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Abstract

The evolution of smart agriculture is expanding with the use of new technologies such as the Internet of Things
(loT). One of the key areas in this regard is the design and development of smart systems for optimal management
in orchards. Choosing the right communication solution is considered as one of the key factors in the success
of loT-based smart orchard systems. The diversity of low-power and long-range communication technologies has
presented decision-making in this area with challenges such as differences in communication range, data rates,
latency, energy consumption, operator infrastructure dependency, regulatory considerations, and implementation
costs. In this study, three low-power loT communication solutions, including LoRaWAN, NB-1oT, and Wi-Fi HaLow,
were subjected to comparative evaluation with a focus on smart orchard applications. To this end, while introducing
and examining the strengths and limitations of each solution, a technical comparison was conducted in terms of
network type, frequency band, communication range, data rate, latency, energy consumption, network topology,
and infrastructure ownership. Then, in a practical analysis, criteria such as coverage of large-scale orchards,
operator dependency, ease of maintenance, scalability, and support for real-time data exchange were examined.
The results showed that LoRaWAN is suitable for widespread and low-power monitoring in large-scale orchards
without communication infrastructure; NB-1oT is suitable for systems requiring scalability and management based
on operator infrastructure, and Wi-Fi HaLow is more suitable for local control and management scenarios requiring
higher data rates and lower latency, provided that a stable energy source is available. Finally, to facilitate decision-
making during the system design phase, a preliminary decision-support framework based on a decision tree was
presented that transforms the results of technical comparison into a practical tool for selecting a communication
solution in real smart orchard projects. Informed selection of a communication solution appropriate to the
implementation conditions and project requirements can optimize energy consumption, reduce costs, and improve

network stability in smart orchard systems.

Keywords: Internet of Things, LORaWAN, Low-power Communication Technologies, NB-1oT, Precision Farming,
Smart Agriculture, Smart Orchard, Wi-Fi HaLow.



