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PERANCANGAN SMART ACTUATOR CONTROL
BERBASIS FUZZY LOGIC PADA SISTEM GREEN

HOUSE CABAI
SHEILLA AMANDA

ABSTRAK

Sistem penyiraman tanaman konvensional seringkali dilakukan secara manual
tanpa mempertimbangkan kondisi riil lingkungan, sehingga berisiko menyebabkan
kekurangan air maupun kelebihan air (overwatering) yang dapat mengganggu
pertumbuhan tanaman. Penelitian ini bertujuan untuk merancang dan membangun
sistem penyiraman otomatis cerdas berbasis Internet of Things (loT) dengan
menerapkan metode Fuzzy Tsukamoto sebagai pengambil keputusan. Sistem ini
menggunakan Arduino Mega 2560 sebagai kontroler utama yang menerima input
dari sensor suhu DHT11, sensor kelembaban tanah, serta sensor pH-4502C. Metode
Fuzzy Tsukamoto digunakan untuk menentukan durasi penyiraman secara presisi
berdasarkan parameter suhu dan kelembaban yang terdeteksi, sehingga kebutuhan
air tanaman dapat terpenuhi secara optimal. Berdasarkan hasil pengujian, sistem
menunjukkan performa yang sangat stabil dengan tingkat akurasi sebesar 100%
dalam mencocokkan hasil perhitungan matematis manual dengan output durasi
penyiraman yang dihasilkan oleh program. Selain itu, sistem dilengkapi dengan
fitur keamanan pH yang diterapkan sebelum proses penyiraman dimulai, sehingga
penyiraman hanya akan dilakukan apabila kondisi pH tanah berada dalam batas
aman bagi tanaman. Seluruh data pembacaan sensor serta riwayat aktivitas
penyiraman dapat dipantau secara real-time melalui Web Dashboard, sehingga
pengguna dapat melakukan monitoring secara mudah dan efisien..

Kata Kunci : Smart Watering, Fuzzy Tsukamoto, 10T, Website.
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PERANCANGAN SMART ACTUATOR CONTROL
BERBASIS FUZZY LOGIC PADA SISTEM GREEN

HOUSE CABAI
SHEILLA AMANDA

ABSTRACT

Conventional plant watering systems are often carried out manually without
considering real environmental conditions, which can lead to insufficient watering
or excessive watering (overwatering) that may negatively affect plant growth. This
research aims to design and develop an intelligent automatic irrigation system
based on the Internet of Things (IoT) using the Fuzzy Tsukamoto method as a
decision-making approach. The system employs an Arduino Mega 2560 as the main
controller, receiving input data from a DHT11 temperature sensor, a soil moisture
sensor, and a pH-4502C sensor. The Fuzzy Tsukamoto method is applied to
determine the watering duration precisely based on detected temperature and soil
moisture parameters, ensuring that plants receive an optimal amount of water
according to their needs. Based on the testing results, the system demonstrates
highly stable performance with an accuracy rate of 100% in matching manual
mathematical calculations with the watering duration output generated by the
program. In addition, the system includes a pH safety feature implemented before
the watering process begins, so irrigation is only performed when the soil pH level
is within a safe range for plant growth. All sensor readings and irrigation activity
history can be monitored in real-time through a Web Dashboard, allowing users to
supervise the system efficiently and conveniently.

Keywords: Smart Watering, Fuzzy Tsukamoto, IoT, Website.

viii

https://lib.mercubuana.ac.id



DAFTAR ISI

HALAMAN SAMPUL ..ottt st e sate e sre e s tee e snteeennee s 0
HALAMAN JUDUL.....ooii ittt et e e s s e e e s snba e e e s snraee e i
HALAMAN PENYATAAN KARYA SENDIRI ....cc.ooooiiiiie e i
HALAMAN SURAT KETERANGAN HASIL UJI TURNITIN .....cocoieiievee e, iii
HALAMAN PENGESAHAN ..ottt e iv
KATA PENGANTAR . ..ottt ettt et e sa e e sar e e sabe e s be e e sabe e e beeenes \
HALAMAN PERNYATAAN PERSETUJUAN PUBLIKASI .......ccooiiiiiiiiie s Vi
ABSTRAK L.ttt bttt ettt e e vii
A B ST RACT L.ttt e e e e st e s e e e e tr e s re e e nraeennes viii
DAFTAR IST ..ottt bttt e bbbt st iX
DAFTAR TABEL ..ottt ettt et Xii
DAFTAR GAMBAR ...ttt ettt sttt eneereanente e e Xiii
DAFTAR LAMPIRAN ..ottt sttt nesnente e e e Xiv
BAB | PENDAHULUAN ...ttt naeneeneas 1
1.1 Latar BelaKang .....ccoooiiieiiiece et 1
1.2 RUMUSAN MaSIAN .....c.eiiiiie e 3
1.3 TUJUAN PENEIITIAN. .....cuiiiec e 3
1.4 Batasan Masalah...........ccoooiiiiiiiiic s 4
15 Manfaat Penelitian..........ccoooieiiei e 4
BAB Il TINJAUAN PUSTAKA ...ttt eneas 5
2.1 Penelitian TerdaNUIU............cccvoeieiieie e 5
2.2 SENSON DHT LI .t 7
2.3 Sensor Kelembapan Tanah (Capacitive Soil Moisture Sensor).........c.cccceeervennne. 7
2.4 Arduino Mega R3 Built-in 10T WiFi (Mega + ESP8266 Integrated)................... 8
2.5  Liquid Crystal Display (LCD) 16X2........cccoeueimiiirienienienieieesese s 9
2.6 KEeSUDUIAN TaNAN .....ooviiieic e 10
2.6 LOGQIKA FUZZY ... 11
2.7 Pengertian Internet of Things (I0T)......ccoiviiieeiieeiieie e 13
2.8 MOAUIE REIQY ......oecvveieciiee ettt 13
2.9 Sensor PH AN 4502C ......oce e e e 14
2.10  XAMPRP ..ot et 15
2.11  Hypertext Preprocessor (PHP)........ooiiiiiiiieee e 15
X

https://lib.mercubuana.ac.id



2.12  Structured Query Language (SQL) .....ccooereiririninieriesieieeeesese e 16

2.13  MySQL dan phpMYAAMIN.......ccoeiieiiriiece e e nee s 16
BAB 111 PERANCANGAN ALAT DAN SISTEM ....cooiiiiiiiiincee e 17
3.1 Prosedur PEFANCANGAN ..........ccveiieiieiieceeie sttt se ettt sre e e sae e re e 17
3.2 DiIAGIaM ALIT oo 18
3.3 2] (0] S T To [ 14 SRS 21
3.4 DeSIgN SKEMALIK .....cvveviiiieicciece ettt s 22
35 Perancangan SIStEM FUZZY .........ccociieiiiiie e see e see e ste e sre e st snee e sneas 22
3.5.1 Fungsi Keanggotaan SUhU.........cccceeiiiiiiiiiiiiiiieee e 22
3.5.2 Fungsi Keanggotaan Kelembaban............ccocceciiiniinininninniceiicneneee 23
3.5.3 Fungsi Keanggotaan Output POMPa Ail.........cccceveieiiieininiseseseseseeeeeeiens 24
RN 241 1 1] PSPPI 25
3.5.5 RUIES FUZZY ...ttt ettt et reesnee s 26
3.5.6 INTEIENSI.....oiiieii s 27
T A D L (174 ] 1 ] S 29
3.6 Perancangan WEDSITE ... 29
3.6.1 Perancangan Database MySQL..........cccooviiiiiiiineieieeeese e 29
3.6.2 Perancangan Script Penerima Data ..........cccocveviiriieciieiieieriesee e 29
3.6.3 Perancangan Struktur Dashboard .............cccceevieririiieiieenieieeese e 30
3.7 Kebutuhan HardWare.............ccoiiiiiiee e 31
BAB IV HASIL DAN PEMBAHASAN .......ccoiiiiiiiiie e 32
4.1 HaSil PENQUJIAN SENSOT.......eiuiiiiitiitiiieiteiee ettt 32
4.1.1 Sensor SUNU DHTLL. ..ottt 32
4.1.2 SenSOr SOIl IMOISTUIE .....ccuecvveieciece et 32
4.1.3 Sensor PH AIF 4502C .........ouiieiciecee et 33
4.1.4 Hasil Pengujian Sensor pada Green hOUSE ........ccocevveeieeveeseesiesie e enee e 33
4.2 Hasil Pengujian FUzzy TSUKAMOTO ........c.civiiiiiiiiniiiiesieeeee e 34
4.3 Perhitungan Matematis Fuzzy TSUKAMOTO ...........ccocvrerinineiicisesese e 36
4.3.1 Perhitungan Data L........ccooueveiiiiininiesieieeee e e 36
4.3.2 Perhitungan Data 2..........coueieiiiiiiiiiiesieseeeee e 37
4.3.3 Perhitungan Data 3..........coueieiiiiiiiieseeeees e 39
4.3.4 Perhitungan Data 4.........ccoeiieeieeie ettt ae e e nee e 41
4.3.4 Perhitungan Data 5......ccooieiiiiie et 42
4.4 Pengujian WEDSITE.......ccv ittt st 43
BAB YV KESIMPULAN DAN SARAN. ....cooitiiiietiei e 45
5.1 KESIMPUIAN. ...ttt 45
X

https://lib.mercubuana.ac.id



5.2 Saran....................
DAFTARPUSTAKA
LAMPIRAN..............

Xi

https://lib.mercubuana.ac.id



DAFTAR TABEL

Tabel 2.1 Spesifikasi Relay ... 15
Tabel 3.1 Variabel Linguistik SUNU............ccooiiiiiiiiiee e 22
Tabel 3.2 Variabel Linguistik Kelembaban Tanah ............cccccooeiiiiiiiciicinc, 23
Tabel 3.3 Variabel Linguistik Qutput Pompa Air .........cccceiiieiiiiiienie e 24
Tabel 3.4 RUIES FUZZY ........ooeiiiie s 26
Tabel 3.5 Kebutuhan Hardware.............cccevvieiienece e 30
Tabel 4.1 Pengujian DHTLL........ccovoiiiieiiece e 31
Tabel 4.2 Pengujian Sensor .MOISTUIE..........ccveiiviiiie i 32
Tabel 4.3 Pengujian SENSOr PH Al .....c.oiieiiee e 32
Tabel 4.4 Pengujian Sensor Pada Green HOUSE ..........cccvevvereiieseese e 32
Tabel 4.5 Tabel Hasil Pengujian Fuzzy TSUKAmMOLO...........cccceevveiiieiieiieeiieiiens 33
Tabel 4.6 Tabel Hasil Pengujian Fuzzy TSUKAMOLO............ccoovrieieiieniienesiciee 34
Tabel 4.7 Tabel Hasil Perhitungan Data 1...........cccccoverininenininieee e 34
Tabel 4.8 Tabel Hasil Perhitungan Data 2.............cccocvvevieveeie i 35
Tabel 4.9 Tabel Hasil Perhitungan Data 3............ccccceviveiieiieccic e 37
Tabel 4.10 Tabel Hasil Perhitungan Data 4 ..........cccoocoieiiiininisieeeee e 39
Tabel 4.11 Tabel Hasil Perhitungan Data 5 .........ccccooeiiiiiininiieee e 40

Xii

https://lib.mercubuana.ac.id



DAFTAR GAMBAR

Gambar 2.1 SeNSOr DHTLL....ccooiiiieiieeeee e e 7
Gambar 2.2 Sensor Capacitive Soil MOISTUIE ...........coooviiiiiiiice s 8
Gambar 2.3 Arduino Mega R3 Built-in 1oT WiFi (Mega + ESP8266 Integrated) . 9
Gambar 2.4 Liquid Crystal Display (LCD) 16X2.........cccccvvevieiiieneeieieesieeiesieenes 10
Gambar 2.5 Relay 2 Channel ..........ccooveiiiiiiii e 13
Gambar 3.1 Diagram alir PEranCangan...........cceeverueereeneenesreeseeseseesieesieseeseeeneas 17
Gambar 3.2 DIiagram AlIl.......c.oooiiiiiiee e 19
Gambar 3.3 BIOK DIagram .........cccuevviiieiieiieie et 21
Gambar 3.4 Design SKeMALIK...........cooviiiiiiiiieieee e 22
Gambar 3.5 Fungsi Keanggotaan SUNU ...........cccceieriiiieninineceese e 23
Gambar 3.6 Fungsi Keanggotaan Kelembaban .............c.ccooviiiiiinnncicnne 24
Gambar 3.7 Fungsi Keanggotaan POmpPa Ail.........ccoceieierininieieienene e 25
Gambar 3.8 Struktur Tabel Pada MYSQL .........cccoviiiiieececeeee e, 28
Gambar 3.9 Program Penerima Data............cccocvvviiieiie i 29
Gambar 3.10 Program Tampilan WeDBSIte ... 29
Gambar 4.1 Tampilan Serial MONITOr .........cccooiiiiiiiiiiee e 36
Gambar 4.2 Tampilan Web Dashboard .............cccoovveiiieieiie e 41
Gambar 4.3 Tampilan Database MYSQL ........ccccvovviiiiiiiiiic e 42

Xiii

https://lib.mercubuana.ac.id



DAFTAR LAMPIRAN

Lampiran 1. Program ArAUINO .........cceieiieieeie e 48

XiV

https://lib.mercubuana.ac.id





