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Abstract: The high consumption followed by low production
makes the government have to import garlic to meet domestic needs
every year. To help increase garlic yields, a system designed to
facilitate the process of measuring Nitrogen (N), Phosphorus (P),
Potassium (K) content on plantation land in real-time using NPK
sensor and nodemcu as microcontrollers and provide the
connectivity of real-time information using mesh topology. This
system is an Internet of Things (10T) based network, where internet
connectivity is used to exchange information with each other with
the objects around it. The result of the design of this system is a
device to measure each element of N, P, and K as well as fertility
status based on NPK values that have been obtained. And, with the
10T feature and mesh topology built in this device, the measurement
data and whether or not the device works can be monitored easily
through an android application that has been made on a smartphone.
The mesh topology that built in this device is using painlessmesh
library where the network built on the system is a true ad-hoc
network, meaning that no-planning or central controller is required.
We conclude that the accuracy of the measurement data compared
to the NPK meter analog (Doctor Plant) is above 90%. Based on the
durability test of the device and the system using Xiaomi's power
bank of 5000mAh, the device and the system work well for 30
hours without any problems. Moreover, the accuracy of the data
measured and uploaded to the database is no error with a 100%
compatibility rate.
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1. Introduction

GARLIC is an important food commodity for the
community. However, national garlic always has a deficit
[1]. The high consumption followed by low production
makes the government have to import garlic to meet
domestic needs every year. The main nutrients needed for
garlic in fertilization are N, P, and K in the form of N, P205,
and K20. Other nutrient elements can be fulfilled by
providing manure. The device to measure the NPK value in
the market at an affordable price is the Doctor Plant
Fertilizer, where this tool can be used to measure the acidity
(pH) of the soil and the level of soil fertility which is
categorized into 3 classes, namely too little, ideal, and too
much. Therefore, to make it easier to see user-friendly
measurement results, a device is designed to display the
measurement results of NPK elements in the form of digital
values and can be monitored remotely in real time.

To get a value with high accuracy, data collection for
mapping requires calibration of sensors with existing
devices. In the application of real-time remote monitoring,
0T network technology is used with firebase intermediaries

to store data from devices. As a future development, LoRa
technology becomes a very good alternative for this system.
Internet of thins is a disruptive paradigm that brings waves of
internet evolution by extending communication between
types of smart objects, and enabling the integration of
heterogeneous technology [2]. The Internet of Things (l1oT)
is a concept where internet connectivity can exchange
information with each other with objects around it [3]. With
this 10T concept, it will be easier for users to monitor a
situation or condition in real-time from anywhere and
anytime. In the previous studies regarding the measurement
of soil nutrients, research was carried out on rice fields in the
lowlands.

2. Background

Data from the Ministry of Agriculture noted that
consumption of garlic in 2016 reached 465.1 thousand tons
while production was only around 21.15 tons, resulting in a
deficit of 443.95 thousand tons. In 2017, garlic consumption
is estimated to reach 482.19 thousand tons while production
is only 20.46 thousand tons resulting in a deficit of 461.74
thousand tons. Based on data from the Ministry of
Agriculture, garlic land area in 2016 was only recorded at
2,407 hectares or 0.4 percent of the total horticultural
product area of 608.34 thousand hectares [1]. This fact is
caused by various things, one of which is the quality of local
garlic produced is still inferior to imported garlic. Local
garlic produced tends to be smaller, so it is less attractive to
consumers. Therefore, horticultural farmers tend not to
choose garlic. One of the efforts to make garlic production
and supply to the market stable every month requires an
effort to intensify garlic planting in both the medium and
highlands, where plants and their production are very diverse
[5]. Meanwhile, efforts to increase yields are not only done
through the provision of an organic fertilizers or artificial
fertilizers, but also organic fertilizers that can improve soil
physical properties [6], soil chemical properties and soil
biological properties, as a cation buffer, extracting minerals
by humic acid increases cation exchange, stimulates the
growth of soil microorganisms and can provide elements of
N, P, K and the effect of Potassium fertilizer was seen
directly on the quality of garlic tubers (hardness and not
easily broken) [7]. Based on the above, to help improve the
quality and quantity of garlic yields, this final project
designed an loT-based sensor system that functions to
measure levels of nitrogen (N), phosphorus (P), potassium
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(K) contained in soil so that fertilization can be done more
efficiently. This system was designed based on a plantation
survey in Solo, Central Java, Indonesia. Smart agriculture
can effectively monitor plant growth, meanwhile, the use of
sensors or assistance for water irrigation and its distribution
can help reduce labor costs [8].

3. Methodology

In this research, there are several methods that used by
authors to support the research include system design, block
diagram, inverting amplifier, analog to digital conversion,
map() functions, tools and components, schematic and
fritzing design.

A.System Design

In general, the soil nutrient measurement system for garlic
will be divided into three parts design. First, hardware
design, is hardware design that will be implemented on a soil
nutrient measurement prototype. The hardware in this system
will be embedded in each node that has been determined on
the plantation land. Second, network design, is the design of
communication networks between hardware and user device
and also communication between NodeMCU. In this network
design, the topology used is mesh topology. Third, software
design, software designed is an android application that is
used to display the measurement data that are stored in
Firebase.

Firebase

Figure 1. System Design and Topology

B. Garlic Fertilization Recommendation

The recommended dose of chemical fertilizer per hectare for
garlic is 200 kg N, 180 kg P205, 60 kg K20 and 142 kg S.
Nitrogen fertilizer is applied 3 times during the growth of
garlic, namely when planting, when forming shoots (15-30
days after planting) and when forming tubers (30-45 HST).
Phosphorus and potassium fertilizers are given as basic
fertilizer together with manure at planting time [9].
Phosphorus promotes root and growth and Potassium
promotes flowering [10].

C. Kg/Ha to parts per-million (ppm) Conversion

The recommended dose of chemical fertilizer per hectare for
garlic is 200 kg N, 180 kg P205, 60 kg K20 and 142 kg S.
To convert from kg/ha to "part per million" (ppm) requires
values for the soil bulk density (in kg/m3) and the depth of
the soil layer sampled (in meters) [11]. The following results
in Table 1 are rules of thumb for mineral soils that assume
soil bulk density is 1000 kg/m3.

If sample depth was 0.15m (15cm or 6inch), the formula is:
Value in kg=ha = value in ppm x 1:5(1)

Rationale:
Value inkg / ha =

—2-) x (1000 Z£) x (0.15m 10“%) 1)

value in ppm X
10 mg
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Example: 50 ppm N = approx: 75 (kg N) / Ha Nitrogen
fertilizer is applied 3 times during the growth of garlic.

Table. 1 Garlic Fertilization Parameter

Sample
N Ppm (kg/ha : Sample
Fertilizer | 1Ha (Drr?g)th Depth (m)) [15], [17]
N 200 kg 133ppm
P205 180 kg 1,5m 120ppm
K20 60 kg 40ppm

D. Non-inverting Amplifier
In general, the soil nutrient measurement system for garlic
will be divided into three parts design. First, hardware
design, is hardware design that will be implemented on this
research uses 1IC UA741CP which is needed to implement
non-inverting amplifier on the system [13]. Non-inverting
amplifier is the operational amplifier in which the output is
in phase with input signal [14].

Z;igRi

Figure 2. System Design and Non-inverting Op-Amp Circuit
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The reinforcement formula of the non inverting circuit is
obtained from the following equation: where,

lin = Input current Ampere
If = Feedback current (Ampere)
Rin = Resistor input (Ohm)

Rf = Feedback Resistor (Ohm)
Vin = Input Voltage (Volt)
Vout = Output Voltage (Volt)

E. Analog to Digital Conversion in NodeMCU

The main purpose of Analog to Digital Conversion (ADC) is
to interface NPK analog sensor with the NodeMCU. For
enabling this ADC feature, use the function analogRead () in
IDE skecth. Node NodeMCU has 10-bit (210) ADC.
Whatever analog value from 0 — 3.3V it reads it converts in
the range from 0 to 1023 in digital [15]. For the ADC
interfacing, the output from the sensor is connected to the
analog pin A0 NodeMCU which has 0 — 3.3V voltage range,
read the ADC value and display it to the serial monitor.
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F. Map() Function

After pin a0 converts adc, the value obtained will be
processed in the map () function. In this function, the adc
value will be grouped based on the number of classes entered
[16]. After getting the class, then the value of nitrogen,
phosphorus and potassium from each class will be
determined using the map function process as well.

int vagl = analogRead(A0);
Serial.printin(vaqgl);

int val = map(vaqgl, 0, 1023, 1, 300);
int N = map(val, 51, 201, 51, 200);
int P = map(val, 51, 201, 5, 14);

int K = map(val, 51, 201, 51, 200);

G. Painlessmesh

PainlessMesh is a library that takes care of the particulars of
creating a simple mesh network using a star topology,
avoiding any circular paths [17].

H. Delay

Delay or latency or round trip, is the time needed for a
packet sent from a computer to the destination computer.
Delay in a packet transmission process in a computer
network is caused by a long queue, or taking another route to
avoid traffic jams. to find the delay in the packet transmitted
by dividing between packet lengths (bit units) divided by
link bandwidth (unit bit / s) [18].

. Throughput

Throughput measurement is the number of bits or packets of
a data unit that is received correctly by the receiver [18].
Throughput = ? ®)
P
Pr = Package received (package)
Lp = Duration of packet sending via channel

Example: Throughput = 2157 / 2100 = 0.972

J. Jitter
Jitter is very closely related to delay. jitter caused by
different packet travel paths. From the results of

measurements that have been made can be seen, that the
change in jitter at two points, name at 80 kbps and 64 kbps
bitrate changes significantly, compared to other bitrate
changes. This is caused by the path of different packets or
because of collisions on the network [ 21].

K. Packet Lost

Lost packet measurement is the number of packets lost
during the transmission process to the destination. Packets
disappear when one or more data packets that pass through a
network fail to reach their destination [18].

Packet Lost = ;—‘* x 100 % (6)
i

Where :

Pd = Package that experienced a drop (package)
Ps = Package sent (package)

T = Simulation time (seconds)

t = Sampling time (seconds)

Example: Packet lost = 60 / 2175 x 100 = 2.8 %
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4. System Configuration

A. Painlessmesh Data Parsing in System

Exchange of measurement data information on painless mesh
that is built using parsing methods, namely the breakdown of
data to be processed or sent to another node. This is done to
avoid data irregularities and facilitate checking of data
received from other nodes. Data parsed on this system are
the values of each element N, P, and K, fertility status, and
node id number.

B. Tools and Components

In this research, several tools and components are required to
build this system as shown in the following table.

Table 2. Tools and Components

No. Name Function Qty.
1. NodeMCU As system 4
microcontroller
To measure soil’s
2. NPK Sensor NPK 4
3 IC UA741CP As non-inverting 4
' and It’s Socket amplifier I1C
4, Resistor 10k Ohm As Rinand Rt 8
5. Resistor 1k Ohm To make circuit 8
ground
6. | LCD16x2I12C To display the 4
information
As power supply for
7. P Bank 4
owerban NodeMCU
8 Battery 9V and It’s | As power supply for 4
' Box non-inverting circuit
9. Box Casing X4 As a casing for the 4
hardware
To build circuit for
10. PCB the system and 4
NodeMCU shield

C. Schematic and Fritzing Design

The system device consists of several components and
circuits as a compiler to be able to work in accordance with
the design, the components and circuits used in this device
are as shown in the following figure.
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Figure 3. Schematic Circuit System

Figure 4. Fritzing Design System

Figure 3 and Figure. 4 consist of NPK sensors, non-inverting
amplifier, NodeMCU and 16 x 2 12C LCD. This circuit
works by getting commands from NodeMCU. NodeMCU
gets a power supply from a power bank of 5V, a power
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supply from NodeMCU is used to perform the 16 x 2 12C
LCD function, while a non-inverting amplifier circuit uses a
9v battery power supply.

Sequentially, the device works starting from the NPK sensor
which measures the voltage produced by the combination of
NPK [19] in the garlic soil, is amplified by a non-inverting
amplifier, the reinforcement results are received by the AO
NodeMCU pin and then displayed on a 16 x 2 12C LCD
screen in the form of the elemental value of each Nitrogen,
Phosphorus, and Potassium.

5. Results and discussion

This chapter describes the results of testing the systems and
devices that have been designed. From these testing
parameters it can be seen the level of reliability of the
performance of the system and devices. Before conducting
the test, several soil garlic samples were prepared with
different fertilizer levels. The wifi network must be in good
condition and the power supply meets the system
requirements.
Table 3. specifications of The Hardware

Dimensions 125cmx85cmx5cm

Microcontroller NodeMCU ESP8266

Display LCD 16x2 12C

IC UA741CP

Power Supply Power Bank 5V 1A for
NodeMCU, Battery 9V
for non-inverting circuit

Interface Android application,
Firebase.com
Software: Arduino IDE,
Android Studio

Database Firebase Realtime
Database

NPK Sensor Doctor Plant (Modified)

10T NPK METER DIGITAL

Node Pengirim : 1

PERANGKAT 3

PERANGKAT 4

f

Figure 5. System Device

The casing of the device uses black acrylic plastic which is
then modified in such a way as to adjust the circuit inside.
At the front, the casing has a rectangular shaped hole
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measuring 7 cm x 2.5 cm which is used as an LCD holder,
a hole in the top for the USB cable from the power bank, a
hole in the back for the placement of a Spicer from the
PCB, and a hole in the section below for NPK sensor
placement. Inside, there are PCB for the non-inverting
amplifier circuit and NodeMCU shield, NPK sensor PCB,
and 9v battery with it’s box. This device uses a PCB and
jumper cable to connect the path between components as in
Figure 5.

Figure 6. System Application Interface

In applications that is installed on the user's smartphone, the
measurement results data displayed has the format as shown
in Figure 6. In the upper left corner, there is a sender node
label that has the value of the NodeMCU identity that acts as
the sender of the measured data to Firebase. In the middle,
there are 4 tables that are used to display data taken from
Firebase. The data displayed is the last data from each node
that goes to Firebase. Application calling the data from
firebase using ‘get.references’ according to the variable of
the data [20]. This application is designed using Android
Studio with Java [21].

A. Testing in Garlic Soils

From several tests, it can be seen that the pure soil which is
used as a sample is already in an ideal condition. and with
the addition of fertilizer content of 1g, affecting ppm of
about 20ppm.

Table 4. Results of Garlic Soil Measurement

Soil N P K Status
No fertilizer 144pp Ideal
m 10ppm | 144ppm
N and K
fertilizer 166pp Ideal
(1gram) m 11ppm | 168ppm
N and K Too
fertilizer 200pp
(3gram) m 14ppm | 200ppm Much
N, P, K
fertilizer 168pp Ideal
(3gram) m 11ppm | 168ppm
N, P, K Too
fertilizer 200pp
(2gram) m 14ppm | 200ppm Much
. Too
Road Soil 24ppm | lppm 24ppm Little

B. Firebase Test

After the device gets the NPK level measurement data, the
data is then uploaded to the real-time database on Firebase.
In Figure 7 it can be seen that the measurement results
uploaded to Firebase also include the time and date of
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measurement. This is needed to make history from the data
obtained. This is what is called a real-time database [9].

=- Device

Phos 1 2 '
Status:
= - history
o 2 019
Kalium
Nitrogen: “S8ppm
Phosphorous )
Sta
= - history
--. 25-07-2019
0 0928
a 09291
Q- 09:30:1¢

Kalium
Nitrogen Jpon
- Phosphorous 4

Figure 7. Data Stored in Firebase

C. Delay and Accuracy Testing

This test is conducted to determine the delay and accuracy of
data sent from the device to the database via the internet
using the Indihome WiFi network. If the delay obtained
during normal network conditions (no interference) is not too
large, then this system can meet the requirements to be
implemented in the Garlic plantation.

Table 5. Device to Firebase Delay and Accuracy
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K: “24ppm” K: “24ppm”
Status: Status: “TOO
“TOO LITTLE”
LITTLE”
N:“24ppr$1 N: “24ppm”
P: “lppm « »
K: “24ppm” P: “Ippm
6 0 : .pp K: “24ppm”
Status: “
» Status: “TOO
TOO LITTLE”
LITTLE”
N:“24ppr,‘£1 N: “24ppm”
P: “Ippm « »
K: “24ppm” P: “lppm
7 0 ; Ipp K: “24ppm”
Status: «
w Status: “TOO
TOO LITTLE”
LITTLE”
N:“24ppr$1 N: “24ppm”
P: 1ppm T3 )
K: “24ppm” P: “Ippm
8 2 S K: “24ppm”
Status: «
i Status: “TOO
TOO LITTLE”
LITTLE”
N:“24ppr:1 N: “24ppm”
P: “Ippm « »
K: “24ppm” P: “Ippm
9 5 ; .pp K: “24ppm”
Status: “
» Status: “TOO
TOO LITTLE”
LITTLE”
Avg.
Delay (5) 2,35

Dela Upload Firebase Received
No
y (s)
N:“24pp1,1,1 N: “24ppm”
P: “lppm « »
K: “24pnm” P: “lppm
1 0 St.atUS'pp K: “24ppm”
« ) Status: “TOO
TOO LITTLE”
LITTLE”
N:“24ppr,1’1 N: “24ppm”
P: “lppm « »
K: “24ppm” P: “lppm
2 6 : .p P K: “24ppm”
Status: «
« Status: “TOO
TOO LITTLE”
LITTLE”
N:“24ppr$1 N: “24ppm”
P: 1ppm « 2
K: “24pnm’” P: “lppm
3 7 ’ .pp K: “24ppm”
Status: «
« Status: “TOO
TOO LITTLE”
LITTLE”
N:“ 24ppr’{1 N: “24ppm”
P: “1ppm « »
K: “24 " P: “lppm
4 0 ’ _p pm K: “24ppm”
Status: -
« Status: “TOO
TOO LITTLE”
LITTLE”
5 1 N: “24ppm” N: “24ppm”
P: Cklppm,’ P: $£1ppm9’

From the testing delay and accuracy of data in Table 4 it can
be concluded that the average time required to upload data to
the database is 2.3 seconds and the level of data accuracy is
100%. Thus the system has a fairly small delay and the exact
data accuracy as desired in the design.

D. Durability Duration Testing
Table 6. Device Durability with 5000mAh Power Bank

Every Two Status
Hours
0 Works well
2 Works well
4 Works well
6 Works well
8 Works well
10 Works well
12 Works well
14 Works well
16 Works well
18 Works well
20 Works well
22 Works well
24 Works well
26 Works well
28 Works well
30 Works well

Based on Table 6, it can be concluded that the device and
server worked well for 30 hours without any problems with
the 5000mAh power supply from Xiaomi’s power bank. This
happens because the server in Firebase does not occur
interruptions or maintenance and the internet network used
on the device does not disconnect or RTO. This factor is due
to the server used is Firebase where this server is a
subsidiary of a large company namely Google. As well as the
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internet network used on the device is a WiFi network from

the Indihome provider with speeds of up to 10 Mbps.
E. Painlessmesh Works in System

The mesh topology built on this system uses the
painlessmesh library, where the mesh topology is a local
network by utilizing the STA + AP (Station + Access
Point) mode function of the ESP8266 NodeMCU [17].
With this function, each node of the system acts as a client
and AP at the same time.The concept of painless mesh built
on the system is that all nodes are connected to each other
and exchange measurement data information using the
local network created through a program sketch uploaded
to NodeMCU. Each node has a different level. This level
difference is to determine which node will act as the sender
of the final data to Firebase. This is needed to minimize
traffic and excessive use of IP.

In PainlessMesh, when a node wants to connect to an
internet network via WiFi, then the node must detach from
the mesh network first. This is because in this Painless
Mesh library the AP mode function has been used to
connect the node to the topology network, so it must break
away from the mesh network and then switch connections
to the WiFi internet network. Each node has its own delay
based on the node level in the sketch uploaded to the
NodeMCU microcontroller. Delays at each node have a
difference of 20 seconds between node levels to allow time
to re-initialize and reconnect to the mesh network after
breaking free to send data to Firebase.

F. Data Sending in System with Painlessmesh

Exchange of measurement data information on the stainless
mesh is done every 5 seconds, while for sending data to
Firebase is done every 30 seconds for node 1 and the next 20
seconds for the next node. For the time of release from the
mesh network and the process of connecting to the internet
network takes about 10-20 seconds. Time fluctuates based on
the strength of the WiFi network signal used by the node to
send data to firebase. In the android application there is a
date and time display of the last updated data to find out if
there are nodes that are disconnected from the system and no
longer send data to firebase.

G. NodeMCU versus Zigbee in System

In this research, 2 types of devices were made. first use
NodeMCU ESP8266 as a microcontroller and a link to the
internet. the second uses the Xbee S2C Zigbee as a
connecting device to the internet and Arduino Uno as a
microcontroller [22]. The following is the main comparison
Table 7.

Table 7. NodeMCU and Zigbee Comparison at System

H. ESP8266 NodeMCU Distance Testing

This test is conducted to determine the maximum distance
NodeMCU can connect to Indihome WiFi networks.
NodeMCU is said to not be connected to WiFi if the
measurement data is not uploaded to Firebase.

Table 8. ESP8266 NodeMCU Distance Testing Result

Distance from AP
Status

(m)

5m Data Successfully Sent to Firebase
10m Data Successfully Sent to Firebase
15m Data Successfully Sent to Firebase
20m Data Successfully Sent to Firebase
25m Disconnect from WiFi

For actual implementation, it’s better to use ESP-07 with
an external antenna or LoRa NodeMCU for a wider range
and MiFi as a connectivity provider. LoRa is best
alternative choice. The LoRa network can connect and link
tens of thousands of nodes [25]. So that, even in large
plantations, IOT can still be implemented to the system.

I. Comparison with Analog NPK Meter

The device for measuring the element of soil NPK is the
result of the development of a device that is already in
analog form. Here is a table comparing the results of devices
that have been made with existing tools to determine the
level of accuracy of the measurement of the tools that have
been made.

Table 9. The Comparison Result

Measurement Results of NPK Meter
lIoT Digital Analog
Sample
ppm Nilai
Status | Range
N P K Index
1 82| 5 82 Ideal Ideal 2
16
2 8 11 | 168 Ideal Ideal 3
20 Too Too
3 14 | 200 >6
0 Much Much

Stand-alone Using PC’s serial to connect

Using XCTU to write and read

Using IDE Program [13]

Using Painlessmesh Library | 1 as Coordinator, the others as
to build Mesh Topology at Router to build Mesh Topology at

system system

Can act as microcontroller Need Microcontroller and
and WiFi Module compatible shield [13]
Using http protocol to Using Python to upload and

upload and update data to update data to firebase [14]
firebase [1]

NPK Analog Meter (Doctor Plant) has 3 fertility ranges,
namely too little, ideal, and too much. Too little is between
the index value 0-1, ideal between> 1 - 4, and too much
between >4 - 6. From Table 8, it can be seen that the
measurement results of the device made already have a fairly
high degree of accuracy compared to the tool npk analog
meter that already exists.

6. Conclusion

We conclude that the accuracy of the measurement data
compared to the NPK meter analog (Doctor Plant) is above
90Based on the durability test of the device and the system
using Xiaomi’s power bank of 5000mAh, the device and the
system work well for 30 hours without any problems.
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Moreover, the accuracy of the data measured and uploaded
to the database is no error with a 100 % compatibility rate.
The delay needed to upload data from the device to the
database is 2.3 seconds using the Indihome internet provider
network. The maximum distance of WiFi NodeMCU to stay
connected to the Access Point (Indihome) is 20 meters away
from the Access Point.
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