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Summary: We performed an energy consumption analysis of a Wireless Sensor Network (WSN) for precision
agriculture using the OpenThread protocol. Focusing on the Raspberry Pi as a border router, we examine strategies
for optimizing power usage through peripheral deactivation and CPU frequency adjustments. A custom real-time
monitoring system based on an Arduino board and Hall-effect sensor measures power consumption under varying
network loads. Experimental results show that lower CPU frequencies do not necessarily reduce power draw and
that increased network size raises energy demands. Findings support energy-aware configurations that prioritize
sleep scheduling and optimized CPU usage for long-term WSN deployment.
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Introduction

Wireless Sensor Networks (WSNs) represent an
efficient and low-cost technology for the monitor-
ing of environmental parameters in agronomical
applications and environmental monitoring [1].
Minimizing the power draw of embedded sys-
tems is critical, as these architectures are typ-
ically intended to operate using renewable en-
ergy sources and potentially in remote areas. Ef-
fective energy management is particularly crit-
ical in battery-powered contexts, where even
modest consumption can significantly affect sys-
tem performance and longevity. The analysis
focused on the Raspberry Pi configured as a
border router, which accounts for a dispropor-
tionately high share of total system energy us-
age. While identifying power-consuming com-
ponents is relatively straightforward, developing
energy-efficient strategies that preserve system
performance is considerably more complex. In
this work, we will investigate the energy con-
sumption performance of a WSN based on the
OpenThread networking protocol for short-range
wireless communication, which claims to provide
lower latency, more efficient routing algorithms,
and easier interconnectivity with other IP-based
networks than other protocols [2].

Experimental setup

Our WSN based on the OpenThread networking
protocol is composed by one border router that
acts as a bridge between the WSN and the ex-
ternal world and collect all sensor data in a local
database, and an increasing number of sensor
nodes that can act as router-nodes, i.e. nodes
that collect sensor data and route the network
messages and end-nodes i.e. nodes that just
send their sensor data to the border router by
the router-nodes. Router and end nodes are im-

plemented by custom hardware [2], whereas the
border router is implemented using a Raspberry
Pi with Raspbian OS. This configuration without
any optimization will be referred as “baseline”.

Peripheral Management

To optimize energy consumption, a targeted
strategy was adopted to deactivate all non-
essential components required for the operation
of the OpenThread daemon. Specifically, the
HDMI ports were disabled, given their redun-
dancy in a headless setup, alongside the Wi-Fi
interface, which was used solely during the de-
velopment phase for SSH access.

CPU Configuration and Energy Dynamics

Besides to deactivate unused board peripherals,
the optimization of the CPU loads can improve
the power consumption. It is generally assumed
that higher clock frequencies lead to increased
power consumption, empirical evidence sug-
gests that this relationship is not strictly linear.
However, Kaup, Gottschling, and Hausheer [3]
suggest that reducing CPU frequency may, in
some scenarios, results in a greater overall en-
ergy usage. To this purpose, we analyzed two
power configuration “baseline” and “low-power”
in the first configuration we disable all unused
peripheral but we do not modify the CPU clock
(1.5 GHz) and governor; in the second configura-
tion, we set CPU clock at 600 MHz, the CPU gov-
ernor has be modified to energy saving mode,
and the arm_boost parameter of the boot file has
be set to avoid the automatic overclock of CPU
and GPU as usual in the Raspberry Pi models.

Profiling Tools and Methodology

A custom monitoring system was developed,
comprising an Arduino board and a Hall-effect
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sensor that allows high-resolution real-time pro-
filing of absorbed power and current (with a res-
olution of 0.01 W and 0.01 A respectively), and
CPU load percentage on a per-second basis.
This solution enables direct, real-time measure-
ment of the Raspberry Pi’s current consumption
and generates corresponding visualizations, with
the capability for live display.

Two scripts were developed to manage the
Raspberry Pi's power-saving configuration. The
first script reduces CPU frequency and disables
all non-critical interfaces, while the second re-
stores the system’s default behavior. Addi-
tional optimizations at boot include disabling the
arm_boost parameter, onboard LEDs, and the
hdmi_blanking option, which otherwise persis-
tently attempts to detect a display interface.

Increasing network configuration

To evaluate the power consumption as function
of the number of the nodes composing the net-
work, a profiling script was initiated, and sensors
were added incrementally. After the arrival of the
first COAP packet from each newly added sen-
sor, a waiting period of approximately one minute
was used to ensure system stabilization. This
setup allows us to analyze power consumption
as a function of both time and network size.

Results

In the “baseline” configuration, the Raspberry
Pi consumes 4.4W on average (¢ = 0.01W),
while “low-power” mode slightly increases us-
age to 4.46 W (o = 0.01 W). As shown in Fig. 1,
lower CPU frequencies demand more current for
equivalent workloads, highlighting the need for
sleep-optimized CPU scheduling.
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Fig. 1: Power consumption of two energy profiles.

After establishing this baseline and confirming
better efficiency at higher frequencies, we eval-
uated power use as the network size increased.
Each sensor sends a CoAP request every 2-3s.
Fig. 2 shows power varying from 4.9W to 5.10 W
with six sensors, and standard deviation rising
from 0.04 W to 0.11 W, reflecting, as expected,

the router’s growing workload in terms of data
collection and network management.
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Fig. 2: Power consumption vs number of nodes.

Conclusions

Contrary to common assumptions, operating the
Raspberry Pi border router at lower CPU fre-
quencies does not necessarily yield energy sav-
ings. In fact, higher frequencies offered bet-
ter energy efficiency. Additionally, power con-
sumption scaled with network size, as increased
communication demands from additional sen-
sors led to measurable current fluctuations. Fu-
ture work will focus on profiling the energy con-
sumption of individual sensor nodes and com-
paring the Raspberry Pi’s performance with alter-
native hardware platforms for the border router,
as well as further investigating optimized pe-
ripheral management and CPU sleep strategies,
aiming to identify more power-efficient solutions
for long-term WSN deployment in agriculture.
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