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Internet of Things (loT)-based
irrigation  control  system  was
designed, which uses the Firebase
RTDB as the application development
database and the Arduino Mega 2560
as the microcontroller. The system
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I INTRODUCTION
Drip irrigation is an efficient
method for providing water to plants,
particularly in areas with low rainfall or

precise control of water
ribution and can also mechanically treat
plants with organic fertilizer.  This
innovative system offers advantages over
traditional methods, particularly in terms of
water conservation and ease of use.

Conventional irrigation has
problems such as excessive water use and
inability to address
this, an 10T, tem was
designed control

the imple
is to obtai sed drip
irrigation
using RT
accessed

e that is

the network is observed
ghput and Delay.
arch Method

To get a good tool in terms of quality by
considering the QoS value and Error Value,
the design steps are described in Figure 1.1
and the explanation is as follows below.
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b. Data Collection, At this stage, the
process of collecting information data in
the form of performance, throughput and
delay is carried out and will be analyzed
later.

c. Performance and QoS Analysis, At this

from the

example
farming,
application
emitter drip

operating pressu
water only wets pa
2.4. RTDB Firebase

Google Firebase is a
service provider currently o
Firebase is a solution offered by
simplify the work of Mobile Apps
Developers. With Firebase, application
developers can focus on developing
applications without having to put a lot of
effort into backend matters. One of the
features owned by Google Firebase is the
Firebase Real Time Database which uses the

Java Script Object Notation or JSON format

which is the format used to store and

transfer data on the Firebase RTDB [7].

2.5. NodeMCU ESP8266

NodeMCU is a kit that functions to assist

in designing tools based on the Internet of

Things (1oT). NodeMCU was developed to

make it easier to operate APl (Application

Programming Interface) for 10 hardware.

Nod i i Arduino
ardware
so been
odule.

lleris a

which

hich 16

outputs, 16 analog

uts, and inside there are 16 MHZ crystal
oscillators, USB connections, power, ICSP,
and reset buttons. [6]. This arduino
performance can be programmed with
Arduino IDE software or Visual Studio
Code which has an 10 IDE Platform by
connecting it to a computer with a USB
cable. To turpg current
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Description :
€H = Measurement Error

value of room temperature.
Hs = Measurement of Room



temperature using a DHT22 sensor.
Hu = Measurement of

Temperature using Room Temperature
Meter.

Xey = Average value error of
measurement room temperature.

n = Number of Trials.
2.8. Quality of Service (QoS)
2.8.1. Delay

_ Zap

==t (2.3)
xp
Description :
D = Delay value.

Y4, = The amount of difference in the
delivery time of each package.

>p = The number of all successfully
received

Tabel 2. oniTU-T
Catego tity (ms
(€] S
Enc 400 ms
B S

28.2.T

Thro data that
can be sé network.
Throughg d as the
total nu arrivals
[14].

T =

Descripti@
T
unit.
b
successfully received:
ts =
observing packet delivery.
By using Wireshark Software
QoS on the network, the results o e
Throughput value will be directly displayed
in either bytes/s or bits/s.
2.9. Performance Parameter
Performance is the ability of the system to
be able to fulfill a given function with the
aim of knowing how capable the system can
be relied on in carrying out its functions. In

this research, the performance that will be
tested is in the form of the system's ability to
read sensor values and display them on
Smartphone monitoring, system
performance when the user gives orders to
control the watering point and the
performance of reading room temperature
values which will be compared with the
original temperature [16].
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Figure 3.2. Block Diagram of 10T based
Drip Irrigation
NodeMCU is a microcontroller that utilizes
the ESP8266 chipset with built-in® Wi-Fi
capabilities, allowing easy connection to a
Wi-Fi network and TCP/IP connections

through simple commands.
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IV RESULTS AND ANALYSIS Analog values for pH and

2. | temperature sensors are read on Succeed
the NodeMCU Esp8266
The data on the NodeMCU
3. Esp8266 is sent to the Database Succeed
and reads with the same value.
The data on the Firebase RTDB
is read by the Android
Application and displayed on

the monitoring layout.
The Watering Control of the
app.a esiihe

Succeed

Succeed

Succeed

Succeed

Figure 4
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is test is carried out to see the
performance of the Application and
Hardware whether the Watering Switch
Control on the Application has triggered the
relay on the Tool which regulates each
watering point along with the pump and
ensures that the commands in the database
are appropriate.Based=0nsthesresults of the
Tank Watering able 4.2

below it ca atering
control of on the
applicatio rding to
what is are and
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Table 4.
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Watering Relay Primer, Relay Dela

4.1. Imp 0, Water and Pump Y
Irrigatio Solenqi Active 2
In this = Active 2
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SucCcess o Active 2
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shows the test 6" Active 3
results of the 1,77 Active 3
implementation i :er,g” 22:;2 i

,Water,
SyStem (?an work ac_ - ON,Water,10” Active 5
and be integrated with “ON.Water,11” Active 3
from the Application, RTDB “ON,Water,12” Active 2
Cloud and Hardware. mer 13 | “ON,Water,13” Active 2
olenoid Primer 14 | “ON,Water,14” Active 2
. . Solenoid Primer 15 | “ON,Water,15” Active 5
Table 4.1. LISt_IE) f S}IIQStenI] Implementatlon Solenoid Primer 16 | “ON,Water,16” Active 6
e_St esults _ Solenoid Primer 17 “ON,Water,17” Active 2
No. Implementation Results Information Solenoid Primer 18 | “ON,Water,18” Active 3
The Analog Humidity Sensor Solenoid Primer 19 | “ON,Water,19” Active 3
1. Vi(')ue '|S_| 'rSﬁdaﬁngccl){:rsr?;?gi 'tﬂzo Succeed Solenoid Primer 20 | “ON,Water,20” Active 4
w, Hi
NodeMCU Esp8266 4.2.2. Control Treatment From

Smartphone



This test measures the delay performance
of the Application and Hardware in
triggering the relay for treatment control.
The delay is manually measured using a
timer from the command given via
Smartphone until the relay gives an active
notification.

Table 4.3. Treatmenting Accuracy Test

Results

Treatment Switch
ON

Solenoid Primer 1

Solenoid Primer 2

Solenoid Primer 3

Solenoid Primer 4

Solenoid Primer 5

Solenoid Primer 6

Solenoid Primer 7

Solenoid Primer 8

trol test

results
and read
0, based
"High"
ebase which activated the Pump,
lay Water, and Relay Primer for 30
seconds at 08.00 am and 04.00 pm.
Humidity sensor values declared "Low" and
"Normal" were not activated and the system
proceeded to the next TA.

Solenoid Primer 9 Active
Solenoid Primer 10 “ON,Treat,10” Active
Solenoid Primer 11 “ON,Treat,11” Active 4
Solenoid Primer 12 “ON,Treat,12” Active 2
Solenoid Primer 13 “ON,Treat,13” Active 7
Solenoid Primer 14 “ON,Treat,14” Active 3
Solenoid Primer 15 “ON,Treat,15” Active 4
Solenoid Primer 16 “ON,Treat,16” Active 3
Solenoid Primer 17 “ON,Treat,17” Active 2
Solenoid Primer 18 ive 2
Solenoid Primer 19 4
Solenoid Primer 20 3
reatment
Control ¢ it can be
conclud

Planting

system

solenoid

0l of each

TA/Relay
Primer

Duration

Sensor
Value

Low 30s

High 30s
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Normal 30s

High

High 30s

o|~fo|uo|s|w |-

Low

Low

Deactive

Deactive

Humidity

py testing the
umidity  Sensor
of the watering
e humidity sensor
67) for ADS1115 and
duino analog that is read
nto percent and then classified
into 3 levels. Sensor values (0-30%) are
classified as “Low”, (31-46%) are classified
as “Normal”, (47-100%) are classified as
“High”. Classification of humidity sensor
values is done to simplify the process of
sending data and Automatic Watering.



Tabel 4.5. Test results of Soil Moisture
Value Reading

In this 3 time test the results of sending
pH data from Arduino to the application are

Plagtin SoiIMoistur'Zl;l;jest ?esul:l SoiIMoistur,\e‘;est ?esul;sz Soil Moistur:‘;est Resul;s the same. From the reading VaIUe Of the pH
Mediu | Arduino | eMC | ol | Adino | eMC | g | Arduino | eMC | TR sensor, valid results were obtained on plant
— — — o
I S I media 1-6 because the tool (pH sensor) was
3 8608 | L Low | 12416 [ N | Nowmal | 16396 [ High _| installed and calibrated correctly and for
4 15248 N Normal 16480 H High 18540 H High . .
5 9344 L Low 10160 N Normal | 13502 N Normal planting media 7-12 the results are not
6 12688 N Normal 16144 H High 17932 H H?gh . . .
7 11024 | N | Nomal | 14400 | N | Normal | 16375 | W Hiigh available because the sensor is not installed.
8 18096 H High 20480 H High 22487 H High . H .
s 14256 Tomal | 17a0s || righ | zous | riign The test point is the success of sending pH
10 21664 H i H d t H
11 11584 N ata
2 8224 L
3 11488 N DHT22
4 8816 L
5 2976 L
16 9840 L € sensor
17 2064 H -
18 1654 H son will
T Sensor
perature
perature
ificati Wi u
that the classification as conducted to see the
values has been successful and the sendi ormance of the DHT22 Sensor.
of soil humidity data on the tool has been heati |
successfully read in the application. Where B DHT22 Data on Application = Analog Temperature Data
the classification of sensor reading values ; 2w m
for ADC1115 is 0-10156 (0-30%) reads " 8% IN L2 SR ma
"Low", 10158-15072 (31-46%) reads NN NS YN o
"Normal” and 15073-32767 (47-100%)
reads " Arduino, 0-
316 (O- -470 (31-
46%) re 024 (47-
100%) r 1400 1430 1500 1530  16.00
425 T _
i Figure 4.
will be
lassified
because its own
influence rmining element
factor, ot being
Tabel 4 polymer
Results of
reading data
on Planting 112 |3(4]5
Medium
Arduino 6|16|6|6]|6 ey
NodeMCU 6 | 6|6 |66 (%)
Application | 6 | 6 | 6 | 6 | 6 3.38
Tabel 4.7. Test res 177
st_ultsdoI pH Sensor in Planting 4°C 247°C | 0,7°C 2,83
reading data o, o) o
on Planting 112|3|4|5]|6 7 8 9 22’2 °g gg’g °g 8’3 Qg 2’%
Medium J 2 > 2
Arduino | 6 | 6 | 7 | 66| 7| NNA | NJA | NIA | NIA | N/ 223°C | 219°C | 04°C 183
NodeMCU 6 [ 6|7 (667 NA]|NA]|NA]|]NA/|NA/|NA Xey 2,22
Application | 6 | 6 | 7 [ 6 |6 | 7 | NJA | NNA | NIA | NIA | NIA | N/A
S Tabe':;E;\;?:Lﬁﬁg't’a;‘i’u%read'”g pH 3. From the data in the Table 4.9, it can be
reading data : . seen that the reading of the DHT22
on Plgmting 1|12(38|4|5]|6| 7 8 9 | 10 | 11 | 12 temperature value is higher than the original
Medium
Arduine 16 T6 T Ts 6= T A NA T WA NA T VA NA room temperature. Based on the results of
NodeMCU | 6 | 6 | 7 | 66| 7| NIA| NA | NIA | NIA | NJA | NIA calculating the average error value from

Application

6 [ 6 |7 16]6 7] NA]|NA]NA]NA]|NA/|NA




testing the temperature readings between the DELAY DISTANCE 15 METERS
DHT22 sensor and the standard room oy enngrrane Dl Coemb )
temperature meter, the average error value is

11,75
107,67
L7
123,82
139,
103,37
1205
126,52
110,66
116,38

97,86

2.22%. Based on the data sheet in appendix

A.4. This result shows good accuracy

because it is in the range of the average error

value of 2% -5%. Texd  Texz  Tex3  Texd  Texs Avrage 15

4.3. Quality of Service
Wireshark is used to test the quallty of
service

Figure 4.11 Delay measurement chart at 15 meters
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between Hardware and Applications. In
test, it will be tested how long the delay in
sending data from the hardware to the
application or control data from the
application to the Esp8266 will be tested.
This test is done by processing the
vulnerable time of sending some data
randoml ication and
Hardwar
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Figure 4.12 Average Total Delay
Figure 4.12 shows the average delay at
each distance of the tool's range. The best
average delay is at 0 meters, while the worst
is at 15 meters. The delay mcreases as the
distance from the acc ses. The
delay me still
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Figure 4.8 Delay measurement chart at 0 meters
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Figure 4.9 Delay measurement chart at § meters
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Figure 4.13. Average throughput per session
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" results.

Figare 4.10 Delay measurement chataf 10 meters The graph in Figure 4.13 shows the
average throughput at different distances
from the internet access point. The highest
average throughput is at O meters with
32139 bps, followed by 5 meters with 26264



bps, 10 meters with 19973 bps, and the
lowest is at 15 meters with 13418 bps.
Graph shows that throughput decreases as

distance

from internet access point

increases. Average throughput for all
distances tested is 19594 bps.
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