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ABSTRAK

Banjir merupakan bencana alam yang sering terjadi di berbagai wilayah dan
dapat menimbulkan kerugian besar, baik dari segi materi maupun korban jiwa.
Untuk mengurangi dampak negatif dari banjir, diperlukan sistem peringatan dini
yang efektif. Penelitian ini-bertujuan untuk merancang dan membangun sistem
peringatan dini banjir berbasis Internet of Things (IoT) menggunakan metode
Fuzzy Tsukamoto. Sistem ini. memanfaatkan beberapa sensor utama, yaitu sensor
curah hujan, sensor ketinggian air, dan sensor kecepatan air, untuk mengumpulkan
data lingkungan secara real-time. Data yang diperoleh  dari sensor-sensor ini
kemudian diproses menggunakan metode Fuzzy Tsukamoto untuk menentukan
tingkat risiko banjir. Hasil dari proses ini dikirimkan ke server melalui jaringan 10T
dan dapat diakses oleh pengguna melalui aplikasi mobile. Sistem ini diharapkan
mampu -memberikan peringatan ‘dini yang akurat dan tepat waktu, sehingga
masyarakat dapat melakukan tindakan pencegahan lebih awal. Pengujian sistem
menunjukkan bahwa. metode Fuzzy Tsukamoto mampu mengolah data sensor
dengan baik dan memberikan hasil yang dapat diandalkan dalam menentukan
potensi banjir.

Kata kunci: Internet Of Things, Peringatan Dini Banjir, Fuzzy Tsukamoto,
Sensor Curah Hujan, Sensor Ketinggian Air.
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The flood early warning system design based on Interenet of Things
(10T) uses the Fuzzy Tsukamoto Method.

Nur Rofiq Hidayat®, Ari Eko Wardoyo?, Dewi Lusiana Pater®
L23Informatics Engineering Study Program, Faculty of Engineering,
Muhammadiyah University of Jember

Email: ‘rofiky6@gmail.comg?arieko@unmuhjember.ac.id,

*dewiluSiana@Unmuhjemberiacid

ABSTRACT

Floods are frequent natural disasters in various areas and can be costly
both in-material terms and in deaths. To mitigate the negative effects of flooding,
effective early-warning systems are required. The study aims to design and build
flood warning systems based on the Internet of Things (10T) using Fuzzy Tsukamoto
methods. The system uses several primary sensors, such as rainfall sensors, water
altitude sensors, and water speed sensors, to gather real-time environmental data.
Data from these sensors is processed using Fuzzy Tsukamoto methods to determine
flood risk levels. The results of this-process are sent to servers via an 1oT network
and can be accessed by the user through mobile applications. This system will give
precise and timely early warnings so the public can take precautions early. Testing
the system showed that Fuzzy Tsukamoto's method could process sensor data well
and provide reliable results in determining flood potential.

Keywords : Internet of Things, Early warning flood, Fuzzy Tsukamoto, Rain
precipitation sensors, Water altitude sensors
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optimal.
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parameter utama, yaitu intensitas hujan, ketinggian air, dan kecepatan aliran air.
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sempurna. Oleh karena itu, penulis meminta maaf yang sedalam-dalamnya atas
kesalahan yang dilakukan dalam proses penulisan. Kritik dan saran yang

membangun sangat penulis harapkan guna perbaikan di masa mendatang.



MOTTO

s i
(Hinata Shoyo 4




DAFTAR ISI

COVER ... e st b e e be et e s ae e saeenneenes i
HALAMAN PENGESAHAN.........ccccoeoviiieireee Error! Bookmark not defined.
SURAT PERNYATAAN KEASLIAN ............. iliiError! Bookmark not defined.
ABSTRAK ..ot esbe e e eae e Eibrnas e s e eKE et e et eebe e te et e sbeesaeenteareenre e v
ABSTRACT ..ttt cie it ettt e e s e tesse et ban e Abe e s beesaeaneesteeteeneenreas Vi
KATA PENGANTAR ..ottt it it e a s e it ta e ans iX
MOTTO it sae it e ere et e s teeae s dae bt e e edeaheetestaesteenesiae e ebbeeesreenre e X
ANl I o 1 ] O L U Sy pSUSRS Xi

BAB | PENDAHULUAN

1.1 Latar Belakang .....ccccovvevvveiiiiiiiniiiiiaiienin, Error! Bookmark not defined.
1.2 Perumusan Masalah...........o.ooovvviiins e i Error! Bookmark not defined.
B3 Tujud™™. W ... oo RN Error! Bookmark not defined.
LA Manfaat.........cooorieieiini i et in e Error! Bookmark not defined.
1.5 Batasan Masalah...........ccccoo i Error!-Bookmark not defined.

BAB Il TINJAUAN PUSTAKA

2.1 BANJIT oot e Error! Bookmark not defined.
2.2 Internet of ThiNGS ......ccoovivivsitonninn i, Error! Bookmark not defined.

2.2.1 Pengertian Internet Of Thins (10T)....... Error! Bookmark not defined.
2.3 Metode Fuzzy TSuKamoto .........c.iveceummsnenss Error! Bookmark not defined.
2.4 Software Arduino IDE ............ccccocvevvieennene. Error! Bookmark not defined.
2.5 KOdUIAr.0......c.o i it st s v Error! Bookmark not defined.
2.6 Kodular Companion ..........c.ccoceeervninieneennns Error! Bookmark not defined.
2.7 Mikrokontroler ESP32 ........cccccccevveeiieinenn, Error! Bookmark not defined.
2.8 RaINArop SeNnsor ........cccevvvivievie e, Error! Bookmark not defined.
2.9 Ultrasonik HC-SR04 Sensor ...........cccccvenee. Error! Bookmark not defined.
2.10 Waterflow Sensor YF-S201 ..........ccccvvneee. Error! Bookmark not defined.
2.11 Speaker Buzzer Alarm .........ccccccevvevieinnnnn, Error! Bookmark not defined.
2.12 Bread Board.............ccoeviiiiiiiicecc Error! Bookmark not defined.
2.13 Database Realtime Firebase ....................... Error! Bookmark not defined.
2.14 State OF The Art....oooovveiiiiieececec e, Error! Bookmark not defined.

xi



BAB Il METODOLOGI/METODE PENELITIAN

3.1 Studi LIteratur .........ccccveveereeienieniesie e Error! Bookmark not defined.

3.2 Merancang bangun Sistem Peringatan Dini Banjir Berbasis Internet Of

TRINGS ..o Error! Bookmark not defined.
3.2.1 Peralatan Yang Digunakan .................... Error! Bookmark not defined.
3.2.2 Desain SiStemM ........cccovvervenesiinesiinneeeenns Error! Bookmark not defined.

3.3 Cara Kerja Sistem Peringatan-Dini Banjir Berbasis Internet Of Things
............................................................................ Error! Bookmark not defined.

3.4 Rules Perhitungan Pada Sistem Peringatan Dini Banjir Berbasis Internet Of
TRINGS .t bbb Error! Bookmark not defined.

BAB IV HASIL DAN PEMBAHASAN
4.1 Cara Kerja Prototipe......ccoemenerenenieniennenn. Error! Bookmark not defined.
4.1.1 Cara Kerja Pompa air..........cccccevearuininnn Error! Bookmark not defined.

4.1.2 Cara Kerja Sensor Tipping Bucket/Raindrops (Curah Hujan) ...... Error!
Bookmark not defined.

4.1.3 Cara Kerja Sensor-Ultrasonik (Ketinggian Air) .. Error! Bookmark not
defined.

4.1.4 Cara Kerja Sensor Waterflow (Kecepatan Air) ... Error! Bookmark not
defined.

4.1.5 Cara Kerja Mikrokontroller Esp 32........ Error! Bookmark not defined.
4.1.6 Cara Kerja Alarm (Buzzer).................... Error! Bookmark not defined.

4.2 Tahap Pengujian Black Box Dan White Box............. Error! Bookmark not
defined.

4.2.1 Tahap pengujian Black BoX..........cc...... Error! Bookmark not defined.

4.2.2 Tahap pengujian Whitebox Software dan Pemrograman............... Error!
Bookmark not defined.

BAB V KESIMPULAN DAN SARAN

5.1 Kesimpulan........cccooeiieeiiiiiieiie e Error! Bookmark not defined.
B2 SAIAN e Error! Bookmark not defined.
DAFTAR PUSTAKA ... Error! Bookmark not defined.
L AP ERAIN . s nnnn 55

xii



DAFTAR TABEL

Tabel 2.1 Cara Kerja SeNnsor ..iciue..ooviisieneaieeeinnn Error! Bookmark not defined.
Tabel 4.1 Tabel Cara Kerja Pompa Alir ................ Error! Bookmark not defined.
Tabel 4.2 ‘Rentan Nilai Sensor Tipping Bucket ....Error! Bookmark not defined.
Tabel 4.3 Rentan Nilai Sensor Ultrasonik ............ Error! Bookmark not defined.
Tabel 4.4 Rentan Nilai Sensor Waterflow............ Error! Bookmark not defined.
Tabel 4.5 Pin Sensor Tipping Bucket.................. Error! Bookmark not defined.
Tabel 4.6 Pin Sensor Ultrasonik.........coccooivine. Error! Bookmark not defined.
Tabel 4.7 Pin Sensor Waterflow .........c...cocuieiiie Error! Bookmark not defined.
Tabel 4.8 Tabel Cara Kerja Alarm.......ccccoeinnnnii. Error! Bookmark not defined.
Tabel 4.9 Pengujian Alat pada Skenario.............. Error! Bookmark not defined.
Tabel 4.10 TIMe RESPON .....cvvvvvendetiniiiabieeiie Error! Bookmark not defined.
Tabel 4.11 Output Code Pemrograman Perhitungan Fuzzy Tsukamoto ....... Error!
Bookmark not defined.

Tabel 4.12 Tabel Hasil Pengujian Database Firebase.......... Error! Bookmark not
defined.

Tabel 4.13 Tabel Hasil Pengujian Aplikasi Berbasis Android Pada Sistem
Peringatan Dini Banjir ............ccccceoveviveveccicseenenn, Error! Bookmark not defined.

Xiii



DAFTAR GAMBAR

Gambar 2.1 Alur Pengolahan Data .............cc.o..... Error! Bookmark not defined.
Gambar 2.2 Arduino IDE.............ccoie oo iiiine e Error! Bookmark not defined.
Gambar 2.3 Kodular.io i......cwiionneneien i Error! Bookmark not defined.
Gambar 2.4 Kodular Companion...........cc.cceeeeeenne. Error! Bookmark not defined.
Gambar 2.5 Mikrokontroler ESp32..............c...e.e. Error! Bookmark not defined.
Gambar 2.6 Raindrop SENSOr..........ccccvveveervesivennin Error! Bookmark not defined.
Gambar 2.7 Sensor Ultrasonik HC-SR04 .............. Error! Bookmark not defined.
Gambar 2.8 Waterflow Sensor YF-S201................ Error! Bookmark not defined.
Gambar 2.9 Speaker BUZZEE ALAIM .....couvivveeeiieci e ai s i eie e 13
Gambar 2.10 Papan bread Board ............cieiimnnnn. Error! Bookmark not defined.
Gambar 2.11 Database Realtime.......ccciviriveenivinnen Error! Bookmark not defined.
Gambar 3.1 Metodologi Penelitian..............ccoooee. Error! Bookmark not defined.
Gambar 3.2 Perancangan Sensor ......c....c.iiecie. Error! Bookmark not defined.
Gambar 3.3 Tlustrasi Miniatur.............ccvie i Error! Bookmark not defined.
Gambar 3.4 Flowchart Perancangan Perangkat Lunak (Software)................ Error!

Bookmark not defined.
Gambar 3.5 Desain Interface Bahaya dan Aman...Error! Bookmark not defined.
Gambar 4.1 llustrasi Miniatur..................iee e Error! Bookmark not defined.

Gambar 4.2 Hasil Prototipe Sistem Peringatan Dini-Banjir. Error! Bookmark not
defined.

Gambar 4.3. Grafik Line Chart Aman ................... Error! Bookmark not defined.
Gambar 4.4. Grafik Line Chart Siaga«..........c.co.... Error! Bookmark not defined.
Gambar 4.5. Grafik Line Chart Bahaya.......c.ccoi... Error! Bookmark not defined.
Gambar 4.6 Code Pemrograman Perhitungan Fuzzy Tsukamoto................. Error!

Bookmark not defined.
Gambar 4.7 Output aplikasi android alert banjir ...Error! Bookmark not defined.
Gambar 4.8 Visualisasi Sensor Pada Daerah Jember...........cccoccovvvvivvieiiiieinnnn 51

Xiv



DAFTAR LAMPIRAN

. (/laa . ’ " \
" /_;_f;;.’b\}g\\\\

g\

15



