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ABSTRAK 

 

Nama Mahasiswa / NPM  : Galih Novian Prasetyo / 18081010150 

Judul Skripsi : Pengendalian Dissolved Oxygen dalam Air   

Menggunakan Aerator Variable dengan Fuzzy Type 

Two dan Iot 

Dosen Pembimbing  : 1. Dr. Basuki Rahmat, S.Si. MT. 

  2. Fetty Tri Anggraeny, S.Kom., M.Kom 

 

Efisiensi penggunaan energi dalam sistem akuarium menjadi faktor penting 

dalam menjaga keseimbangan ekosistem buatan sekaligus mengoptimalkan 

konsumsi listrik. Dalam penelitian ini, dikembangkan sistem otomatisasi aerator 

berbasis Internet of Things (IoT) dengan metode Fuzzy Type-2 yang mampu 

menyesuaikan durasi operasional aerator secara adaptif berdasarkan kadar oksigen 

terlarut dalam air. Sensor Dissolved Oxygen (DO) digunakan untuk mengukur kadar 

oksigen, sementara data dikirim dan dimonitor melalui Ubidots sebagai web server 

MQTT, memungkinkan pemantauan kondisi akuarium secara real-time. Penelitian 

ini bertujuan untuk mengukur tingkat efisiensi penggunaan listrik dalam sistem 

otomatisasi aerator dibandingkan dengan metode konvensional. Pengujian 

dilakukan dengan membandingkan konsumsi energi serta kestabilan kadar oksigen 

antara sistem otomatis berbasis IoT dan sistem manual. Hasil penelitian 

menunjukkan bahwa penerapan metode Fuzzy Type-2 mampu meningkatkan 

efisiensi penggunaan energi, mengoptimalkan operasional aerator, serta menjaga 

kadar oksigen dalam batas optimal bagi kehidupan ikan. Dengan adanya sistem 

otomatis ini, pengelolaan akuarium menjadi lebih efektif dan hemat energi, 

sekaligus membuka peluang lebih luas bagi integrasi teknologi IoT dalam 

pengelolaan lingkungan berbasis data. 

 

Kata Kunci : Internet of Things, Dissolved Oxygen, Aerator, Fuzzy Type-2, 

MQTT, Ubidots 
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ABSTRACT 

 

Student Name / NPM  : Galih Novian Prasetyo / 18081010150 

Thesis Title : Control of Dissolved Oxygen in Water Using 

Variable Aerator with Fuzzy Type-2 and IoT 

Advisors : 1. Dr. Basuki Rahmat, S.Si. MT. 

  2. Fetty Tri Anggraeny, S.Kom., M.Kom 

Energy efficiency in aquarium systems is a crucial factor in maintaining the 

balance of artificial ecosystems while optimizing electricity consumption. In this 

study, an automated aerator system based on the Internet of Things (IoT) was 

developed using the Fuzzy Type-2 method, which can adaptively adjust the 

aerator's operational duration based on dissolved oxygen levels in the water. A 

Dissolved Oxygen (DO) sensor was used to measure oxygen levels, while data was 

transmitted and monitored through Ubidots as an MQTT web server, enabling real-

time monitoring of aquarium conditions. This study aims to measure the efficiency 

of electricity consumption in the automated aerator system compared to 

conventional methods. Testing was conducted by comparing energy consumption 

and oxygen stability between the IoT-based automated system and manual 

operations. The results show that the implementation of the Fuzzy Type-2 method 

enhances energy efficiency, optimizes aerator operation, and maintains oxygen 

levels within an optimal range for fish survival. With this automated system, 

aquarium management becomes more effective and energy-efficient, while also 

opening broader opportunities for integrating IoT technology in data-driven 

environmental management. 

 

 

 

Keywords : Internet of Things, Dissolved Oxygen, Aerator, Fuzzy Type-2, MQTT, 

Ubidots 









 

viii 

 

DAFTAR ISI 

 

LEMBAR JUDUL SKRIPSI ................................................................................. i 

LEMBAR PENGESAHAN .................................................................................. ii 

LEMBAR PERSETUJUAN ................................................................................ iii 

SURAT PERNYATAAN BEBAS PLAGIASI ................................................... iv 

ABSTRAK ............................................................................................................. v 

ABSTRACT .......................................................................................................... vi 

KATA PENGANTAR ......................................................................................... vii 

DAFTAR ISI ....................................................................................................... viii 

DAFTAR GAMBAR ............................................................................................. x 

DAFTAR TABEL ................................................................................................ xi 

DAFTAR KODE ................................................................................................. xii 

BAB I PENDAHULUAN ...................................................................................... 1 

1.1. Latar Belakang ........................................................................................ 1 

1.2. Rumusan Masalah .................................................................................. 3 

1.3. Tujuan ..................................................................................................... 3 

1.4. Manfaat ................................................................................................... 4 

1.5. Batasan Masalah ..................................................................................... 4 

BAB II LANDASAN TEORI ............................................................................... 5 

2.1. Penelitian Terdahulu ............................................................................... 5 

2.2. Internet of Things ................................................................................... 6 

2.3. Akuarium ................................................................................................ 7 

2.4. Filter Akuarium ...................................................................................... 8 

2.5. Dissolved Oxygen ................................................................................. 10 

2.6. Aerasi .................................................................................................... 11 

2.7. Sensor Suhu .......................................................................................... 12 

2.8. DO Meter .............................................................................................. 14 

2.9. Aerator .................................................................................................. 15 

2.10. Metode Fuzzy Type-2 ........................................................................... 17 

2.11. Mikrokontroler ESP 32 ......................................................................... 19 



 

ix 

 

2.12. MQTT ................................................................................................... 20 

2.13. Ubidots ................................................................................................. 22 

BAB III METODOLOGI PENELITIAN ......................................................... 23 

3.1. Alur Penelitian ...................................................................................... 23 

3.2. Studi Pustaka ........................................................................................ 25 

3.3. Analisis Kebutuhan .............................................................................. 26 

3.3.1. Perangkat Keras ............................................................................ 27 

3.3.2. Perangkat Lunak............................................................................ 29 

3.4. Perancangan Alat .................................................................................. 29 

3.4.1. Struktur Alat .................................................................................. 30 

3.4.2. Alur Kerja Alat .............................................................................. 31 

3.5. Perancangan Program dan Algoritma ................................................... 32 

3.5.1. Desain Sistem ................................................................................ 32 

3.5.2. Fuzzifikasi ..................................................................................... 33 

3.5.3. Inferensi......................................................................................... 37 

3.5.4. Reduksi Tipe dan Defuzzifikasi .................................................... 37 

3.5.5. Perhitungan Manual ...................................................................... 38 

3.6. Uji Coba ................................................................................................ 41 

3.7. Evaluasi Sistem .................................................................................... 42 

BAB IV HASIL DAN PEMBAHASAN ............................................................ 45 

4.1. Rangkaian Alat ..................................................................................... 45 

4.2. Implementasi Sistem ............................................................................ 47 

4.2.1. Implementasi Program pada ESP32 .............................................. 47 

4.2.2. Web MQTT Ubidots ..................................................................... 63 

4.3. Pengujian Sistem .................................................................................. 65 

BAB V KESIMPULAN DAN SARAN .............................................................. 71 

5.1. Kesimpulan ........................................................................................... 71 

5.2. Saran ..................................................................................................... 72 

DAFTAR PUSTAKA .......................................................................................... 75 

 

  



 

x 

 

DAFTAR GAMBAR 

  

Gambar 2.1 Akuarium Ikan. ............................................................................... 8 

Gambar 2.2 Filter Akuarium ............................................................................... 9 

Gambar 2.3 Sensor Suhu .................................................................................... 14 

Gambar 2.4 Dissolved Oxygen Meter ............................................................... 15 

Gambar 2.5 Aerator ............................................................................................ 16 

Gambar 2.6 Sistem Logika Interval Fuzzy Type-2. ......................................... 17 

Gambar 2.7 Footprint of Unscertainty.............................................................. 18 

Gambar 3.1 Alur Skenario Program. ................................................................ 23 

Gambar 3.2 Desain Keseluruhan Struktur Alat .............................................. 30 

Gambar 3.4 Alur kerja alat ................................................................................ 31 

Gambar 3.5 Alur Kerja Sistem .......................................................................... 32 

Gambar 3.6 Variabel Suhu ................................................................................ 34 

Gambar 3.7 Variabel DO ................................................................................... 34 

Gambar 4.1 Rangkaian Alat pada PCB ............................................................ 45 

Gambar 4.2 Mikrokontroler dan Akuarium Tampak Atas ............................ 46 

Gambar 4.3 Mikrokontroler dan Akuarium Tampak Samping .................... 46 

Gambar 4.4 Library Manager ........................................................................... 47 

Gambar 4.5 Ubidots Token ................................................................................ 64 

Gambar 4.6 Device pada Ubidots ...................................................................... 64 

Gambar 4.7 Dashboard Ubidots ........................................................................ 65 

Gambar 4.8 Sample Hasil Monitoring Sensor DO dalam 1 Hari ................... 66 

Gambar 4.9 Sample Hasil Monitoring Sensor Suhu dalam 1 Hari ................ 67 

Gambar 4.10 Sample Hasil Monitoring Nilai Fuzzy dalam 1 Hari ................ 68 

Gambar 4.11 Sample Hasil Monitoring Relay dalam 1 Hari .......................... 69 

  





 

xi 

 

DAFTAR TABEL 

 

Tabel 3.1 Tabel Hasil Agregasi Inferensi Fuzzy Type-2 .................................. 40 

  





 

xii 

 

DAFTAR KODE 

 

Kode Sumber 4.1 Pemanggilan Library ........................................................... 48 

Kode Sumber 4.2 Inisialisasi Awal .................................................................... 49 

Kode Sumber 4.3 Inisialisasi Awal Fuzzy ......................................................... 51 

Kode Sumber 4.4 Inisialisasi ESP32 dan Koneksi ke Ubidots ........................ 52 

Kode Sumber 4.5 Kode Utama ESP32 .............................................................. 57 

Kode Sumber 4.6 Koneksi ke WiFi ................................................................... 59 

Kode Sumber 4.7 Rule Base ............................................................................... 60 

Kode Sumber 4.8 Kode Perhitungan Fuzzy ..................................................... 63 

  




	9047c50ee9dcb1956e61eea49475df4522ac537de36f0a0907d828f536e6cf68.pdf
	5819c88c4d7ccd48451773c711915cd928eb398edcea1f99bc52ddfc41af338f.pdf
	26e8beebeee851e9482dca587803904bc3bdd676d31e1dcf48a555a881569383.pdf
	blank595x842

	CamScanner 20-06-2025 11.40
	26e8beebeee851e9482dca587803904bc3bdd676d31e1dcf48a555a881569383.pdf
	blank595x842

	CamScanner 20-06-2025 11.42
	26e8beebeee851e9482dca587803904bc3bdd676d31e1dcf48a555a881569383.pdf
	blank595x842
	dd2919a6f269416e7e35497387709b6a988daa709229c3754313d2968b2d3fc0.pdf
	blank595x842
	dd2919a6f269416e7e35497387709b6a988daa709229c3754313d2968b2d3fc0.pdf
	blank595x842
	dd2919a6f269416e7e35497387709b6a988daa709229c3754313d2968b2d3fc0.pdf
	blank595x842


	CamScanner 20-06-2025 13.34
	9047c50ee9dcb1956e61eea49475df4522ac537de36f0a0907d828f536e6cf68.pdf
	CamScanner 20-06-2025 13.35
	9047c50ee9dcb1956e61eea49475df4522ac537de36f0a0907d828f536e6cf68.pdf

