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ABSTRAK

ANALISIS SISTEM INTERNET OF THINGS (I0T) BERBASIS ESP
UNTUK PENGATURAN KELEMBAPAN PERTUMBUHAN TANAMAN DI
BANJARBARU

(Oleh: Muhammad Alfitrian Ananda; Pembimbing: Dodon Turianto Nugrahadi,
S.Kom, M.Eng, dan Andi Farmadi, S.Si, M.T; 2025; 59 halaman)

Pengelolaan penyiraman tanaman luar ruangan di Banjarbaru menghadapi
tantangan berupa suhu lingkungan yang tinggi serta kelembapan tanah yang
fluktuatif. Penelitian ini berfokus pada perancangan dan implementasi sistem
perangkat lunak berbasis Internet of Things (IoT) untuk mendukung pengaturan
kelembapan pertumbuhan tanaman melalui mekanisme penyiraman berbasis spray
secara otomatis. Sistem dibangun menggunakan perangkat berbasis ESP yang
dilengkapi sensor suhu dan kelembapan tanah, serta didukung oleh aplikasi backend
berbasis web yang berperan sebagai decision engine dalam pengolahan data,
pengambilan keputusan, dan pencatatan riwayat penyiraman. Metode Fuzzy
Mamdani diimplementasikan sebagai engine pengambilan keputusan di sisi server,
di mana proses fuzzifikasi, inferensi, dan defuzzifikasi dilakukan berdasarkan data
sensor yang tersimpan dalam basis data. Seluruh konfigurasi fuzzy, termasuk
variabel, himpunan keanggotaan, aturan, dan pemetaan output, dirancang secara
terstruktur dan dikelola melalui basis data sehingga sistem dapat dikonfigurasi dan
dikembangkan secara terpusat tanpa memerlukan perubahan langsung pada
perangkat keras sensor dan aktuator. Data riwayat penyiraman yang digunakan
dalam penelitian ini berjumlah 31.607 record dan dianalisis melalui sistem IoT serta
simulasi ulang menggunakan Python Colab sebagai pembanding. Evaluasi
dilakukan melalui analisis inferensi fuzzy, defuzzifikasi centroid, serta pengujian
kesesuaian menggunakan metrik MAE, RMSE, persentase durasi identik, dan
analisis himpunan output. Hasil penelitian menunjukkan bahwa sistem Fuzzy
Mamdani mampu menghasilkan keputusan durasi penyiraman spray yang bersifat
gradual dan adaptif terhadap kondisi lingkungan. Perbandingan antara sistem [oT
dan simulasi Python Colab menunjukkan tingkat kesesuaian yang tinggi dengan
nilai MAE sebesar 0,5222 detik, RMSE sebesar 2,5968 detik, persentase durasi
identik sebesar 86,11%, serta kesesuaian aturan fuzzy sebesar 100%. Perbedaan
yang terjadi pada sebagian kecil data disebabkan oleh faktor numerik pada proses
defuzzifikasi, bukan oleh perbedaan logika aturan. Dengan demikian, sistem loT
berbasis ESP yang dikembangkan efektif dalam pengelolaan penyiraman otomatis
berbasis spray serta menunjukkan penerapan prinsip rekayasa perangkat lunak
terintegrasi pada sistem otomasi pertanian berbasis IoT.

Kata kunci: IoT, ESP, Fuzzy Mamdani, sistem perangkat lunak, penyiraman

otomatis, spray tanaman



ABSTRACT

ANALYSIS OF AN ESP-BASED INTERNET OF THINGS (IoT) SYSTEM
FOR CONTROL OF PLANT GROWTH HUMIDITY IN BANJARBARU
CITY

(By : Muhammad Alfitrian Ananda; Pembimbing: Dodon Turianto Nugrahadi,
S.Kom, M.Eng, and Andi Farmadi, S.Si, M.T; 2025; 59 halaman)

Outdoor plant watering management in Banjarbaru faces challenges due to high
ambient temperatures and fluctuating soil moisture levels. This research focuses on
the design and implementation of an Internet of Things (loT)-based software system
to support automatic plant growth moisture control through a spray-based watering
mechanism. The system utilizes ESP-based devices equipped with temperature and
soil moisture sensors and is supported by a web-based backend application that
functions as a centralized decision engine for data processing, decision-making, and
watering history management. The Mamdani Fuzzy Method is implemented as a
server-side decision engine, where fuzzification, inference, and defuzzification
processes are performed based on sensor data stored in the database. All fuzzy
configurations, including variables, membership functions, rule bases, and output
mappings, are structured and managed through the database, allowing centralized
configuration and system development without requiring direct modifications to the
hardware code of sensors and actuators. The watering history dataset used in this
study consists of 31,607 records and is analyzed through the IoT system and
recalculated using Python Colab simulations for comparison. Evaluation was
conducted through fuzzy inference analysis, centroid defuzzification, and suitability
testing using MAE, RMSE, percentage of identical durations, and output set analysis.
The results indicate that the Mamdani Fuzzy System produces gradual and adaptive
spray watering duration decisions based on environmental conditions. The
comparison between the IoT system and Python Colab simulation demonstrates a
high level of agreement, with an MAE of 0.5222 seconds, an RMSE of 2.5968
seconds, an identical duration percentage of 86.11%, and a fuzzy rule agreement of
100%. Minor discrepancies were caused by numerical factors in the defuzzification
process rather than differences in rule logic. Therefore, the developed ESP-based
IoT system is effective for automatic spray-based watering management and
demonstrates the application of integrated software engineering principles in loT-
based agricultural automation systems.

Keywords: : loT, ESP, Mamdani Fuzzy, software system, automatic watering,
plant spray system
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