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Abstract

Lorawan network is ideal for IoT devices that continuously monitor a device and provide infor-
mation to the gateway if the monitored data is outside the permitted threshold. These devices only
require a small bandwidth and are therefore capable of operating on batteries for a long period
of time. This study evaluates the design of a tool to measure soil nutrients with parameters of
Nitrogen (N), Phosphorus (P), Potassium (K) using NPK sensors and IoT-based systems. The
microcontroller used is ESP 32 which is connected to two types of networks. And will be integrated
by Antares and the Android app. The purpose of making two types of networks in order to obtain
data for analysis or development of the next tool. The result of designing this system is to create a
device that can help farmers or the community in the process of measuring nitrogen, phosphorus,
and potassium levels directly through the Android application so that soil control and fertilization
can be more effective moreover yields can be maximized.

Keywords: Antares, ESP, lora, NPK sensor.
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1 Introduction
Indonesia is a country that has a vast wealth with a nickname of an agricultural country [23].

Extensive land and forests, makes the majority of the community depend on the agricultural industry.
Almost all types of plants can be grown in this tropical country [4]. No wonder many other countries
cooperate in import and export activities of plant and plant products. However, over time the agricul-
tural sector has experienced quite complex challenges [15]. If you pay attention to the existing reality,
the availability of land is decreasing. This is based on the number of infrastructure, housing projects,
or shopping center. These problems bring out new ideas or new innovations that allow planting crops
without a large enough land. For examples, hydroponics, aquaponics, and other agricultural. In addi-
tion, there are many other challenges, namely declining crop productivity, limited human resources in
the agricultural sector and inadequate technology [17]. If one considers the thing that makes human
resources limited in the agricultural sector is the lack of interest in youth working in agriculture. For
millennials, the profession in agriculture is synonymous with rough, dirty work [31]. While millennials
are very familiar with digital gadgets and technology. Therefore technology is very important for the
development of the agricultural sector such as communication system [20]. Technology is needed to
help the agricultural sector [26], [28]. Not only expanding the interest in human resources, but also
helping to make work in the field of farming easier and yielding good crops [6], especially spinach.
Spinach is a type of vegetable that is easily found around the community [13]. Because the need for
spinach tends to increase, spinach cultivation is very widespread, so it’s no wonder that spinach is
also a source of livelihood for most Indonesian farmers [11]. However, the problem experienced is that
not a few spinach vegetables can be harvested with unsatisfactory results. This is caused by a lack of
nutrients or the presence of pests that interfere with the growth process of spinach [34]. Therefore we
need a useful tool to help farmers to monitor and control spinach plants. Spinach is a vegetable that
contains many high nutrients. One of them is the content of vitamin C. The process of biosynthesis of
vitamin C is strongly influenced by photosynthesis and the reactions that accompany it. In addition,
nutrients are needed such as N, P, and K because they are related to photosynthesis [30]. This requires
an NPK sensor to see the nutrient levels of the plant itself [14]. In the underground to underground
communication, the received signal strength decreases with increases of horizontal inter-nodes distance
when the horizontal inter-nodes distance is larger than 600 cm, and the amplitude of reduction is 2
dBm to 3 dBm [32]. In addition, the tool must also have good performance to support data transfer
needs so that information can reach the user’s hands accurately, quickly, and efficiently. It can be
concluded from previous research that testing tools on lora data transmission has a packet loss of 61%.
This is one of the factors of unexpected efficiency [5]. Therefore, further analysis is needed regarding
the existing network connectivity. This tool uses lora as its network connectivity. So the analysis
focuses on the comparison of public lora and private lora.

2 Related Works
In previous studies focused on measuring soil nutrient levels in chili based on IoT conducted by

Barik [5], the results were quite good, namely the accuracy of the sensor results reached more than
90% when compared to analog NPK sensors. The data read on the sensor has 100% accuracy with
data sent and displayed on the Antares platform console. The results of the data transmission test
are shown in Table 4 shows that the radius distance can affect the RSSI and SNR quality, that the
first test at a distance of 700 meters has an average RSSI quality and SNR which is better than at a
distance of 3.47 kilometers [5]. Then, the next studies focused on soil substance measurement system
in strawberry based on IoT conducted by Perdana [18], the result that based on the test shows that
packet loss on the network is not too large, the overall functionality of the device works well, delay on
data transmission starting from uploading data from the device to the server until the average delay is
obtained in each condition is increasing due to the existing buffer on the server but the delay distance
is not too far. Based on previous research, the author has the willingness to develop tools with topics
that are expected to be helpful for further research.
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Figure 1: Flowchart System

Figure 1 shows the work of the entire system from start to finish. Starting from the sensor scanning
the nutrients until the measuring parameters can be displayed in the android application installed on
android.

2.1 NPK Sensor

Figure 2 shows that before determining the ADC (analog to digital converter) calibration is carried
out first to get the minimum and maximum voltage values from the NPK sensor [22], then the ESP
32 microcontroller has a 12-bit ADC which means 212 and is worth 4096, because it starts from 0 then
the ADC becomes 0-4095, and the ADC value is adjusted 0-4095.

2.2 NPK Design

Figure 3 shows the snippet of the stress mapping. This code has a very important role. Made
based on the datasheet and the existing microcontroller conditions [35].
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Figure 2: Flowchart Sensor

Figure 3: Snippet of the stress mapping

2.3 Scenario

This analysis is carried out by designing a soil nutrient measurement tool for spinach plants that
will be integrated by the internet [8]. This tool is attached to an npk sensor which is connected to the
ESP 32 as a microcontroller. The network used is lora which focuses on analyzing the performance
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of the network [29]. To get data, sensor data will be sent in the form of .json which passes through
the lora gateway and then forwarded through the backhaul network to be connected to the internet
[7]. And create a private network to compare data and is expected to produce analysis that can help
develop further IoT tools [2].

Figure 4: Scenario

2.4 Hardware

Table 1 describes the sensors and equipment for the device. There are 6 components that have
different functions. For the board the author uses ESP 32 LR 201. This microcontroller features a
built-in WiFi with dual-mode Bluetooth. Meanwhile, ANTARES LR-ESP201 is a Development Board
developed by Antares Telkom DDS IoT Platform based on ESP32 and has also embedded the RFM95
LoRa Transceiver module to transmit data via LoRa radio access to the Gateway which has been
integrated with the Antares platform [10]. All sensors or end nodes in this test use a series power
supply. A power supply is an electrical device that can provide electrical energy for electric power
or other electronic devices [16]. This study uses an NPK sensor, this sensor detects the presence of
nutrients such as (N), phosphorus (P) and metal elements (K) using a photoelectric sensor. Sensors
are needed to determine the proportion of other internal substances to be added to the soil to increase
the yield of these nutrients [3]. LCD antenna, DHT 11, YL-38 and LoRa have been arranged in an
acrylic box that the author has made.

Table 1: Hardware
No Hardware Function

1 Antares LR-ESP201 board Microcontroller as a whole system access
2 DHT 11 Digital temperature and humidity sensor
3 Sensor NPK Used to detect the NPK condition
4 LCD 20x4 To display the NPK condition
5 Shield antares To terminalize the cable on the device
6 Power Supply Energy source for the device

2.5 Software

To run a command requires software so that the tool is able to work as expected. Therefore
software is important [33]. Table 2 shows a list of software used to run the tool and shows the software
and platforms that can provide an interface from the database to the application.

The first software is Arduino IDE. Arduino IDE is software developed by Arduino and used to
create/write programs, then compiled and flashed to microcontroller chips, such as arduino, esp8266,
esp32 [25]. In addition, there is ANTARES (Application and Technology Platform as Your Trusted
Solution) which is a Horizontal IoT Platform developed by Telkom Media and Digital Apart from
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Table 2: Software
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 kodular Opensource platform to create android application

being flexible and free, Antares is also able to meet regulations related to data storage in Indonesia
that have been set by the Ministry of Communication and Information (Kominfo) [9]. The last one
is a website/app to design and build a fully working android based mobile app i.e. Kodular. Kodular
provides code blocks that are easy to use and set up. Kodular is widely used by users in application
design because of its simplicity. Kodular provides users with two separate editors. The first editor is
Designer. It is used to set on and off-screen components. The second editor is the Block Editor where
the user can logically program the behavior of the application by combining blocks [24].

3 Result and Discussion
In this chapter, the author explains how the results of the two gateway tests are carried out.

3.1 Integration Testing

Testing is done to find out whether the tool can work properly in accordance with the desired
function or not. Starting from the basic functions and feature functions of the related tools. Table 3
shows a table of integration testing:

Table 3: Device Testing
No Component Function

1 Microcontroller can transmit data in real time and execute commands from arduino ide Succeed
2 NPK sensor can detect and transmit the valueof each parameter Succeed
3 20x4 LCD can display ground status and variable parameters Succeed
4 DHT sensor can detect the ambient temperature Succeed
5 Battery power supply can supply the power needed by the tool Succeed
6 Public gateway can receive and send packets properly Succeed
7 Private gateway can receive and send packets well Succeed

3.2 NPK Sensor

The sensor used in this study is an analog type which is modified to become a digital signal. So,
it needs to be compared with the value on the microcontroller which is analog. Therefore, this test is
very necessary to get the accuracy of data from digital sensors compared to real data, namely analog.

The results of data collection from digital sensors are relatively the same as data taken from analog
sensors. It can be concluded that the test is successful and the data is close to the desired accuracy.

Table 4: Sensor Comparison
Comparison Data

Soil Sample NPK Sensor Digital NPK Sensor Analog Conclusion

N P K Status Status

Sand Beach 0 0 0 Poor Poor Succeed
Plant Soil 150 130 9 Ideal Ideal Succeed

Malang Sand 200 185 15 Too much Too much Succeed

Table 4 shows that the results of the three soil tests above can display relatively the same data.
Therefore, the level of data accuracy is the same and is declared successful.
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Figure 5: NPK Sensor

3.3 Plant Testing

Figure 6: Antares Data

Testing on plants is also necessary to help obtain accurate data. Therefore, the authors observed
plant growth with the subject of Brazilian spinach planted on ideal soil according to NPK measure-
ments. The results are quite satisfactory when mini can grow well for 3 weeks. Planting is done from
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seeds in the form of stems until they are well leafed.
Figure 6 shows a web view of receiving data on the Antares server. Incoming data to the Antares

server is relatively fast with a lag time of less than 1 second. Antares platform is good enough to
accommodate related IoT devices.

Figure 7: Application Data

From the android application can display data from Antares well. However, the time required
is relatively longer with a pause of 1 second. Given the data must pass through the Antares server
and then forward it to the android application. Then the data transfer takes longer because it goes
through 2 stages of data transfer.

3.4 Lora Private and Public Network Testing

This test was conducted to determine the performance of the two lora gateways and the quality
of the two lora networks. This test uses basic parameters such as packet loss, throughput, and delay
[36], [19]. Parameters are taken based on THIPON standard reference. The data taken in the form of
SNR, RSSI, and the time of sending and receiving data from the Antares server. The data is obtained
by opening the radio log file from the Antares database with the help of the admin from the Telkom
DDB office.

Figure 8 shows that data is obtained continuously, both private and public gateways can be received
simultaneously using one device. In further testing the authors took data from 3 different location
points. Both public and private gateways were in the Telkom DDB office. Data is taken in stages with
a time of 20 minutes for each location point.
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Figure 8: JSON

Figure 9: Data Capture Point
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Figure 9 shows that at point 1 is in the Telkom Gegerkalong area with a distance of 500 m from
the gateway, point 2 is at a Gacoan noodle restaurant with a distance of 1 Km from the gateway, point
3 is on Jl. dr. setiabudi with a distance of 1.5 Km from the gateway. Data retrieval at 3 points is
carried out sequentially with a time of 20 minutes and data is sent from the microcontroller every 30
seconds. Figure 10, 11, and 12 shows a graph analysis of the delay of the public and private gateways.

Figure 10: (a) Delay Public And (b) Private Gateway 500 m

Figure 10 shows that at a distance of 500 m at the Telkom Gegerkalong area, each gateway managed
to send 40 packets for 20 minutes. For the public gateway, the average delay is 0.0086 while the private
gateway is 0.0083 which is equivalent to 8.6 ms and 8.3 ms. Value is still quite good and at this point
the private gateway managed to outperform.

Figure 11: (a) Delay Public And (b) Private Gateway 1 km

Figure 11 shows that at a distance of 1 Km at the Mie Gacoan location, the public gateway
managed to send 38 packets and the private gateway managed to send 39 packets for 20 minutes. For
public gateways, the average delay is 0.0092 and for private gateways it is 0.0098 or equal to 9.2 ms
and 9.8 ms. At this point the public gateway is superior to the private gateway.

Figure 12 shows that at the third point with a distance of 1.5 Km on Jl. dr. setiabudi, the public
gateway can properly send 40 packets of data while the private gateway is 38 packets for 20 minutes.
For public gateways, the average delay is 0.016 and private is 0.013 or equivalent to 16 ms and 13 ms.
The delay is quite large due to distance factors and regional differences in terrain.

Figure 13 shows that it can be concluded that the smaller the delay, the better the network quality.
In this study the private gateway outperformed in 2 places. The delay generated by the private gateway
is better. At the second point the public gateway is slightly superior to the private. This research
is influenced by other factors that cause the above data to change according to the environmental
situation. Such as distance, regional terrain differences, etc.
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Figure 12: (a) Delay Public And (b) Private Gateway 1,5 km

Figure 13: Delay Average; dark color for public and light color for private

3.5 Throughput

Throughput is the effective data transfer rate in bps (bits per second) [21]. Throughput is also the
total packets that have been observed at the destination within a certain time interval divided by the
duration of the time interval. Equation 1 determine the throughput:

Throughput = DataPacketReceived

ObservationLength
(1)

In the throughput test, data retrieval is carried out for 20 minutes for each location. The micro-
controller sends data every 30 seconds. The number of packets received must be 40. It should be
noted that the greater the Throughput value, the better the network quality. Table 6 shows that the
packets received at the public gateway tend to be stable and the results are good.

Table 5: Throughput
Throughput Level

Number of Packets Received Throughput (Byte/s) Level Index

40 0.033 Very good 4
35 0.029 Good 3
30 0.025 Moderate 2
<20 0.016 Poor 1
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Table 6: Throughput Test
Location Received Packet Throughput Received Packet Throughput

(Public) (Byte/s) (Private) (Byte/s)

Telkom Gegerkalong (500 m) 40 0,033 40 0,033
Mie Gacoan (1 km) 38 0,031 39 0,032

Setiabudi Street (1 km) 40 0,033 38 0,031

Meanwhile, on a private gateway, the farther the distance, the less packets received. In the through-
put gateway public is superior to private.

3.6 Packet Loss

Packet loss is a parameter that describes a situation that shows the total number of lost packets
that may occur due to collisions and congestion on the network. Equation 2 determine the packet
loss:

PacketLoss = (DataPacketSent − DataPacketReceived) × 100%
DataPacketSent

(2)

Packet loss is a packet that is lost during data transmission. Packet loss testing was carried out
for 20 minutes. The microcontroller sends a packet every 30 seconds. This means that the number
of packets that must be received is 40 packets. It should be noted that the greater the percentage of
packet loss, the lower the quality of the network.

Table 7: Packet Loss Level
Amount of Packet Loss Level Index

0 Very good 4
3 Good 3
15 Moderate 2
25 Poor 1

Table 8: Packet Loss Test
Location Received Packet Throughput Received Packet Throughput

(Public) (Byte/s) (Private) (Byte/s)

Telkom Gegerkalong (500 m) 40 0 40 0
Mie Gacoan (1 km) 38 0,5 39 0,025

Setiabudi Street (1 km) 40 0 38 0,05

Table 8 shows that, it can be concluded that the public gateway has minimal packet loss compared
to the private gateway. The packet loss obtained by the private gateway depends on the distance
factor. The farther the data retrieval distance, the more packet loss is generated. Overall, the public
gateway is superior with a difference of 0.025 % from the private gateway.

3.7 SNR

SNR or signal-to-noise ratio is the ability of the signal to the noise intensity received by the user.
The smaller the SNR value, the smaller the power obtained by the user [10]. Equation 3 determines
the SNR (defined in dB):

SNR(dB) = 10log10

(
S

N

)
(3)

SNR testing was carried out to determine the quality of both networks. The test uses a bandwidth
of 125 kHz, code rate 4/5, frequency 922.2 Mhz, and spreading factor 10. Because the spreading factor
is 10, the SNR value can be said to match at least -12.5 dB. Please note that the greater the value of
the SNR, the better the network quality.
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Table 9: SNR
Signal Level to Noise Ratio

Spreading Factor Signal to Noise Ratio (dB) Spreading Factor Signal to Noise Ratio (dB)

7 -12 10 -12,5
8 -17,5 11 -10
9 -15 12 -7,7

Figure 14: (a) SNR Public And (b) Private Gateway 500 m

Figure 15: (a) SNR Public And (b) Private Gateway 1 km

Figure 16: (a) SNR Public And (b) Private Gateway 1,5 km

Figure 14 shows that the result of the SNR of the two networks. The average SNR at the public
gateway produces a value of 2.857 dB and at the private gateway is 6.74 dB. This means that both
gateways are included in the spreading factor of 10 because this value is more than -12.5 dB. It can
be concluded that both have very good SNR values. Private gateways outperform at this point.
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Figure 15 shows that, at the second point the average SNR at the public gateway produces a value
of 1.039 dB and at the private gateway it is 0.1 dB. This means that both gateways are included in the
spreading factor of 10 because the resulting value is more than the minimum value of -12.5 dB. It can
conclude both gateways have a very good value. And for this point the public gateway outperformed.

Figure 16 shows that at the third point the average SNR at the public gateway produces a value of
5.15 dB and at the private gateway it is 0.15 dB. This means that both gateways are included in the
spreading factor of 10 because the resulting value is more than the minimum value of -12.5 dB. It can
conclude both gateways have a very good value. And for this point the public gateway outperformed.

Figure 17: SNR Average; dark color for public and light color for private

Figure 17 shows that public gateways are superior to private gateways. For private gateways, the
farther the distance, the less the SNR value obtained.

3.8 RSSI

RSSI testing is performed to determine the quality of both networks [12]. The test uses a bandwidth
of 125 kHz, Code Rate 4/5, frequency 922.2 Mhz, and a spreading factor of 10. The RSSI value is
very dependent on environmental conditions and distance. The farther the distance and the barrier,
the RSSI value will decrease. Please note that the RSSI value is considered satisfactory if it is less
than -120 dBm.

Figure 18: (a) RSSI Public And (b) Private Gateway 500 m
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Figure 18 shows that at the first point the average RSSI at the public gateway produces a value
of -97.425 dBm and at the private gateway is -75 dBm. This means that both gateways have good
values because the resulting value is more than the minimum value of -120 dBm. It can conclude both
gateways have a very good value. And for this point the private gateway outperformed.

Figure 19: (a) RSSI Public And (b) Private Gateway 1 km

Figure 19 shows that at the second point the average RSSI on the public gateway produces a value
of -104.94 dBm and at the private gateway of -95.84 dBm. This means that both gateways have good
values because the resulting value is more than the minimum value of -120 dBm. It can conclude both
gateways have a very good value. And for this point the private gateway outperformed.

Figure 20: (a) RSSI Public And (b) Private Gateway 1,5 km

Figure 20 shows that at the first point the average RSSI at the public gateway produces a value
of -97.6 dBm and at the private gateway -92.71 dBm. This means that both gateways have good
values because the resulting value is more than the minimum value of -120 dBm. It can conclude both
gateways have a very good value. And for this point the private gateway outperformed.
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Figure 21: RSSI Average; dark color for public and light color for private

Figure 21 shows the average value of each test point. It can be concluded that the RSSI value
is very good from both gateways. This is because the test distance is relatively close. The largest
average value is at a distance of 500 m. If you look again, it can be concluded that the farther the
distance, the worse the RSSI quality obtained. The private gateway excelled at all test points.

4 Conclusion
It can be concluded that the public gateway has minimal packet loss compared to the private

gateway. The packet loss obtained by the private gateway depends on the distance factor. The farther
the data retrieval distance, the more packet loss is generated. Overall, the public gateway is superior
with a difference of 0.025 % from the private gateway. The conclusion from the comparison between
public and private gateways in terms of QoS (quality of service) is that public gateways are superior
when used at relatively far distances, while private gateways are superior when used at relatively close
distances. From this problem it can be concluded that the two gateways are quite effective when used
according to the right needs.
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