 4 locations 1 km, 1 location 2.5 km from
BTS LoRa. It was concluded that the parameters used are by the
conditions and distances in the data collection. It is proven that all
the standards in each parameter are met. In testing the LoRa
network it can be concluded that the farther the distance from the
LoRa BTS the data transmission quality is getting worse.

Keywords—Nitrogen, Phosphorus, Potassium, NPK Sensor,
LoRa, Internet of Things, Antares LR-ESP201

I. INTRODUCTION

GRICULTURE is the main occupation that contributes to
addressing food needs. This will be successful only if the
farmers can produce high yields in their cultivation. The low
yield of cultivation in agriculture [1] affects the increase in
income of developing countries. One of the main reasons for the
low yields is the improper use of fertilizers by farmers. Fertilizer
must be added in an amount according to the nutrient needs in
the soil. Therefore, testing the soil for available nutrients for
plant growth is unavoidable before adding fertilizer. Soil testing
is mostly done to estimate the availability of nutrients in the soil
for plant growth. Determination of fertilizer recommendation
[2] for effective plant growth is the main outcome of soil testing.
However, soil testing is rarely carried out by farmers because
of its complex nature such as laboratory procedures [3]. In
general, soil testing for nutrients is done manually in
commercial laboratories which cannot facilitate farmers
because it requires more time and cost [4].

One of the foodstuffs from the Leguminosae family that is
consumed by Indonesians is (Glycine max (L.) Merr.). National
consumption is calculated based on total population and per
capita consumption per year. The population grows about 1.3%
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per year, domestic soybean consumption is 35% met from
imported soybeans [5]. In 2010, soybean production was
estimated at 927.38 thousand tons of dry beans, a decrease of
47.13 thousand tons (4.84%) compared to 2009 [6]. Based on
data obtained from BPS (Central Statistics Agency) and the
Ministry of Agriculture, it shows that soybean production
achievements in 2010-2012 decreased respectively by 0.91
million tons and 0.84 million tons [7].

The high consumption and decreased production of soybean
commitment in Indonesia need good and sustainable handling
so that yields can be increased again. Increasing soybean yields
can be done by providing sufficient nutrients so that plants can
grow well. Providing nutrients according to their needs with
fertilization, fertilizer management is an important effort to
increase plant growth and production and lose various
macronutrients in this case nitrogen (N), phosphorus (P), and
potassium (K) [8]. Soil tests for macronutrients are carried out
separately for nitrogen, phosphorus and potassium [9], it will
waste time and not economical for farmers.

The development of information and communication
technology is accelerating, one example of the Internet of
Things (IoT). IoT itself is a global infrastructure for public
information that supports sustainability with interconnection by
a sensor based on the development of interrelated information
and communication technology [10]. In this final project, the
author wants to use IoT in the agricultural sector, especially in
soybean farming in the field of presenting fertilizers and the
state of nitrogen (N), phosphorus (P) and potassium (K) soil
automatically so that the quality and quantity of soybeans
increase.

WiFi module was used as a transmission medium and NTP as
a source of time data input, in previous studies also the network
quality testing process. taken 3 location points with a maximum
distance of 15 meters [31]. This system is a network based on
the Internet of Things (IoT), internet connectivity is used to
exchange information with surrounding objects. The results of
this system design are in the form of a tool to measure each
element of N, P, and K. With the IoT and LoRa features installed
on this device, measurement and fertilization data can be
monitored easily through an android application that has been
created on an android smartphone.
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The key factor is reduce the power consumption of the micro
system [34]. For transmission media, the authors use Low
Power Wide Area Network (LPWAN) as a type of wireless
telecommunication network with LoRa modulation techniques
using communication protocols and LoRaWan system
architecture. Due to the superiority of LoRa technology, as a
wide area network solution that promises reach with very low
power consumption and a good level of security, with thousands
of'node devices that can be connected in the network so it is very
suitable for IoT [11].

In this research, we will design and build a system to meet the
fertilizer needs of soybean farming. The system functions to
maintain the levels of nitrogen (N), phosphorus (P), and
potassium (K) in soybean plants during the growth process. The
system is designed using the NPK sensor, water pump, RTC,
Antares LR-ESP201 Board as the control center. The NPK
sensor will measure nitrogen (N), phosphorus (P), and
potassium (K) levels in the soil. Then the mini DC pump will
deliver the required fertilizer according to the fertilization time
span regulated by the RTC. Data on levels and conditions of
nitrogen (N), phosphorus (P), and potassium (K) fertilization
will also be presented in an android application using the LoRa
modulation technique.

II. RELATED WORKS

IoT for agricultural land is very common in all over the
world especially countries with the most advanced technologies.
Discussions about precision agricultural process is very
interesting because it is highly applicable in many tropical
countries [12].

Lavanya, G., Rani, C. and Ganeshkumar, P., 2020,. Research
entitled Low-Cost loT-Based Automatic Fertilizer Estimation
System for Intelligent Agriculture. This study uses a new
Nitrogen-Phosphorus-Potassium (NPK) sensor with Light
Dependent Resistor (LDR) and Light Emitting Diodes (LED).
The principle of colorimetry is used to analyze and analyze the
material that is in the soil. Data detected by NPK sensors
designed from selected fields of agriculture is sent to the Google
cloud database to support fast data. The fuzzy logic concept is
applied to receive nutrients from sensing data [13].

The next study is a research by Perdana, D., Renaldi, L. and
Alinursafa, 1., 2020. Research entitled Performance Analysis of
Soil Moisture Monitoring based on Internet of Things with
LoRA Communications. Designed a system for measuring the
levels of elements such as nitrogen, phosphorus and potassium,
in the soil to increase crop yields. In addition, the Antares LR-
ESP201 Board is used to transmit data to the cloud and Low
Power Wide Area Network LoRa is also applied to the 920-923
MHz frequency and can be monitored in realtime via the android
application [14].

Perdana, D., Imadudin, M. and Bisono, G., 2019. Research
entitled Performance Evaluation of Soil Substance
Measurement System in Garlic Plant based on Internet of
Things with Mesh Topology Network Scenario. This study
measured Nitrogen (N), Phosphorus (P), Real-time potassium
(K) levels in plantation land using NPKsensors and nodemcu as
a microcontroller and provide real-time information
connectivity using a mesh topology and concluded that the
accuracy of the measurement data was compared for an
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analogue meter NPK (Doctor Plant) above 90%. Based on
endurance test of devices and systems using Xiaomi power bank
of 5000mAh, device and system worked fine for 30 hours
without problems. Moreover, the accuracy of the data can and
uploaded to the database no error with 100% [15].

Kapse, S., Kale, S., Bhongade, S., Sangamnerkar, S. and
Gotmare, Y., 2020. The title IOT Enables NPK Nutrient
Detection of Soil Testing. The proposed system for [oT-enabled
soil testing is based on measuring and observing soil
parameters. The system functions to monitor temperature,
humidity, soil moisture and soil pH along with a color sensor
for NPK nutrients soil. The data detected by the sensor is stored
in the cloud and based on suggestions for development suitable
plants are made. The Wi-Fi module presented with the Arduino
is used to display test data [16].

Rachmani, A.F. and Zulkifli, F.Y., 2018,. The title Design
of IOT monitoring System Based on LoRa Technology for
Starfruit Plantation. The focus of this research is the design of a
LoRa-based monitoring system in star fruit plantations. using
pH and soil moisture sensors for soil conditions in the
plantation. From the experimental experiment, the maximum
coverage is 700 meters with an RSSI value of -120 dBm and a
PDR value below 50%. In the end user interface it is revealed
that the interface can be accessed via desktop and smartphone
[17].

III. RESEARCH METHOD

NPK sensor
retrieve data
N Voltage gain and ADC
D‘SD‘ES; t['p: rggvalue conversion mapping on the
Antares LR_ESP201 Board

I

Data is sent to the LoRa
gateway

I

Data is sent fo the LoRa

l

Data sent to Antares

l

Data received by Antares

l

Data is sent to the Android
application

Android application
displays data

FINISH

Receive real time time from
RTC

he NPK value is below the ideal
and the time is in accordance with the
provisions

False

Pump on

Pump off

Fig.1. Flowchart System

The flow chart in Figure 1 describes the process of forced
sensor data to sending data from Antares to Android. Using the
NPK sensor takes data from the soil then sends that data to the
Antares LR-ESP201 Board to amplify the voltage and map the
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ADC conversion. Antares LR-ESP201 Board here has three
tasks, namely sending data to the LCD, sending data to the
Android application then carrying out the fertilization process.

A. Inverting Amplifier

The operational amplifier or often called OpAmp is an
electronic component which serves to return the signal direct
current (DC) or alternating current (AIR CONDITIONING).
The operational amplifier consists of ransistors, resistors and
capacitors are assembled and packaged in a series integrated
(Intregated Circuits) [29]. The inverting amplifier is an
electronic circuit that serves to amplify and reverse the polarity
of the input signal [30].The YL 38 comparator module is used
in this project. With line opamp comparator based on L393 IC.
Sensing output voltage the probe is connected to the amplifier
inverting [29].

R < R4 < RS |
1K 21K §10K'

cz
0.1uF

YL 38 Comparator module _L

Fig.2. YL 38 Comparator Module [29]
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The reinforcement formula of the inverting circuit is
obtained from the following equation:
Vo = Output Voltage (Volt)
Vi = Input Voltage (Volt)
Av = Voltage Amplifier (Volt)
R1 = Resistor Input (Ohm)
R2 = Feedback Resistor (Ohm)

B. Design of NPK Sensor

float npk sensor = analogRead(32);
float npkconvert = map(npk sensor, 4095, 0, 0,
float npk = map(npkconvert, 0, 40%5, 1, 300);
nitrogen = map (npk, 1, 300, 0, 200):
phosphorous = map(npk, 1, 300, 0, 14);
potash = map(npk, 1, 300, 0, 200);

Fig.3. Mapping of NPK sensor

4095) ;

Based on Figure 3, before determining the ADC (Analog to
Digital Converter) value for voltage mapping, the NPK sensor
is calibrated to obtain the voltage value results at the minimum
and maximum times. The Antares LR-ESP201 Board has an
ADC value of 12 bits and reads analog values ranging from 0 to
4095, with a value of 0 corresponding to 0 V and 4095
corresponding to 3.3 V [18].

Because the author uses the YL 38 comparator after

calculating the results obtained Vo = -3.3 V and Av = -1 so it
can be concluded that the incoming analog value is 4095 to 0,
4095 for 0 volts and 0 for 3.3 volts. Therefore, in the stress
mapping process, the value is converted to be 0 -to 4095.
After the analog pin (pin 32) gets the measurement result data
then the data is mapped with the initial value from 0 to 4095
becomes 1 to 300. Then the data is divided into each category
according to the existing sensor datasheet.

The standards by which the instrument is calibrated are as follows:

Too Littie ldeal Range Too Much
Nitrogen 50 ppm 50 to 200 ppm 200 ppm
Phosphorous 4 ppm 4 to 14 ppm 14 ppm
Potash 50 ppm 50 to 200 ppm 200 ppm

ppm is defined as parts-per-miilion

Fig.4. Datasheet of NPK Sensor [19]

Figure 4 shows the value ranges of nitrogen (N), phosphorus
(P), and potassium (K). For nitrogen (N) the highest range is at
200 ppm and for phosphorus (P) is at 14 while for potassium (K)
is at 200 ppm. Meanwhile, numbers 1 to 300 are obtained from
the calculation of the NPK sensor classification.

C. Fertilization System

RTC (Real time Clock) is a digital clock contained in the PLC
which is stored in the PLC CPU memory. The author uses RTC
as a time input source to adjust the best fertilization time for
soybean plants [20]. Fertilization time in the morning,
afternoon, and evening, indicating that the stomata open up in
the morning. During the day the stomata remain open but not
maximally, to reduce evaporation, while in the afternoon the
stomata open is greater than during the day. The exact time is
07.00 A.M - 10.00 A.M and 03.00 P.M - 06.00 P.M [21].

Whereas for the ideal soil nutrient availability value for
soybean plants, the nitrogen (N) value should not be less than
75 ppm, for the phosphorus (P) value is 11-15 ppm while for
potassium (K) is 81-120 ppm [22].

D. IoT Based LoRa

LoRa LoRa
Gateway Server

ecsscecsas Antares

Application Server

Fig.5. LoRa Network Architecture

LoRa (Long Range) is a radio modulation technology for
LPWAN networks based on spread spectrum transmission
techniques and CSS modulation (Chirp Spread Spectrum). The
data sent is a JSON file because LoRa cannot send data in the
form of images, sound, and video [23]. Figure 4 shows the LoRa
network architecture with the following functions:

End Nodes function as senders of data sent to the gateway
with LoRa RF (Radio Frequency) LoRaWAN [24]. LoRa
gateway functions as a device that transmits raw data from End
Nodes to the network server with TCP / IP SSL (Secure Socket
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Layer) LoORaWAN [24]. LoRa Server is a device that functions
to store data and will be sent to the application server with TCP
/ TP SSL Secure Payload [24]. Antares Database from PT.
Telekomunikasi Indonesia. Antares is an IoT platform which
function to receive and sends data real time. Antares can also
stores historical data so that previous data can be seen and
reevaluate for better results [25]. Application Server functions
to store and display data to customers [24].

E. Hardware and Components

Table I
Hardware and Components

No Software Function

—_

Antares LR-ESP201 Board ~ Microcontroller as a whole system

access

2 NPK Sensor Used to detect the NPK condition

3 Mini DC Pump To pump water into the soybean plant

4 Relay 5V For logic switch to activate water pump
5 LCD To display the NPK condition

6  Solar Panel Power Bank Energy source fot the device

7 RTC Time input source to the microcontroller

Table I describes sensors and equipment for the device.
There are 7 components that have different functions. For
relays, microcontroller, RTC located in the sensor box.
Meanwhile, the NPK sensor, LCD, and solar panel power bank
are located on the surface of the electronic box. The DC mini
pump is located in the NPK fertilizer container.

F. Software and Application

This research requires some software as a program to run
the entire system of tools and make applications on the system.
Here are some applications and software used.

Table II
Software and Application

No Software Function

1 Arduino IDE

A software to configure and command
Arduino as a microcontroller

2 Antares Database Used to store realtime data and historical
data

3 MIT App Inventor  Opensource platform to create Android
Application

In table II. are shown the software and platforms that can
provide an interface from database to application. The first
software is the Arduino IDE. Arduino IDE is a software to write
and upload program to arduino boards in C and C++ language.
Next is the Antares Database from PT.Telekomunikasi
Indonesia. Antares is an [oT platform which function to receive
and sends data real time. Antares can also stores historical data
so that previous data can be seen and reevaluate for better
results[25]. The last one is the MIT App Inventor. The MIT App
Inventor is a block visual language platform to create android
application. It is being managed by Massachusetts Institute of
Technology so that people around the world can actualize IoT
concept and integrate it from the device to the application. It can
receive data from database and display them so it can be read by
user. [26]
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IV. RESULT AND DISCUSSION

This chapter discusses the tool functionality testing and
LoRa Network Testing using the Lora Telkom DDS gateway.

A. Transfer and Reading Data Testing

Testing data transfer and reading is required before the [oT
process is carried out. This is because if the data transfer fails,
the data will not be sent to the database and will not receive the
current state of the soybean plant.

& AnTaRes

A NP

Fig.6. Transfer Data Testing

When sending and reading data, the microcontroller sends the
data to Antares. After the data is sent, the microcontroller will
run the fertilization process and see the condition of the soybean
plants in real time. The process and evidence of data transfer can
be seen in Figure 6.

B. Device Functionality Testing

This test is conducted to determine whether the system is
successfully operating to monitor and control the automatic
watering process of soybean plants. The success parameter used
in this test is that the device can operate in accordance with the
concept of the system. Following are the test results shown in
Table III. below.

Table 111
Device Testing
Component Function
1 Digital NPK Sensor reads the value of N, succeed
P, and K levels in soybean plants
2 When the NPK value and time are entered  succeed
in the fertilization parameter, fertilization
occurs
LCD displays NPK conditions succeed
4  Water pump will pump water when the succeed
NPK value below the ideal range
5 Microcontroller will run the command and  succeed
send data via LoRa to antares
6 Solar Panel Power Bank will power the succeed
device
7 Display data in android application succeed

C. Monitoring Testing

This test was conducted to determine the conditions of the
nitrogen (N), phosphorus (P), and potassium (K) values in the
soybean soil. Following are the results of monitoring carried
out. The results of monitoring can be seen in Table IV.
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Table IV
Sensor Testing
Digital NPK Sensor NPK

Soil Sensor
Sampel Analog

N P K Value Value

(ppm) _(ppm) (ppm)
Soil Street 12 1 8 6,75 6,77
Rice Fields 128 11 122 5,5 5,5
Rice Fields With 300 22 292 <1 <1
3 grams NPK
Fertilizier

It can be seen that the digital NPK sensor can not only
display the average NPK value data but can also provide NPK
value data separately. With a level of accuracy or data
similarity between the analog NPK sensor and the digital NPK
sensor of more than 95%.

D. Controlling Testing

This test is carried out to determine whether the automatic
fertilization system control is successful according to the
instructions given to the microcontroller. The following is the
control data for 5 experiments.

Table V
Controlling Testing

Digital NPK Pump Condition
Soil Sensor Condition
Sampel ~N P K Pump Pump Pump
(ppm) _ (ppm) (ppm) N p K
1 125 14 130 OFF OFF OFF >Ideal
2 117 14 128 OFF OFF OFF >Ideal
3 110 15 125 OFF OFF OFF >Ideal
4 90 12 110 OFF OFF OFF >Ideal
5 73 10 78 ON ON ON <Ideal

E. Android Application

2020-
12-21

Jantares-cse/cin-
fXEwncfzR_-b4uRR
“type": “uplink™,
"port": 1,
“data’: |"x~o|N~147,P~3,K~132\PN~@, PP~0,PK~0"

Fi g7 Data on Antares

B ME @ O 9 3.4xB/s T Dl . B @D

Fertilization (N) : OFF

Fertilization (P) : OFF

Fertilization (K) : OFF

Time (hhmmss) : 123629

My Plants

Fig.8. Data on Android Application

It can be seen from Figure 7 and Figure 8 that the data and
time received by Antares and the Android application is the
same. It can also be seen that the P value is below ideal but
fertilization is not running because it is not within the specified
time interval. This proves the system is running well.

F. LoRa Network Quality Testing

This LoRa network test is done by disconnecting the LoRa
RFmM95W antenna, which later functions as a LoRa network
receiver from the LoRa gateway located at STO Telkom DDS
Bandung. Selection of the appropriate method for determining
the current the exact value to the raw data that can influence the
results obtained and interpreted thereafter [33]. This testing
process is carried out by measuring SNR, packet loss, and delay.
The test was carried out for 30 minutes with 6 locations.
different, 1 location is 0 km, 4 locations are 1 km away, 1
location is 2.5 km from BTS LoRa.

G. Delay

The total time to find destination involves broadcasting time and
waiting time [32]. Delay is the time it takes for data to be sent
to its destination. Delay can be divided between packet length
(L, packet length (bit / s)) divided by link bandwidth (R, link
bandwidth (bit / s)) [27]. Here are the formulas based on
TIPHON.

Packet length

D =——— 3
elay Link bandwidth ( )
Table IV
Delay Category by TIPHON
Category Delay Value (ms)
Very Good <150 ms
Good 150 ms - 300 ms
Medium 300 ms — 450 ms
Poor > 450 ms

The delay test is divided into 6 locations. different, 1
location is 0 km, 4 locations are 1 km away, 1 location is 2.5
km. The following is a graph of the results of the delay
measurement that has been carried out.
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DATA

Delay

Fig.10. Delay in 0 km

Figure 10 is the result of the delay at 0 km from the device
to the LoRa gateway. Data was sent for 30 minutes and got an
average delay of 1 ms. As can be seen in Table IV, this score
falls into the "very good" category. So it can be serviced that
LoRa shipments at a distance of 0 km from the LoRa gateway
get a delay in the "very good" category according to TIPHON
(Telecommunications and Internet Protocol Harmonization
Over Networks).

0,0066
0,0065
0,0064
0,0063
0,0062

0,0057
0,0056
1 5 9131721252933374145495357616569737781858995
DATA

Fig.11. Delay in West Distance 1 km

Figure 11 is the result of the delay at 1 km from the device
to the LoRa gateway. Data was sent for 30 minutes and got an
average delay of 6.3 ms. As can be seen in Table IV, this score
falls into the "very good" category. So it can be serviced that
LoRa shipments at a distance of 1 km from west the LoRa
gateway get a delay in the "very good" category according to
TIPHON (Telecommunications and Internet Protocol
Harmonization Over Networks).

0,0100

0,0080

0,0040
0,0020

0,0000
1 4 710131619222528313437404346495255586164677073767982858894
DATA

Delay

Fig.12. Delay in East Distance 1 km

Figure 12 is the result of the delay at 1 km from the device to
the LoRa gateway. Data was sent for 30 minutes and got an
average delay of 7.5 ms. As can be seen in Table IV, this score
falls into the "very good" category. So it can be serviced that
LoRa shipments at a distance of 1 km from east the LoRa
gateway get a delay in the "very good" category according to
TIPHON (Telecommunications and Internet Protocol
Harmonization Over Networks).
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Fig.13. Delay in North Distance 1 km

Figure 13 is the result of the delay at 1 km from the device to
the LoRa gateway. Data was sent for 30 minutes and got an
average delay of 6.2 ms. As can be seen in Table IV, this score
falls into the "very good" category. So it can be serviced that
LoRa shipments at a distance of 1 km from north the LoRa
gateway get a delay in the "very good" category according to
TIPHON (Telecommunications and Internet Protocol
Harmonization Over Networks).

0,0070
0,0060
0,0050

G

< 0,0040

=

© 0,0030

=}

0,0020
0,0010

0,0000
15 9131721252933374145495357616569737781858996
DLYEY

Fig.14. Delay in South Distance 1 km

Figure 14 is the result of the delay at 1 km from the device to
the LoRa gateway. Data was sent for 30 minutes and got an
average delay of 5.5 ms. As can be seen in Table IV, this score
falls into the "very good" category. So it can be serviced that
LoRa shipments at a distance of 1 km from south the LoRa
gateway get a delay in the "very good" category according to
TIPHON  (Telecommunications and Internet Protocol
Harmonization Over Networks).

Delay
South ++

0,0180
0,0160
0,0140
— 0,0120
£
> 0,0100

] .
o 0.0080

2 0,0060

0,0040
0,0020
10,0000
1 5 9131721252933374145495357616569737781858993
DATA

Fig.13. Delay in South Plus Distance 2.5 km

Figure 11 is the result of the delay at 2,5 km from the device
to the LoRa gateway. Data was sent for 30 minutes and got an
average delay of 9.6 ms. As can be seen in Table IV, this score
falls into the "very good" category. So it can be serviced that
LoRa shipments at a distance of 1 km from west the LoRa
gateway get a delay in the "very good" category according to
TIPHON (Telecommunications and Internet Protocol
Harmonization Over Networks).
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From the three average delays that have been obtained, all the
average delay results fall into the "very good" category
according to TIPHON. When further analyzed of the three
values, it shows that the farther the delivery distance from the
LoRa gateway, the lower the quality of the resulting delay and
the closer the data transmission from the LoRa gateway will
increase the quality of the resulting delay.

H. Packet Loss Testing

Packet Loss is a parameter that describes a condition that shows
the total number of packets lost, which can occur due to
collisions and congestion in the network. If the packet fails to
be sent, the packet will not be sent back, or in other words, the
packet is lost [27]. The formula for determining Packet Loss and
Packet Loss categories is based on TIPHON.

Number of packages sent — Number of packages received
X 100%

Number of packages sent

4)

Table V
Packet Loss Category by TIPHON

Category Packet Loss
Value (%)
Very Good 0
Good 3
Medium 15
Poor 25

The packet loss test is divided into 6 locations. different, 1
location is 0 km, 4 locations are 1 km away, 1 location is 2.5
km. This test is done to find out how many failed packets sent
to Antares. In this study, data transmission was carried out in 18
seconds once for 30 minutes. This means that the amount of data
to be sent to Antares is 100. The following is the packet loss test
table for each parameter.

Table V
Packet Loss Testing
Packet
Category  Distance Received Value Category
(km)
LoRa BTS 0 98 2 Very Good
East 1 94 6 Good
West 1 95 5 Good
North 1 95 5 Good
South 1 96 4 Good
South ++ 2.5 93 7 Good

As shown in Table V for the number of packets received and
the packet loss value along with the categories according to
TIPHON. It can be concluded that for packet loss value, the
farther the location from BTS LoRa, the packet loss quality
decreases. Even though the distance between 4 locations is the

same as 1 km, it also has different values because of the different
RSSI values. The average packet loss at a distance of 1 km is
5%.

1. SNR

Signal Noise Ratio (SNR) is a data packet received from a
sender whose signal is disturbed by noise interference. The SNR
value represents the noise disturbance during the data
transmission process on the data quality. The greater the SNR
value, the better the received data quality [28]. The following is
the formula for getting the SNR value.

SNR (dB) = 10 log 10 (S/N) (5)

The packet loss test is divided into 6 locations. different, 1
location is 0 km, 4 locations are 1 km away, 1 location is 2.5
km. in this study using the spreading factor 10 and minimum
SNR value is -12.5 dB. The following is a graph of the results
of the SNR measurement that has been carried out:

SNR
LoRa BTS

Fig.14. SNR in Distance 0 km

Figure 14 is the result of the SNR at 0 km from the device
to the LoRa gateway. Data was sent for 30 minutes and got an
average SNR of 8.9 dB. This score pass the minimum value to
use a spread factor of 10. So it can be serviced that LoRa
shipments at a distance of 0 km from the LoRa gateway get a
SNR value that is suitable for the use of the spreading factor 10.
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Fig.15. SNR in East Distance 1 km

Figure 15 is the result of the SNR at East 1 km from the
device to the LoRa gateway. Data was sent for 30 minutes and
got an average SNR of -4.22 dB. This score pass the minimum
value to use a spread factor of 10. So it can be serviced that
LoRa shipments at East distance of 1 km from the LoRa
gateway get a SNR value that is suitable for the use of the
spreading factor 10.
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Fig.16. SNR in West Distance 1 km

Figure 16 is the result of the SNR at West 1 km from the
device to the LoRa gateway. Data was sent for 30 minutes and
got an average SNR of -0.6 dB. This score pass the minimum
value to use a spread factor of 10. So it can be serviced that
LoRa shipments at West distance of 1 km from the LoRa
gateway get a SNR value that is suitable for the use of the
spreading factor 10.
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Fig.17. SNR in North Distance 1 km

Figure 17 is the result of the SNR at North 1 km from the
device to the LoRa gateway. Data was sent for 30 minutes and
got an average SNR of 0.44 dB. This score pass the minimum
value to use a spread factor of 10. So it can be serviced that
LoRa shipments at North distance of 1 km from the LoRa
gateway get a SNR value that is suitable for the use of the
spreading factor 10.
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Fig.18. SNR in South Distance 2.5 km

Figure 18 is the result of the SNR at South 1 km from the
device to the LoRa gateway. Data was sent for 30 minutes and
got an average SNR of 1.66 dB. This score pass the minimum
value to use a spread factor of 10. So it can be serviced that
LoRa shipments at South distance of 1 km from the LoRa
gateway get a SNR value that is suitable for the use of the
spreading factor 10.
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Fig.19. SNR in South Plus Distance 2.5 km

Figure 19 is the result of the SNR at South Plus 1 km from
the device to the LoRa gateway. Data was sent for 30 minutes
and got an average SNR of -5.88 dB. This score pass the
minimum value to use a spread factor of 10. So it can be serviced
that LoRa shipments at South Plus distance of 1 km from the
LoRa gateway get a SNR value that is suitable for the use of the
spreading factor 10.

From the three average SNR that have been obtained, all the
average SNR results pass the minimum value to use a spread
factor of 10. When further analyzed of the three values, it shows
that the farther the delivery distance from the LoRa gateway, the
lower the quality of the resulting SNR and the closer the data
transmission from the LoRa gateway will increase the quality of
the resulting SNR.

J. RSSI

Received Signal Strength Indicator (RSSI) is a parameter to
measure the signal strength indicator received by the device.
The RSSI value depends on the distance and barrier conditions,
the farther and more obstacles the RSSI value will decrease. The
maximum value of the RSSI is -120 dBm [28]. The formula for
determining the RSSI value is:

RSSI (dBm) = TXPower (dBm) + TXGain (dBi)
—FreeSpacePathLoss + RxGain (dBi) 5)

The formula for finding Free Space Path Loss:
FSPL (dB) = 20log10 (d) + 20log (f) + k (6)

Information:

1. TX Power = transmit power at the transmitting antenna.
2. TX Gain = Gain on the transmitting antenna.

3. RX Gain = Gain on the receiving antenna.

4. d = distance between sender and receiver (km).

5. f=frequency (MHz).

6. K =32.44[28].

RSSI is a parameter to measure the signal strength indicator
received. The RSSI value depends on the distance and barrier
conditions, the farther and more obstacles the RSSI value will
decrease. The maximum RSSI value is -120 dBm.

RSSI
LoRa BTS
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Fig.20. RSSIin 0 km
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RSSI results at the LoRa BTS location are 0 km from the
LoRa BTS and get an average RSSI of -68.89 dBm and are still
below the maximum RSSI value.

Fig.21. RSSI in East Distance 1 km

RSSI results at the East location are 1 km from the LoRa BTS
and get an average RSSI of -105,18 dBm and are still below the
maximum RSSI value.

Fig.22. RSSI'in West Distance 1 km

RSSI results at the West location are 1 km from the LoRa
BTS and get an average RSSI of -102,88 dBm and are still
below the maximum RSSI value.
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Fig.23. RSSI in North Distance 1 km

RSSI results at the North location are 1 km from the LoRa
BTS and get an average RSSI of -103,57 dBm and are still
below the maximum RSSI value.
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Fig.24. RSSI in South Distance 1 km

RSSI results at the South location are 1 km from the LoRa
BTS and get an average RSSI of -101,62 dBm and are still
below the maximum RSSI value.
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Fig.25. RSSI in South Plus Distance 2.5 km

RSSI results at the South Plus location are 2.5 km from the
LoRa BTS and get an average RSSI of -103,31dBm and are still
below the maximum RSSI value.

If further analysis of the six values, it can be seen that the
farther the transmission distance from LoRa BTS, the lower the
quality of the resulting RSSI and the closer the delivery distance
from LoRa BTS will improve the quality of the resulting RSSI.

CONCLUSION

We conclude that the total functionality of the system and the
device is functioning properly. The fertilization and reading of
the value go according to the parameters. To test the quality of
network delay, packet loss, SNR, and RSSI at 1 location 0 km,
4 locations 1 km, 1 location 2.5 km from BTS LoRa. For delay
and packet loss, the average is included in the excellent category
according to TIPHON. For SNR and RSSI all results meet the
parameters. So it can be concluded if the parameter selection is
suitable for this test and it can be concluded that the farther the
transmission distance from BTS LoRa is followed by a decrease
in network quality.
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