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Abstract—The proliferation of wireless devices requires flexible
network infrastructures to meet the increasing Quality of Service
(QoS) requirements. Mobile Robotic Platforms (MRPs) acting
as mobile communications cells are a promising solution to
provide on-demand wireless connectivity in dynamic networking
scenarios. However, the energy consumption of MRPs is a
challenge that must be considered to maximize the availability
of the wireless networks created.

The main contribution of this paper is the experimental
evaluation of the energy consumption of an MRP acting as a
mobile communications cell. The evaluation considers different
actions performed by a real MRP, demonstrating that energy con-
sumption varies significantly with the type of action performed.
The results obtained pave the way for optimizing MRP movement
in dynamic networking scenarios, maximizing wireless network’s
availability while minimizing the MRP energy consumption.

Index Terms—6G, Energy Consumption Characterization, Mo-
bile Communications Cell, Mobile Robotic Platform.

I. INTRODUCTION

In recent years, society’s need for wireless network con-
nectivity has grown exponentially. Simultaneously, the 6G
paradigm is emerging, paving the way for widespread usage of
immersive applications and wireless devices connected to each
other, including sensors, actuators, wearable devices, remotely
controlled robots, and autonomous vehicles, operating any-
time, anywhere [1-4]. With the increasing number of wireless
devices and the emergence of online services and applications,
reinforcing wireless network infrastructures to meet the in-
creased Quality of Service (QoS) requirements has become
necessary. This has motivated the use of communications
cells carried by Mobile Robotic Platforms (MRPs) to restore
and enhance wireless connectivity on-demand in locations
with limited coverage and capacity [5]. This is especially
relevant in temporary events, such as disaster management
scenarios depicted in Fig. 1, which occur unexpectedly and for
short periods, making the deployment of permanent wireless
network infrastructures impracticable and non-cost-effective.

A critical challenge when deploying mobile communica-
tions cells compared with fixed networks is the MRPs’ en-
durance. Since MRPs are not permanently connected to the
electrical grid, they rely on their on-board batteries, which may
deplete quickly. For this reason, MRPs typically need periodic
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Fig. 1: Mobile communications cell providing on-demand
connectivity to wireless devices in a disaster management
scenario.

battery recharges; this limits the availability of the wireless
networks created. MRPs acting as mobile communications
cells consume energy for two main tasks: communications
and movement. While the energy spent on communications is
typically minimal, the energy spent for movement is substan-
tial. Previous research on Unmanned Aerial Vehicles (UAVs)
concluded that power consumption varies with movement: it
decreases at low speeds compared to hovering and increases at
higher speeds. Consequently, hovering is not the most energy-
efficient state for UAVs [6]. Still, research works on MRPs
acting as communications cells are focused on reducing energy
consumption for communications rather than movement [7],
leaving a gap in understanding the energy dynamics associated
with movement.

Characterizing the energy consumption associated with each
type of MRP movement will enable selecting the most energy-
efficient movements for deploying mobile communications
cells. This aspect is especially relevant when MRPs move
to adjust their positioning and improve wireless connectivity
offered, while accommodating factors such as the mobility of
wireless devices and dynamic obstacles that may potentially
obstruct signal propagation.

The main contribution of this paper is the experimental
evaluation of the energy consumption of an MRP acting as a
mobile communications cell. Our evaluation characterizes the
energy associated with different MRP actions. Our findings are
especially relevant for maximizing battery longevity per cycle
and improving the availability and endurance of wireless net-
works created by MRPs, particularly in dynamic networking
scenarios where MRPs adjust their positioning to improve the
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wireless connectivity offered. Ultimately, the results presented
in this paper will enable the selection of energy-efficient
movements, paving the way for MRPs to achieve minimal
energy consumption and maximum endurance.

The rest of this paper is organized as follows. Section II
details the system specification. Section III explains the exper-
imental energy consumption evaluation carried out, including
the obtained results. Section IV discusses the results obtained
and the main limitations of the performance evaluation con-
ducted. Finally, Section V presents the main conclusions and
directions for future work.

II. SYSTEM SPECIFICATION

The MRP used in this research work was Unitree Gol
Edu [8]. It is a quadruped robot developed for research
and development of autonomous systems in transportation
and human interaction. This MRP can be controlled by a
remote-controlled wireless command or using an Application
Programming Interface (API), enabling control of the MRP
movement via Hypertext Transfer Protocol (HTTP). This MRP
weighs approximately 12 kg and has a payload capacity up to
5 kg, making it suitable to carry a communications node, such
as a Wi-Fi Access Point or cellular Base Station.

The MRP’s battery was a lithium-ion battery with a rated
capacity of 4500 mAh, a rated voltage of 21.6 V, and a limit
charge voltage of 25.2 V. The battery is charged using the
charging base depicted in Fig. 2. The charging base also
measures the voltage of each cell and the state of charge of
the battery, expressed by (1). The measurements were made
through a software application provided by Unitree, depicted
in Fig. 3. It provides the voltage of each of the nine battery
cells, total voltage, battery temperature, charging cycle and
state of charge.

Remaining Capacity % 100 (1)

State of Charge (%) = Total Capacity

Fig. 2: MRP’s battery charging base.

III. EXPERIMENTAL ENERGY CONSUMPTION EVALUATION

In order to characterize the energy consumption of the MRP,
four reference actions were assessed:

1) Lay down position. As shown in Fig. 4, this is the most
stable position, with the entire MRP in contact with the
ground. It does not exert any significant strain on the
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Fig. 3: Unitree’s application interface used to perform exper-
imental measurements on the MRP’s battery.

motors, requiring mainly power for the operation of the
onboard computing unit.

2) Crouch position. As depicted in Fig. 5, the MRP has its
limbs tucked in, requiring some effort from the motors
to counteract the force of gravity.

3) Standing position. As illustrated in Fig. 6, the MRP’s
limbs are fully extended. The motors must work to
counteract gravity and maintain the MRP’s balance.

4) Forward walk. This is the most demanding action
among the four studied. It requires the most effort from
the motors to move forward and maintain an upright
position (cf. Fig. 6). Additionally, the motors must work
to keep the MRP balanced while moving at a constant
speed of 0.4 m/s.

The energy consumption measurements were carried out by
following these steps:

1) Installation. The battery was placed on the charging
base and a Universal Serial Bus (USB) cable was
connected between the charging base and a computer.

2) Software Execution. Custom software was used to
extract battery state measurements from the Unitree
application, following these steps:

o Initiation. The Unitree application was launched
and the appropriate configuration for the measure-
ments was selected.

« Configuration. MRP’s battery power button was
pressed once, followed by the Enter key in the
terminal.

« Data Collection. The custom software was used to
retrieve the values from Cell to Cell9 (cf. Fig. 3),
as well as Cycle, and state of charge (SoC) fields.

3) Action Performance. A given action (laying down,
crouching, standing, or forward walk) was executed by
the MRP and its duration was measured.

4) Iteration. In order to ensure statistical variability, the
process was repeated until significant battery discharge
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Fig. 6: MRP standing.

hindered further iterations.

After the data collection was complete, the experimental
values, including the state of charge and the voltage of each
individual battery cell, were processed to fit into mathematical
models. By applying (1) and multiplying the resulting value
by the combined voltage for all battery cells, it was possible
to estimate the remaining energy in the battery, expressed in
Watt-hour (Wh). The energy consumption for a given action
was then determined by comparing this value with the energy
remaining from the previous iteration, subtracting the latter
from the former. The graphics resulting from all measurements
for the different actions are depicted in Fig. 7. The energy
consumption is lower when the MRP is in the lay down
position, as this position allows the MRP’s motors to be
under the least strain, avoiding the need for balancing and
movement actions (cf. Fig. 7a). Conversely, the most energy-
intensive action is the forward walk movement at a constant
speed, as it requires the displacement of the MRP, introducing
greater operational demand on the motors. This movement
also demonstrates the most variable energy consumption, as
shown in Fig. 7d, due to the continuous adjustments required
to ensure the MRP’s balance. The energy consumption for
the remaining two actions is of the same order of magnitude,
mainly due to the minor balance adjustments required by the
MRP.

Considering the time measured for each iteration, the av-
erage power used during each action was computed by (2).
Additionally, taking into account the average power for each
iteration, the overall average power was derived. The obtained
values are presented in Table I. Table I can be used as a
reference for estimating the energy consumption associated
with complex actions, achieved by decomposing them into
combinations of the four elementary measured in this research
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(a) Energy consumption in laying down position.
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(c) Energy consumption in standing position.
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(d) Energy consumption in the forward walk at a constant speed
of 0.4 m/s.

Fig. 7: Energy consumption for various actions and their
respective durations.

work. It is worth noting that the energy consumption asso-
ciated with each action was determined by considering the
action’s duration, as expressed in (3). The results, obtained for
different action durations using (3) and taking into account the
linear regressions derived from experimental data in Fig. 7, are
presented in Table II. It is important to note that the power
consumption data was sampled over different durations for
each activity.

FEnergy consumed

At 2)

Average Power =
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AveragePower x At

Consumed Energy = 3600 3)
Laying . . Forward
down Crouching Standing walk

Average
Power 62.99 150.14 138.58 344.65
(W)

TABLE I: Average power spent on each action.

IV. DISCUSSION

The experimental results presented in this paper allow
assessing the power consumption for different actions of an
MREP acting as a mobile communications cell. Assessing how
each action influences overall energy usage and the endurance
of an MRP is crucial in the context of wireless networks,
particularly in dynamic networking scenarios that require the
repositioning of the MRP over time.

The energy consumption characterization illustrates that
energy consumption changes significantly with the type of
action performed by the MRP. As shown in Table II, the energy
spent during the forward walk was the highest, followed by
crouching, standing, and laying down. It is worth noting that
stationary actions, such as laying down and crouching, con-
sume substantially less energy compared to dynamic actions
such as forward walk.

The information on the average power spent during different
actions can be used to optimize the MRP movement. In
particular, the ability to extrapolate the energy usage for
complex movements based on combinations of the four studied
elementary actions allows defining targeted actions for an
MRP to maximize the wireless network’s availability while
minimizing the MRP’s energy consumption.

Our research work has some limitations that may be ad-
dressed in future work. First, the collection of a larger exper-
imental dataset with more iterations for each type of action is
worth considering. Additionally, as the four actions analyzed
do not fully represent all complex MRP movements, further
measurements may be conducted to account for additional
MRP actions. These include sideways movements, obstacle

! Energy Consumed (Wh)

Z;xration ]Bia Illlg Crouching Standing g;);lzard
30 0.52 1.25 1.15 2.87

60 1.05 2.50 2.31 5.74
120 2.10 5.00 4.62 11.49
180 3.15 7.51 6.93 17.23
200 3.50 8.34 7.70 19.15
600 10.50 25.02 23.10 57.44

TABLE II: Evolution of energy consumption over time for all
actions.
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avoidance, evaluating varying speed values for forward move-
ment, and considering movements across irregular terrains.
The research work presented in this paper provides reference
experimental values for characterizing the energy spent by
MRPs. The results may be considered to formulate energy-
aware MRP positioning approaches, in order to improve
energy efficiency and endurance. Ultimately, this leads to
enhanced availability of wireless networks enabled by MRPs.

V. CONCLUSIONS

A challenge when deploying mobile communications cells
using MRPs is their availability. As MRPs are not permanently
connected to the electrical grid, they rely on on-board batteries,
which may quickly run out of power. As such, the characteri-
zation of MRP energy consumption is crucial to enable more
energy-efficient MRP movements.

In this paper, we present the experimental evaluation of the
energy consumption of an MRP. The evaluation considered
different actions performed by a real MRP, showing that
energy consumption varies significantly with the type of action
performed. By characterizing the energy requirements associ-
ated with different actions, MRP positioning can be optimized,
extending its endurance and improving the availability of the
wireless networks created.

For future work, it is worth enlarging the experimental
dataset by increasing the number of iterations for each type of
action and incorporating additional types of actions, such as
sideways movements and movements over irregular terrains.
This will pave the way for creating more accurate and generic
energy consumption models.
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