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Lampiran 2. Blok Diagram Implementasi Fuzzy pada Alat
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Lampiran 3. Alur Kontruksi Fuzzy Logic
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Lampiran 4. Kebun Bayem House
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Lampiran 5. Usulan Keseluruahn Rangkaian Penyiraman Otomatis
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Lampiran 6. Tabel Analisis Kebutuhan Hardware

No

Perangkat

Kegunaan

NodeMCU ESP8266 LUA
WiFi v3 4MB 32MBITS
CH530

Mikrokontroler sebagai pemrosesan alat
utama, pusat pengumpulan data inputan,
dan dilakukanya pemerosesan logika fuzzy.

2 | NodeMCU v3 BaseBoard Sebagai penghubung dari kabel-kabel

Base Plate sebelum terhubung ke NodeMCU8266 dan
Sensor-sensor.

3 | Sensor YL-69 Soil Sebagai inputan untuk  mengetahui
Mouisture Hygrometer perkiraan kelembaban tanah suatu tanaman.

4 | Sensor DHT-11 Sebagai inputan yang mampu mengetahui

suhu di sekitar.

5 | Mini Pump Motor Sebagai keran untuk menyiram tanaman.
Submersible Horizontal DC
3v-5v

6 | LCD 1602 Char Blue Sebagai output tulisan pada menyiram
Backlight with 12C Serial tanaman menggunakan layar.
Interface Module

7 | Relay Module Single Sebagai saklar arus listrik yang terhubung
Channel 1ch 10A 250VAC | ke arus mini pump.
30VvDC Modul DC-AC
Arduino

8 | Kabel Jumper Female- Sebagai  kabel  penghubung  antara
Female perangkat.

9 | Selang Air Benang Serat Sebagai penyalur air dari mini pump
5/16 inch

10 | Kabel Data Micro USB 2A | Sebagai penghubung pasokan daya

11 | Box Elektronik X6 Arduino | Sebagai tempat untuk alat penyiraman

otomatis

50




Lampiran 7. Tabel Analisis Kebutuhan Software

No Nama Software Kegunaan

1 | Arduino IDE Aplikasi untuk menulis kode program yang
ditulis menggunakan Bahasa C pada alat
penyiraman otomatis

2 | XAMPP Berfungsi sebagai database local

3 | Visual Studio Code Aplikasi untuk membuat sistem monitoring
yang akan terhubung dengan database

4 | Matlab Digunakan untuk memvisualisasikan hasil
fuzzy yang telah dibuat.

5 | Diagrams net Digunakan untuk membuat blok diagram

pada penelitian.
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Lampiran 8. Tabel Himpunan Fuzzy

Fungsi Variabel Himpunan Semesta Domain
Fuzzy Pembicara

Basah [0, 400]

Tanah Lembab [0, 1024] [200, 800]

Input Kering [600, 1024]
P Dingin [15, 25]
Suhu Normal [15, 40] [20, 35]
Panas [30, 40]
Output  Pompa Air g:?;rﬁ SlIg [0, 1] Eg:ﬂ
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Lampiran 9. Fungsi Keanggotaan Sensor Kelembaban Tanah
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Lampiran 10. Fungsi Keanggotaan Sensor Suhu
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Lampiran 11. Tabel Komposisi Fuzzy Rules

Rule Tanah Suhu Output
R1 IF Basah AND Dingin THEN  Tidak Siram
R2 IF Basah AND Normal THEN  Tidak Siram
R3 IF Basah AND Panas THEN  Tidak Siram
R4 IF Lembab AND Dingin THEN  Tidak Siram
R5 IF Lembab AND Normal THEN  Tidak Siram
R6 IF Lembab AND Panas THEN  Tidak Siram
R7 IF Kering AND Dingin THEN Siram
R8 IF Kering AND Normal THEN Siram
RO IF Kering AND Panas THEN Siram
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Lampiran 12. Grafik Hasil Fuzzy Sensor Suhu dan Sensor Kelembaban Tanah

=4
g
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Lampiran 13. Tabel Interferensi Fuzzy Sugeno dari Sistem Penyiraman Tanaman

No Lembab Tanah (RH)  Suhu (°C) Output Fuzzy

1 127 30 0

2 231 30 0

3 352 30 0

4 409 31 0

5 531 31 0

6 644 30 0.248
7 Q)

8

9
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Lampiran 14. Implementasi Alat Penyiraman Otomatis
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Lampiran 15. Tampilan Website Monitoring

Tanggal : 20-Dec-2022 | Pukul : 20:53:33 | Selamat Malam

Sistem Pemantauan Kebun Bayem House

Selamat datang, berikut adalah data pemantauan penyiraman tanaman anda.

Tanah Lembab 28.50 Sudah disiram 2022-12-08 22:43:53
2 473 Tanah Lembab 28.50 Sudah disiram 2022-12-08 22:43:49
3 473 Tanah Lembab 28.50 Sudah disiram 2022-12-08 22:43:42
4 472 Tanah Lembab 28.50 Sudah disiram 2022-12-08 22:43:38
= 474 Tanah Lembab 28.50 Sudah disiram 2022-12-08 22:43:30
6 474 Tanah Lembab 28.50 Sudah disiram 2022-12-08 22:43:23
7 474 Tanah Lembab .éé.SO Sudah disiram 2022-12-08 22:43:20
8 474 Tanah Lembab 28.50 Sudah disiram 2022-12-08 22:43:12
9 475 Tanah Lembab 2850 Sudah disiram 2022-12-08 22:43:04
10 474 Tanah Lembab 28-.50 Sudah disiram 2022-12-08 22:43:01
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Lampiran 16. Tabel Analisa Pengujian Blackbox

No

Subjek

Nama Pengujian

1

Alat Penyiraman
Otomatis

Fuzzy Logic

Database

Web Monitoring

Pengujian tingkat error sensor kelembaban
tanah YL-69 dengan perbandingan alat 3 Way
Soil Meter

Pengujian tingkat error sensor suhu DHT-11
dengan perbandingan alat HTC-1

Kecocokan penggunaan Fuzzy Logic Metode
Sugeno pada Alat Penyiraman Otomatis
ESP8266 dengan Matlab

Koneksi dengan Website

Koneksi dengan NodeMCU ESP8266
Database menerima nilai sensor kelembaban
dan sensor suhu

Website mengambil data terakhir dari
database

Website menampilkan waktu terikini

Website menampilkan waktu nilai
kelembaban dan nilai suhu
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Lampiran 17. Tabel Pengujian Sensor YL-69

Sensor YL-69  Alat Way Soil Meter Selisih
el Lembab Tanah Lembab Tanah Nilai Persen
(RH) (RH) (RH) (%)
1 1024 1000 24 24 %
2 920 900 20 2.222222222 %
3 719 700 19 2.714285714 %
4 831 900 69 7.666666667 %
5 690 700 10 1.428571429 %
6 459 500 41 8.2%
7 367 400 27 6.75 %
8 390 400 10 25%
9 799 800 1 0.125 %
10 585 600 15 25%
11 663 700 37 5.285714286 %
12 797 800 3 0.375 %
13 512 600 88 14.66666667 %
14 428 500 72 14.4 %
15 403 500 97 19.4 %
16 378 400 22 55 %
17 346 400 54 13.5 %
18 460 500 40 8%
19 473 500 27 54 %
20 468 500 32 6.4 %
21 428 500 72 14.4 %
22 403 500 97 19.4 %
23 586 600 14 2.333333333 %
24 512 600 88 14.66666667 %
25 663 700 37 5.285714286 %
26 797 800 5 0.375 %
27 418 500 82 16.4 %
28 836 900 64 7.111111111 %
29 341 400 59 14.75 %
30 362 400 38 9.5%
Rata-rata 42.066 7.788531746 %
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Lampiran 18. Tabel Pengujian Sensor DHT-11

Uil DHT-11 Alat HTC-1 Selisih
i
) Suhu (°C) Suhu (°C) Suhu (°C) Persen (%)
1 29.8 30.1 0.3 0.75 %
2 28.5 29 0.5 1.25%
3 30.2 30.5 0.3 0.75 %
4 31.2 30.9 0.3 0.75%
5 29.8 29.6 0.2 0.5%
6 30.8 30.7 0.1 0.25 %
7 32.3 31.7 0.6 15%
8 31.3 31.1 0.2 0.5%
9 29.3 29.4 0.1 0.25 %
10 28.5 28.7 0.2 0.5%
11 31.9 32.3 0.4 1%
12 28.9 29 0.1 0.25%
13 27.1 21.5 0.4 1%
14 33 334 0.4 1%
15 29.9 30.3 0.4 1%
16 30.4 30.6 0.2 0.5%
17 31.2 31.3 0.1 0.25%
18 32.2 32.3 0.1 0.25 %
19 325 32.9 0.4 1%
20 31.7 31.8 0.1 0.25 %
21 29.8 30.1 0.3 0.75%
22 30.2 30.4 0.2 0.5%
23 31.3 31 0.3 0.75%
24 31.2 31.2 0 0%
25 29.3 29.4 0.1 0.25 %
26 28.5 28.6 0.1 0.25 %
27 28.1 RS 0.2 0.5%
28 29.3 29.5 0.2 0.5%
29 29.6 29.3 0.3 0.75 %
30 29.8 30.5 0.7 1.75%
Rata-rata 0.26 °C 0.65 %
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Lampiran 19. Tabel Pengujian Fuzzy Logic

Data Uji
.. Lembab Fuzz_y Fuzz_y s
Uji Tanah Suhu Logic Logic Selisih
(RH) (°C) (Manual) (Matlab)

1 1024 29.8 1 1 0

2 920 28.5 1 1 0

3 719 30.2 0.759902913 0.75 0.009902913

4 831 31.2 1 1 0

5 690 29.8 0.623996764 0.679 0.055003236

6 459 30.8 0.485833333 0.5 0.014166667

7 367 32.3 0.463125 0.433 0.030125

8 390 31.3 0.47375 0.48 0.00625

9 799 29.3 0.448980583 0.5 0.051019417
10 585 28.5 0.402777778 0.5 0.097222222
11 663 31.9 0.578446602 0.619 0.040553398
12 797 28.9 0.878565264 0.989 0.110434736
13 518 27.1 0.442222222 0.5 0.057777778
14 428 33 0.515 0.5 0.015

15 403 29.9 0.443888889 0.5 0.056111111
16 378 30.4 0.49625 0.456 0.04025
17 346 31.2 0.330833333 0.388 0.057166667
18 460 gy 0.521666667 0.5 0.021666667
19 473 32.5 0.54 0.5 0.04

20 293 ;LT 0.2621875 0.264 0.0261875
21 343 29.8 0.229479167 0.381 0.110479167
22 403 30.2 0.506875 0.5 0.006875
23 630 S 3 0.54342233 0.554 0.01057767
24 717 P 0.791618123 0.745 0.046618123
25 663 29.3 0.590946602 0.619 0.028053398
26 797 28.5 0.860787487 0.989 0.128212514
27 323 28.1 0.314583333 0.336 0.021416667
28 836 29.3 i 1 0

29 341 29.6 0.355416667 0.377 0.021583333
30 362 29.8 0.44708333 0.423 0.024083333

Rata-rata 0.03755788385
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Lampiran 20. Tabel Implementasi Fuzzy Logic

Data Uji
.. Lembab Fuzzy Kondisi
U Tanah (S;‘g‘; Logic Pompa Keterangan
(RH)

1 29.8 1024 1 Hidup Butuh siram
2 28.5 920 1 Hidup Butuh siram
3 30.2 719 0.75 Hidup Butuh siram
4 31.2 831 1 Hidup Butuh siram
5 29.8 690 0.679 Hidup Butuh siram
6 30.8 459 8.5 Mati Tersiram
7 32.3 367 0.433 Mati Tersiram
8 31.3 390 0.48 Mati Tersiram
9 29.3 799 0.5 Hidup Butuh siram
10 28.5 585 0.5 Mati Tersiram
11 31.9 663 0.619 Hidup Butuh siram
12 28.9 797 0.989 Hidup Butuh siram
13 27.1 512 0.5 Mati Tersiram
14 33 428 0.5 Mati Tersiram
15 29.9 403 0.5 Mati Tersiram
16 30.4 378 0.456 Mati Tersiram
17 318 346 0.388 Mati Tersiram
18 32.2 460 0.5 Mati Tersiram
19 328 473 0.5 Mati Tersiram
20 31.7 293 0.264 Mati Tersiram
21 29.8 343 0.381 Mati Tersiram
22 30.2 403 0.5 Mati Tersiram
23 31.3 630 0.554 Mati Tersiram
24 31.2 717 0.745 Hidup Butuh siram
25 29.3 663 0.619 Hidup Butuh siram
26 28.5 797 0.989 Hidup Butuh siram
27 28.1 323 0.336 Mati Tersiram
28 29.3 836 1 Hidup Butuh siram
29 29.6 341 0.377 Mati Tersiram
30 29.8 362 0.423 Mati Tersiram
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Lampiran 21. Tabel Pengujian Database

No Nama Pengujian Hasil yang diharapkan Hasil
1 Koneksi website Database terkoneksi dengan )
website monitoring Berhasil
2 Koneksi hardware  Database terkoneksi pada alat
penyiraman dengan GET Berhasil
Method API
3 Nilai sensor Database dapat mengambil
kelembaban tanah  data dari alat penyiraman Berhasil

dan suhu
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Lampiran 22. Tabel Pengujian Request Web Sistem Pemantauan

Nama Hasil yang Uil Hasil (ms) Selisih
[

Pengujian diharapkan ) Chrome Edge (ms)
Website Website 1 16 15 1
request data melakukan g g ﬁ g

request untuk 4 15 19 4
. 5 22 16 6
pengambilan 6 17 16 1
database dari 7 16 14 2
webserver 3 e E 12
9 15 15 0

10 20 15 5

11 7 2 5

12 16 15 1

13 13 47 4

14 26 15 11

119) 14 14 0

Rata-rata 17.46ms  15.06 ms 4.13ms
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Lampiran 23. Tabel Pengujian Response Web Sistem Pemantauan

Nama Hasil yang N Hasil (ms) Selisih
Pengujian diharapkan el Chrome Edge (ms)
Website Website melakukan 1 46 25 21
response time response untuk 2 45 39 6
3 35 25 10
pengambilan 4 38 39 1
- 5 26 34 8
database dari 5 56 44 1
webserver 7 81 38 43
8 57 38 19
9 41 37 4
10 50 33 17
11 21 23 2
12 42 34 8
13 28 33 8
14 21 43 22
15 27 37 10
Rata-rata 40.73ms 348ms 12.73ms
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Lampiran 24. Tabel Pengujian Load Page Web Sistem Pemantauan

Nama Hasil yang N Hasil (ms) Selisih
Pengujian diharapkan g Chrome Edge (ms)
Website Website 1 1972 1154 818

2 1750 1290 460
Load Page melakukan load 3 1736 1117 619
page untuk 4 1683 1116 567
menampilkan data > 2354 L858 1002
6 1911 1070 841
dari webserver i 1648 1190 458
8 2006 1248 758
9 1721 1154 567
10 2016 1230 786
il 846 647 199
12 726 832 106
13 683 720 37
14 742 688 54
15 855 598 257
Rata-rata 1509.93 ms 1027.07 ms 501.93 ms
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Automatic Plant Watering Based on Internet of Things Using Fuzzy Sugeno
Method and ESP8266 Microcontroller
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Abstract

Watering is an activity that needs attention in the process of plant care. One important factor in the
process of developing a plant is knowing when to water it. This study aims to test automatic plant
sprinklers using fuzzy logic with the Fuzzy Sugeno Method. The tool created is a prototype with the
help of ESP8266 microcontroller hardware and Arduino IDE software. Spinach plants are used as
subjects in this study. The watering process is carried out periodically 2 times a day during the nursery
period and 1 time a day after the seedling growth period. The study used a soil analyzer for testing soil
moisture and htc-1 for testing room temperature as a comparison. From the results of the Matlab
application analysis, fuzzy inference graphs are obtained for temperature sensors with a range of 10 to
40 degrees Celsius and soil moisture with a value range of 1 to 1024 RH.

Keywords: Spinach Plants, Watering, Fuzzy Sugeno, ESP8266 Microcontroller

1. Introduction

During plant care, watering is an important
activity that needs attention. One important aspect
of the development process of a plant is knowing
when to water it. The need for water in plants must
be considered. This is because plant growth can be
optimal if the provision of water is sufficient in the
right amount and time [1].

Plants need water for their growth and
development just like humans. Water plays an
important role as the main component during the
process of photosynthesis and transpiration. In
addition, water also acts as a source of energy for
plants [2]. Lack of water in plants will make the
plants unhealthy and look wilted. As a result, the
need for minerals for plants to be reduced. This is
because water can help channel minerals from the
soil to the top of the plant.

As the times progress, most plant owners still
use the conventional method as a plant watering
technique, namely by watering the plants manually.
This method is considered to have drawbacks,
namely plant owners sometimes forget or there is
no time to provide the water needs of the plants
they own. In addition, humidity is also a factor that
plays an important role in the growth and
development of a plant.

Based on previous research conducted by R.
Santhana Krishnan (2020), this research proposes a
smart irrigation system that helps farmers water
their agricultural land using the GSM Module. This
system provides notification messages regarding
the status of work being carried out such as soil
moisture levels and ambient temperature [3].

Another study entitled Adaptive Irrigation
System Based on Fuzzy Logic by Chiragkumar
Aboti (2018) also discusses the automation of
automatic plant watering. using an irrigation
system based on the Internet of Things (IoT) and
the proposed system based on a Wireless Sensors
Network (WSN) installed in a greenhouse. This
watering device sends data from the plant
environment such as soil moisture and temperature
to the server (Raspberry pi) by means of radio
frequency (RF) communication, the Fuzzy Logic
Controller (FLC) process to make smart and
optimal decisions [4].

Based on the background previously described,
as an effort to help the owner of the Bayem House
garden, this watering tool is made using a
microcontroller named ESP8266 which has the
main control function of this automatic watering
device. This tool is equipped with an output
indicator, namely the LCD screen. Besides looking
directly at the LCD screen, this tool also uses the
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website as a monitoring system with a local
webserver with the PhpMyAdmin database.

In practice, this tool uses NodeMCU which can
be connected to the internet so that it is more
optimal in terms of monitoring systems and uses a
fuzzy logic method to determine decisions from
several variables and rules in terms of automatic
watering. Fuzzy logic is a methodology on a
system that can help control sensors. For example,
it plays a role in air humidity and soil moisture [5,
6].

Based on this, researchers are interested in
testing more deeply and conducting research
entitled "Automatic Plant Watering with the IoT-
Based Fuzzy Logic Method using the ESP8266
Microcontroller". The fuzzy logic method is
proposed as the method applied in this research.
This has the goal of determining when the system
will send a signal to the IoT device so that it can
implement the process of automating plant
watering and knowing soil moisture conditions and
using the website as a monitoring system for
sensors based on temperature and soil moisture
which will later be stored in a database to view
automatic watering activities. .

2. Research methods

2.1 Fuzzy Logic

Prof. LA Zadeh in 1965 is known as originator
idea fuzzy logic . Expansion the crisp set is one
principles on fuzzy sets . A crisp set is a usual set
used for group one individual Becomes a number
of category among them i.e. member and not
member .

When reviewed from crisp set , only there is
two possibility score membership , that is zero or
one . In use , value membership in this fuzzy set
own range value 0 to with 1. As for example , if x
has score fuzzy membership pA[x] = 0, p this show
that x doesn't belong to in set A. Also valid for pA
[x] = 1, p this means that x belongs to in set A as
member full [7].

set conventional normal used as operation
fuzzy set . There is a number of operations that
have a specific meaning with purpose i.e. combine
and transform fuzzy set. A o- predicate is frequent
terms _ known because own score membership
results from operation two set . Some basic
operators results Zadeh 's works include AND
operators, OR operators, and NOT operators.

Function implication is rules that exist on the
line of vague and possessing knowledge
connection with fuzzy relationship . Following this
is ratio general from function implication .

IFxisATHENyis B )
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Antecedents is usual terms _ used and symbolized
relationship following IF . Whereas consequently
is usual terms _ worn for symbolize relationship
following THEN . Proposition it can be developed
use fuzzy operators like :

IF (x1isAl)* (x2is A2) * (x3 isA3)*....* (xN is
AN) « THEN y is B (2)

2.2 Fuzzy Sugeno Method

Method Sugeno including in one _ Fuzzy Logic
Method . Method this introduced in 1985 by Takagi
- Sugeno Kang. Weakness pure fuzzy system can
be overcome with exists Fuzzy Sugeno system with
add calculus mathematics simple as part from
THEN. Change this produce weighing fuzzy
system average value in parts fuzzy IF-THEN rules
. Weakness sugeno fuzzy system located in the
THEN section. For example , existence calculation
math can provide framework experience for
presentation knowledge real human [8] .

reasoning method sugeno own difference with
reasoning Mandani. Mamdani's reasoning has a
system ( consequent ) output in the form of fuzzy
set , whereas reasoning Method Sugeno the output
form constant or linear equation . Method this
introduced in 1985 by Takagi — Sugeno Kang, so
method this often known _with TSK method [9].

Fuzzy logic uses method sugeno this
implemented with a number of stage . There are 4
stages used i.c. as following :

2.2.1 Establishment Fuzzy Set

Study this use two variable that is humidity soil
and temperature sensors . Each set blurry own
incoming domain value to in range universe talk .
this allowed for operate on a set run away . Table
universe talks fuzzy sets are in Table 1

Table 1. Fuzzy Set

Functi Variab  Fuzzy Set Speaker Domain
on le Universe
Inputs  Land Wet 0-1024 0-400
Moist 0-1024 200 — 800
Dry 0-1024 600 — 1024
Temper Cold 15_40 1525
ature
Normal 15-40 20-35
Hot 15-40 30-40
output  Water No Flush 0_1 0-05
pump
flush 0-1 0.5-1

Function membership made after formation
fuzzy set . In fuzzy sets , functions membership this
conducted mapping input data to in degree / value
membership . intervals used for value / degree
membership i.e. 0 to 1. On research this approach
_ function obtained from function membership .
On research this use function representation
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trapezoid . Function humidity sensor membership
land shown in Figure 1 and function temperature
sensor membership shown in Figure 2.

bagah lembab kenng

T N N
- -inpul u-'a.riabl.e-"i(elerr;b.a-ban' -
Figure 1. curve variable humidity land

dingin normal panas

.,

input variable “suhu®

Figure 2 . curve variable temperature

Based on Table 1 can be seen that there is
humidity sensor variable divided land’ into 3
fuzzy sets , namely wet , moist , and dry . Whereas
for temperature sensors shared into 3 fuzzy sets ,
namely cold , normal, and hot . Then variables dry
represented in shape curve in the form of the left
shoulder on the humidity sensor ground .

Whereas curve right shoulder shape
represented for variable wet . For variable land , the
input values shown on the x- axis have unit form
percentage . For score level membership from
input value is indicated with symbol p(x).

temperature sensor , used curve left shoulder
for variable cold , curves trapezoid for normal
variable , and right shoulder curve for variable hot
. Axis x°C is input value with unit level Celsius for
variable temperature , while p ( x°C ) is score level
membership from temperature sensor input value .

2.2.2 Functions Implications

Application function implication use the MIN
function is in the function Step inference |,
calculation function implication is as following

ai=pAi (x) N uBi(x)=min (pdi(x), uBi(x))

(3)
Description :
ai : Minimum rule value to-i on fuzzy sets A and
B
nAi(x) :fuzzy set A with level membership x rules

3
i-th
uBi(x) :fuzzy set B with level membership x rules
i-th

2.2.3 Composition of Rules

Fuzzy rules are created at this stage. In making
fuzzy rules, it is necessary to determine the output
based on the variables used in the research, namely
soil moisture and temperature variables. The
method used is the Sugeno Method. The purpose of
making this rule is to be able to state the
relationship between input and output which will
later be made into 9 combination rules. Here is a
table of composition rules for the output .

Table 2. Fuzzy Rules

Code Rule

R1 Damp IF land Wet AND temperature Cold
water pump THEN No flush

R2 Damp IF land Wet AND Normal
temperature THEN water pump No flush

R3 Damp IF land Wet AND temperature Heat
THEN water pump No flush

R4 Damp IF land Humidity AND temperature
Cold water pump THEN No flush

RS Damp IF land Humid AND Normal
temperature THEN water pump No flush

R6 Damp IF land Humidity AND temperature
Heat THEN water pump No flush

R7 Damp IF land Dry AND temperature Cold
water pump THEN Flush

R8 Damp IF land Dry AND Normal
temperature THEN Water pump Flush

R9 Damp IF land Dry AND temperature THEN
heat pump Flush water

2.2.4 Defuzzification

The input generated from the defuzzification
process is a fuzzy number obtained from the
composition of fuzzy rules. While the output
obtained is in the form of numbers in the set of
fuzzy domains. If the fuzzy set is given in a certain
range, it must be able to take a certain sharp value
as output. Defuzzification can be done by finding
the weighted average value in the Sugeno Method
as follows.

9 _
Zn—l anzn

A=———— 4
w > ?lz 1 anzn (4)
Information:
WA : Weighted average value
ai : a-predicate to-i
xi : i-th consequence

2.3 System Requirements

In building the system hardware or hardware
is needed, the following hardware is selected after
considering the functional requirements of the
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system and the literature studies that have been
carried out, the hardware needed is as follows:
1. NodeMCU ESP8266 LUA WiFi v3 4MB
32MBITS CH530
NodeMCU v3 BaseBoard Base Plate
YL-69 Soil Mouisture Sensor
DHT-11 Temperature Sensors
Mini Pump Motor Submersible Horizontal
DC 3v-5v
6. LCD 1602 Char Blue Backlight with 12C
Serial Interface Module
7. Relay Module Single Channel 1ch 10A
250VAC 30VvDC Arduino DC-AC Module
8. Female-Female Jumper Cable
9. Fiber Thread Water Hose 5/16 inch
10. 2A Micro USB Data Cable
11. Arduino X6 Electronic Box

apwn

Software software is also needed in building the
system. The selected software has been considered
according to research needs and has referred to the
study literature used. The software used includes:
Arduino IDE
XAMPP
Visual Studio Code
Matlab
Net diagrams

A

gren. © \g

Figure 3. Suite need system

2.4 Block Diagrams

Poveer Supply

Sensor kelembaban l

tanah YL-69 1 Software

Fuzzy Logic Sugeno

NodeMCU
ESP8266

Sensor suhu l

DHT-11

Relay

l

Pompa Air A3

Figure 4. Watering block diagram
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From Figure 4 it is known that the purpose of
making this block diagram is to design the
required components. Another goal is to explain
the correlation between components in a system.
The sensors in the system, namely the soil
moisture sensor and temperature sensor, will later
be connected to the NodeMCU ESP8266 directly
and the computation will be carried out on the
machine. The computational results that have been
read are used to determine whether the condition
of the water pump is on or not on. The current
originating from the NodeMCU ESP8266 cannot
be used for the current contained in the water
pump. Therefore, it requires another current
source. In order to turn on and off the current can
be controlled, in this case using a relay as an
assistant.

2.5 Fuzzy Construction Flow

In making fuzzy, the first step is to determine
the boundaries of the fuzzy input set. This limit can
be taken from the sensor input limit. To determine
the graph or membership function, it can be done
by communicating with the garden owner. Apart
from this method, it can also be used by checking
sensor results with real conditions in the garden.

{ )
\\ Mulai
N\

MATLAB

Menentukan batasan
dan fungsi keanggotaan

I

Membuat fuzzy rules

l

Defuzzyfikasi, melihat Implementasi fuzzy
hasil interferensi dan pada NodeMCU
grafik ouput ESP8266

k.

Penguijian fuzzy dengan
Selesal mencocokan pada
model MATLAB

Figure 5. Fuzzy Logic construction flow

Next is to determine the rules of fuzzy
inference, the method used in determining these
rules is watering is done when the soil conditions
are dry and the temperature is moderate or the soil
conditions are dry and the temperature is hot.
Conditions other than that watering is not done.
The last is defuzzification using the Sugeno
Method and using the weighted average formula.
The results of the fuzzy can then be seen in Matlab,
and are ready to be implemented into code form in
the NodeMCU ESP8266.

3. Results and Discussion

Determination of Soil Moisture Range
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set condition wet

0 , x>400
400 — x
Basah(x) = { ——
W ®) =37200 =0 0 < x<400
1, x<400
set condition moist
uLembab(x)
0o , x < 200 or x > 800
x — 200 200 < x < 400
={200— 200’ X
800 ~ x 600 < x < 800
800 — 600’ X
set condition dry
uKering(x)
0 , x<600
_ ] x—600 600 < x < 1024
1024 — 600’ X
1, x>1024

Determination of the Temperature Range
set condition cold

0o , %> 25
25 — x
Dingin(x) =< ——
HDingin(x) =4-——=z,  15<x<25
1 , x < 25
set normal conditions
uNormal(x)
0o , x < 250rx > 35
x—20  NSEEE
=425-20" b
357X 3p<cx<3s
35 — 30’ X
set condition hot
0™y e 8il)
x — 30
uPanas(x) = 30 30 <x <40
1, x> 40

Sugeno's Fuzzy Calculations
For example, if the soil moisture data is 362 and
the temperature is 29.8, it is included in the 3rd rule
and can be calculated like this:

[R3] IF the soil is moist and the temperature is hot
THEN the water pump does not flush

Soil Moist
Min = 362 -0 _ 362 04525
M= 80—-0 800
Temperature

5

29.8—-20 938
= — =0.6533

Min= =50 = 15

Defuzzification

4= 0.4525 + 0.6533

> = 0.447083333

Implementation of Automatic Watering Tool
Testing the tool on plants was carried out on 1
plant, namely green spinach in the Bayem House
garden, the tool is located next to a pot containing
plants that will be watered when soil moisture
conditions have been determined on the
microcontroller system.

Figure 6. Tool Implementation

Display Website Monitoring

Website monitoring testing is carried out to
see the results of sensor readings that have been
stored in the database by showing the value of
humidity, definition of soil moisture, temperature,
safe monitoring status and when the sensor
readings work.

Tangeal - 20-Dec-2022 | Pukul - 20:53:33  Selamat Malam

Sistem Pemantauan Kebun Bayem House

Selamat datang. berikut adalah data pemantavan penyiraman tanam
an

1 &

74 Tanah Lembab 2850  Sudah disimam

nan
o e _

anda.
20221208 22:43:53

473 Tanah Lembab 28.50 Sudah di:

3 47 Tanah Lembab 28.50 Sud

4 4n Tanah Len 28.50

5 474 Tanah Lembab 28.50 Sudah disiam

Figure 7. Monitoring website display

Black box testing

Blackbox testing has a goal with the main focus
on a system that has been designed to meet the
requirements stated in the specifications or not.
This research runs or executes the unit and then
makes observations regarding the results of the unit
being tested regarding suitability with the design
process.

Table 3. Black box testing

No subject Test Name
1 Watering Testing humidity sensor error
Tool rate ground YL-69 with ratio 3
Automatic Way Soil Meter tool

Testing DHT-11 temperature
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2 Fuzzy Logic

3 Databases

4  Web
Monitoring

sensor error rate with ratio
HTC-1 tool

Compatibility use of Fuzzy
Logic Method Sugeno on the
Watering Tool ESP8266 auto
with Matlab

Connection with Websites
Connection with NodeMCU
ESP8266

Database accepts humidity
sensor and temperature sensor
values

The website fetches the last
data from databases

Website displays time latest
Website displays time score
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tool. This shows that the difference between the
sensor and the temperature gauge is not too far off
with an average of 42,066 in RH units and in

percent units of only 7.78853%

Accurate Testing of DHT-11 Sensors
Table 5. DHT-11 sensor testing

No DHT-11 HTC-1 Difference
Sensors Tool
Temper Temperat Temperat Perce
ature ure ure nt
(9] ) O (%)
1 29.8 30.1 0.3 0.75
2 28.5 29 0.5 1.25
3 30.2 30.5 0.3 0.75
4 31.2 30.9 0.3 0.75
5 29.8 29.6 0.2 0.5 %
6 30.8 30.7 0.1 0.25
7 32.3 31.7 0.6 1.5
8 31.3 31.1 0.2 0.5
9 29.3 29.4 0.1 0.25
10 28.5 28.7 0.2 0.5
11 31.9 323 0.4 1
12 28.9 29 0.1 0.25
13 2t 27.5 0.4 1
14 33 334 0.4 1
15 29.9 30.3 0.4 1
16 30.4 30.6 0.2 0.5
17 31.2 31.3 0.1 0.25
18 B2.2 323 0.1 0.25
19 32.5 32.9 0.4 1
20 31.7 31.8 0.1 0.25
21 29.8 30.1 0.3 0.75
22 30.2 304 0.2 0.5
23 BIES 31 0.3 0.75
24 31.2 31.2 0 0
25 203 29.4 0.1 0.25
26 28.5 28.6 0.1 0.25
27 28.1 28.3 0.2 0.5
28 29.3 29.5 0.2 0.5
29 29.6 29.3 0.3 0.75
30 29.8 30.5 0.7 1.75
Average 0.26 °C 0.65

humidity and value
temperature
YL-69 Sensor Accuracy Testing
Table 4. YL-69 sensor testing
No YL-69  Way Soil Difference
sensors Meter
Tool
Soil Soil Score Percent
Moist Moist (RH) (%)
(RH) (RH)
1 1024 1000 24 2.4
2 920 900 20 290000
3 719 700 19 2,714
4 831 900 69 7.666
5 690 700 10 1.428
6 459 500 41 8.2
7 367 400 27 6.75
8 390 400 10 2.5
9 799 800 1 8125
10 585 600 15 PAS
11 663 700 37 5.285
12 797 800 3 0.375
13 512 600 88 14.666
14 428 500 72 14.4
15 403 500 97 19.4
16 378 400 2 % o
17 346 400 54 13.5
18 460 500 40 8
19 473 500 27 5.4
20 468 500 32 6.4
21 428 500 72 14.4
22 403 500 97 19.4
23 586 600 14 2.3333
24 512 600 88 14.666
25 663 700 37 5.2857
26 797 800 3 0.375
27 418 500 82 16.4
28 836 900 64 7.11111
29 341 400 59 14.75
30 362 400 38 9.5
Average 42,066 7.78853

Based on the test results, thirty test results have
been carried out, there is a comparison between the
YL-69 soil moisture sensor and the way soil meter

Based on the test results, thirty test results have
been carried out, there is a comparison between the
DHT-11 temperature sensor and the HTC-1 device.
This shows that the difference between the sensor
and the temperature gauge is not too far off with an
average of 0.26 in units of °C and only 0.65 % in

percent units.

Fuzzy Logic Testing
Table 6. Sugeno's Fuzzy Logic Test
N  Soil Temperatu Fuzzy Matla Differen
o Moi re Logic b ce
st ‘0 Manu  Fuzzy
(RH al Logic
)
1 1024 29.8 1 1 0
2 920 28.5 1 1 0
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3 719 30.2 0.7599 0.75 0.0099
4 831 31.2 1 1 0
5 690 29.8 0.6239  0.679 0.0550
6 459 30.8 0.4858 0.5 0.0141
7 367 323 04631  0.433 0.0301
8 390 31.3 0.4737 0.48 0.00625
9 799 29.3 0.4489 0.5 0.05101
10 585 28.5 0.4027 0.5 0.09722
11 663 31.9 0.5784  0.619 0.04055
12 797 28.9 0.8785 0989 0.11043
13 512 27.1 0.4422 0.5 0.05777
14 428 33 0.515 0.5 0.015
15 403 29.9 0.4438 0.5 0.0561
16 378 304 0.4962  0.456 0.04025
17 346 31.2 0.3308  0.388 0.0571
18 460 322 0.5216 0.5 0.0216
19 473 325 0.54 0.5 0.04
20 293 31.7 0.2621 0.264 0.0261
21 343 29.8 0.2294  0.381 0.1104
22 403 30.2 0.5068 0.5 0.0068
23 630 31.3 0.5434  0.554 0.0105
24 717 31.2 0.7916  0.745 0.0466
25 663 293 0.5909  0.619 0.0280
26 797 28.5 0.8607 0989 0.1282
27 323 28.1 0.3145  0.336 0.0214
28 836 293 1 1 0
29 341 29.6 0.3554 0377 0.0215
30 362 29.8 0.4470  0.423 0.0240
Average 0.0375

Based on the test results of Sugeno's Fuzzy
Logic method, the thirty expected test results have
the same value as those produced by calculations
by Matlab. This shows that the fuzzy logic with the
Sugeno Method which is on the ESP8266 only has
an error of 0.037529

Watering Equipment Testing
Table 7. Testing tool sprinkling

25
26
27
28
29
30

7

663
797
323
836
341
362

293 0.619
28.5 0989
28.1 0.336
293 1

29.6 0.377
29.8 0.423

Life
Life
Dead
Life
Dead
Dead

Based on the implementation results, the expected
thirty test results have the same value as those
generated by calculations by ESP8266. This
indicates that the watering tool is running as

expected.
Database Testing
Table 8. Database testing
No  Test Name Expected Results
results
1 Website Connected Succeed
connection databases with
monitoring
websites
2 Hardware The database is Succeed
connection connected to the
device
sprinkling with
GET  Method
API
B Humidity Databases can  Succeed
sensor value  retrieve data
soil and from tool
temperature sprinkling

No  Soil Temperature Fuzzy Pump
Moist °C) Logic Condition
(RH)
1 1024 29.8 1 Life
2 920 28.5 1 Life
3 719 30.2 0.75 Life
4 831 31.2 1 Life
5 690 29.8 0.679 Life
6 459 30.8 0.5 Dead
7 367 323 0.433 Dead
8 390 313 0.48 Dead
9 799 29.3 0.5 Life
10 585 28.5 0.5 Dead
11 663 319 0.619 Life
12 797 28.9 0989 Life
13 512 27.1 0.5 Dead
14 428 33 0.5 Dead
15 403 29.9 0.5 Dead
16 378 30.4 0.456 Dead
17 346 31.2 0.388 Dead
18 460 322 0.5 Dead
19 473 325 0.5 Dead
20 293 317 0.264 Dead
21 343 29.8 0.381 Dead
22 403 30.2 0.5 Dead
23 630 313 0.554 Dead
24 717 31.2 0.745 Life

Based on the test results on the database, it is as
expected by testing the connection to the website,
connecting to the watering device and retrieving
data from the automatic plant watering device.

Monitoring Website Testing
Table 9. Testing request data

Test Name No Result (ms) differe
chrome edge nce (
ms)
Website 1 16 15 1
requests data 2 17 15 2
3 19 11 8
4 15 19 4
5 22 16 6
6 17 16 1
7 16 14 2
8 29 17 12
9 15 15 0
10 20 15 5
11 7 12 5
12 16 15 1
13 13 17 4
14 26 15 11
15 14 14 0

Average

17.46 15.06 4.13

Based on the test results on the monitoring
website, it is as expected by testing using the page
load time extension to calculate the time for
requesting data for automatic plant watering tools
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that have been stored on the web server using the
Google Chrome and Microsoft Edge browsers
which are tested using millisecond units
(milliseconds) with an average - an average of
17.46 ms using Google Chrome and 15.06 ms
using Microsoft Edge as well as an average time
comparison of 4.13 ms.

Table 10. Response time testing

Test Name No Result (ms) differe
chrome edge nce (
ms)
Website 1 46 25 21
response 2 45 39 6
time 3 35 25 10
4 38 39 1
5 26 34 8
6 56 44 12
7 81 38 43
8 57 38 19
9 41 37 4
10 50 33 17
11 21 23 2
12 42 34 8
13 25 33 8
14 21 43 22
15 27 37 10
Average 40.73 34.8 12.73

Based on the test results on the monitoring
website, it is as expected by testing using the page
load time extension to calculate the time for
retrieving data from an automatic plant watering
tool that has been stored on the web server using
the Google Chrome and Microsoft Edge browsers
which are tested wusing millisecond units
(milliseconds) with an average -an average of
40.73 ms using Gooogle Chrome and 34.8 ms
using Microsoft Edge as well as an average time
comparison of 12.73 ms.

Table 11. Page load testing

Test Name No Result (ms) differe
chrome edge nce (
ms)
Website load 1 1972 1154 818
page 2 1750 1290 460
3 1736 1117 619
4 1683 1116 567
5 2354 1352 1002
6 1911 1070 841
7 1648 1190 458
8 2006 1248 758
9 1721 1154 567
10 2016 1230 786
11 846 647 199
12 726 832 106
13 683 720 37
14 742 688 54
15 855 598 257
Average 1509.93  1027.07  501.93

15,

Based on the test results on the monitoring
website, it is as expected by testing using the page
load time extension to calculate the overall time of
the automatic plant watering monitoring website
that has been stored on the web server using the
Google Chrome and Microsoft Edge browsers
which are tested using millisecond units
(milliseconds) with an average -an average of
1509.93 ms using Gooogle Chrome and 1027.07
ms using Microsoft Edge as well as an average time
comparison of 501.93 ms.

4, Conclusion

Based on the results and discussion, it can be
concluded as follows:

e Automatic plant sprinklers are made using the
Sugeno method to implement fuzzy logic on
automatic watering devices with an error rate
of 0.0375 .

e The existence of a soil moisture sensor and
temperature sensor can easily turn on and off
the water pump when the conditions are met
and the sensor results will be sent to the
monitoring website which has a database as a
log whether watering has been done or not.

e This tool is in accordance with what is
required based on the results of black box
testing.
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