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RANCANG BANGUN IOT NODE UNTUK PENINGKATAN
EFISIENSI DAYA PADA SISTEM MONITORING

PERTANIAN SALAK

Muhammad Fathan Ridhwan

ABSTRAK

Kebutuhan akan data mikroklimat hiperlokal yang akurat untuk memprediksi
serangan hama pada pertanian salak di Sleman, Yogyakarta, terkendala oleh
kegagalan ketahanan daya pada desain sebelumnya. Node V1, yang rata-rata hanya
mampu beroperasi selama 60 hingga 77.6 hari karena konsumsi daya yang boros
(rata-rata 62.84 mW) akibat inefisiensi komponen siap pakai (seperti regulator
AMSI1117 dan linear charger CN3065), implementasi deep sleep yang belum
optimal, dan power gating yang terbatas. Penelitian ini mengajukan solusi MySalak
V2, sebuah perancangan ulang fundamental pada arsitektur yang sepenuhnya
terintegrasi pada PCB custom, menggunakan mikrokontroler STM32U585 ultra-
low-power, sistem pengisian daya MPPT CN3791 yang efisien, dan penerapan
arsitektur true power-off yang dikontrol oleh timer eksternal TPL5111 dan /oad
switch TPS22918 untuk memutus total daya pada semua peripheral, menghilangkan
quiescent current selama mode standby. Validasi dilakukan melalui pengujian
komparatif kuantitatif yang mencakup pengukuran profil konsumsi arus di
laboratorium menggunakan nRF PPK2 untuk mendapatkan estimasi masa pakai
teoretis, serta pengujian operasional lapangan selama lebih dari 31 hari di lingkungan
dengan cahaya optimal dan naungan vegetasi lebat untuk membandingkan ketahanan
daya operasional. Hasil pengujian laboratorium menunjukkan bahwa arsitektur node
V2 mencapai pengurangan konsumsi daya rata-rata sebesar 99.20%, menjadikannya
125.68 kali lebih efisien daripada V1, dengan proyeksi masa pakai baterai meningkat
dari 17 hari menjadi 2158 hari. Keunggulan ini terkonfirmasi di lapangan. Dibawah
kondisi vegetasi lebat, node V1 mengalami kegagalan daya total (terkuras hingga
cut-off 2.5V) dalam waktu 15 hari, sementara V2 tetap beroperasi stabil serta analisis
slope Theil-Sen menunjukkan laju pengurasan baterai V1 84.5 kali lebih cepat
daripada V2, dan Uji U Mann-Whitney secara statistik membuktikan bahwa
distribusi tegangan baterai V2 secara signifikan lebih tinggi dan stabil di semua
kondisi lingkungan. Kesimpulan dari penelitian ini adalah bahwa rancang bangun
arsitektur node V2 berhasil secara dramatis meningkatkan efisiensi dan stabilitas
daya yang superior, menjamin keberlanjutan operasional jangka panjang untuk
sistem monitoring pertanian jarak jauh.

Kata kunci: /oT Node, Monitoring Pertanian Salak, Optimalisasi Efisiensi
Daya, Desain PCB
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DESIGN OF 10T NODE TO IMPROVE POWER EFFICIENCY

IN SALAK AGRICULTURAL MONITORING SYSTEMS

Muhammad Fathan Ridhwan

ABSTRACT (English)

The need for accurate hyperlocal microclimate data to predict pest
infestations in Salak farming areas in Sleman, Yogyakarta, was hindered by
critical power endurance failures in the previous design. Node V1 operated
for only 60 to 77.6 days on average due to high power consumption (average
62.84 mW). This inefficiency was caused by ready-made component flaws
(such as the inefficient AMS1 117 regulator and CN3065 linear charger), sub-
optimal deep sleep implementation, and limited power gating. This research
proposes the MySalak V2 solution, a fundamental architectural redesign fully
integrated onto a custom PCB. It utilizes the ultra-low-power STM32U585
microcontroller, an efficient CN3791 MPPT charging system, and
implements a true power-off architecture. This is controlled by an external
TPL5111 timer and a TPS22918 load switch to totally cut power to all
peripherals, effectively eliminating quiescent current during standby mode.
Validation was performed through quantitative comparative testing, which
included measuring the current consumption profile in the laboratory using
the nRF PPK2 to obtain the theoretical lifespan estimate, as well as
operational field testing for over 31 days in environments with optimal light
and dense vegetation cover to compare operational power endurance.
Laboratory test results indicate that the V2 node architecture achieved an
average power consumption reduction of 99.20%, making it 125.68 times
more efficient than V1, with the projected battery life increasing from 17 days
to 2158 days. This superior performance was confirmed in the field. Under
dense vegetation cover, the V1 node experienced total power failure (drained
to 2.5V cut-off) within 15 days, while V2 remained stable. Furthermore,
Theil-Sen slope analysis revealed that V1's battery depletion rate was 84.5
times faster than V2, and the Mann-Whitney U Test statistically confirmed
that the battery voltage distribution of V2 was significantly higher and more
stable across all environmental conditions. The conclusion of this study is
that the architectural redesign of Node V2 successfully and dramatically
improved power efficiency and stability, guaranteeing long-term operational
sustainability for the remote agricultural monitoring system.

Keywords: IoT Node, Snakefruit Farm Monitoring, Power Efficiency,
Optimization, PCB Design
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