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ABSTRAK

Kualitas udara yang semakin menurun akibat aktivitas manusia seperti
pembakaran, transportasi, dan industri menimbulkan risiko kesehatan serius,
terutama bagi sistem pernapasan manusia. Gas karbon dioksida (CO.), amonia
(NHs), serta partikel debu halus (PM2.5) tidak dapat dideteksi secara langsung oleh
manusia dan memiliki potensi risiko kesehatan, sehingga diperlukan sistem
pemantauan kualitas udara secara real-time untuk mencegah dampak negatif
terhadap kesehatan dan lingkunga. Penelitian ini bertujuan untuk merancang dan
membangun sistem pemantauan kualitas udara berbasis ESP32 dan Internet of
Things (IoT) yang mampu mendeteksi konsentrasi CO2, NHs, PM2.5, suhu, dan
kelembapan secara real-time. Sistem ini diharapkan dapat memberikan informasi
akurat dan kontinu mengenai kondisi udara di lingkungan sekitar. Metode yang
digunakan meliputi studi literatur, observasi, perancangan perangkat keras dan
perangkat lunak, serta pengujian sistem. Sistem dirancang dengan
mengintegrasikan sensor MQ135 (untuk CO2 dan NHs), DHT22 (untuk suhu dan
kelembapan), DSM501A (untuk PM2.5), dan modul RTC DS3231 pada
mikrokontroler ESP32. Data hasil pengukuran ditampilkan secara real-time melalui
display dot matriks dan disimpan di platform cloud Arduino 10T Cloud untuk
analisis lebih lanjut. Sistem yang dibangun mampu memantau dan mengukur
konsentrasi CO2, NHs, PM2.5, suhu, dan kelembapan secara bersamaan dengan
tingkat akurasi yang memadai. Pengujian menunjukkan rata-rata error sensor CO:
sebesar 1,82%, sensor suhu 3,33%, kelembapan 0%, dan PM2.5 sebesar 8,17%
dibanding alat ukur komersial. Sistem pemantauan kualitas udara berbasis ESP32
dan loT yang dikembangkan telah berhasil berfungsi dengan baik, memberikan data
akurat secara real-time, serta memudahkan pemantauan dan penyimpanan data
untuk analisis lebih lanjut. Sistem ini dapat dikembangkan lebih lanjut untuk fitur
notifikasi otomatis dan peningkatan kapasitas data logger.

Kata kunci: Kualitas udara, ESP32, Internet of Things (IoT), Pemantauan

real-time, sensor gas



ABSTRACT

The decline in air quality due to human activities such as combustion,
transportation, and industry poses serious health risks, especially to the human
respiratory system. Carbon dioxide (CO:), ammonia (NHs), and fine particulate
matter (PM2.5) cannot be directly detected by humans and pose potential health
risks, necessitating a real-time air quality monitoring system to prevent negative
impacts on health and the environment. This study aims to design and develop an
air quality monitoring system based on ESP32 and the Internet of Things (loT),
capable of detecting real-time concentrations of CO., NHs, PM2.5, temperature,
and humidity. The system is expected to provide accurate and continuous
information regarding the air conditions in the surrounding environment. The
methods employed include literature review, observation, hardware and software
design, as well as system testing. The system integrates MQ135 sensors (for CO:
and NHs), DHT22 (for temperature and humidity), DSM501A (for PM2.5), and the
RTC DS3231 module on an ESP32 microcontroller. Measurement data are
displayed in real-time via a dot matrix display and stored on the Arduino loT Cloud
platform for further analysis. The developed system is capable of monitoring and
measuring CO., NHs, PM2.5, temperature, and humidity simultaneously with
adequate accuracy. Testing showed average sensor errors of 1.82% for CO:, 3.33%
for temperature, 0% for humidity, and 3.67% for PM2.5 compared to commercial
measuring instruments. The ESP32 and loT-based air quality monitoring system
functions well, providing accurate real-time data, facilitating monitoring and data
storage for further analysis. This system can be further developed to include

automatic notification features and increased data logger capacity.

Keywords: Air quality, ESP32, Internet of Things (1oT), Real-time monitoring,
Gas sensor
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