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ABSTRAK 

Sistem hidroponik berbasis Internet of Things (IoT) memungkinkan pemantauan 

nutrisi tanaman secara real-time, namun penggunaan perangkat yang bekerja secara 

kontinu menyebabkan konsumsi energi menjadi tinggi. Penelitian sebelumnya 

umumnya menerapkan mekanisme deep sleep secara statis tanpa 

mempertimbangkan perubahan kebutuhan nutrisi tanaman, sehingga efisiensi 

energi belum optimal. Penelitian ini bertujuan untuk mengembangkan penjadwalan 

deep sleep adaptif berbasis prediksi Long Short-Term Memory (LSTM) guna 

meningkatkan efisiensi energi pada sistem IoT hidroponik tanpa mengganggu 

kestabilan nutrisi tanaman. Objek penelitian berupa sistem hidroponik selada 

berbasis ESP32 dengan parameter utama Total Dissolved Solids (TDS). Data TDS 

dikumpulkan setiap 5 menit selama 15 hari dan menghasilkan 4.320 data deret 

waktu. Model LSTM digunakan untuk memprediksi nilai TDS dan menentukan 

durasi deep sleep perangkat secara adaptif berdasarkan perubahan nutrisi yang 

diprediksi. Kinerja model dievaluasi menggunakan Root Mean Square Error 

(RMSE), sedangkan efisiensi energi dianalisis melalui perbandingan konsumsi 

daya sebelum dan sesudah penerapan sistem adaptif. Hasil penelitian menunjukkan 

bahwa model stacked LSTM mampu memberikan performa prediksi yang baik 

dengan nilai RMSE terendah sebesar 16,83 ppm pada konfigurasi 64–32 unit, 

window size 48, dan 150 epoch. Implementasi deep sleep adaptif berhasil 

menurunkan konsumsi energi dari 17,078 Wh menjadi 1,642 Wh dengan tingkat 

efisiensi sebesar 90,39%. Temuan ini menunjukkan bahwa integrasi LSTM dan 

mekanisme deep sleep adaptif efektif dalam meningkatkan efisiensi energi sistem 

IoT hidroponik sekaligus mempertahankan kestabilan pemantauan nutrisi tanaman. 

Penelitian ini berimplikasi pada pengembangan sistem pertanian cerdas yang lebih 

hemat energi, adaptif, dan berkelanjutan. 

Kata kunci: Deep sleep Adaptif, Efisiensi Energi, Hidroponik, Internet of Things 

(IoT), Long Short-Term Memory (LSTM), Total Dissolved Solids (TDS).  
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ABSTRACT 

Internet of Things (IoT)-based hydroponic systems enable real-time monitoring of 

plant nutrient conditions; however, continuous device operation leads to high 

energy consumption. Previous studies generally implemented static deep sleep 

mechanisms without considering changes in plant nutrient requirements, resulting 

in suboptimal energy efficiency. This study aims to develop an adaptive deep sleep 

scheduling mechanism based on Long Short-Term Memory (LSTM) prediction to 

improve energy efficiency in IoT-based hydroponic systems without disrupting 

nutrient stability. The research object was an ESP32-based lettuce hydroponic 

system using Total Dissolved Solids (TDS) as the main parameter. TDS data were 

collected every 5 minutes for 15 days, producing 4,320 time-series data points. The 

LSTM model was used to predict TDS values and determine adaptive deep sleep 

durations based on predicted nutrient changes. Model performance was evaluated 

using Root Mean Square Error (RMSE), while energy efficiency was analyzed by 

comparing power consumption before and after implementing the adaptive system. 

The results showed that the stacked LSTM model achieved good predictive 

performance with the lowest RMSE value of 16.83 ppm using a 64–32 architecture, 

a window size of 48, and 150 training epochs. The implementation of adaptive deep 

sleep successfully reduced energy consumption from 17.078 Wh to 1.642 Wh, 

achieving an energy efficiency of 90.39%. These findings indicate that integrating 

LSTM with an adaptive deep sleep mechanism effectively improves the energy 

efficiency of IoT-based hydroponic systems while maintaining nutrient monitoring 

stability. This study contributes to the development of more energy-efficient, 

adaptive, and sustainable smart farming systems. 

Keywords: Adaptive Deep sleep, Energy Efficiency, Hydroponics, Internet of 

Things (IoT), Long Short-Term Memory (LSTM), Total Dissolved Solids (TDS). 
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