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Abstract In this paper, an innovative mobile and sustainable robot for precision
agriculture, named “Agri.q”, is presented. Characterized by a peculiar mechanical
architecture and provided with specific sensors and tools, the Agri.q is able to operate
in unstructured agricultural environments in order to fulfill several tasks as mapping,
monitoring, and manipulating or collecting small soil and leaf samples. In addition,
the rover is equipped with a top platform covered with solar panels, whose orientation
can be exploited both to maximize the sunrays collection during the auto-charging
phase and to permit a drone landing over a horizontal surface, regardless of the ground
inclination. A particular attention to energy consumptions and sustainability has
driven the mechanical design of the Agri.q powertrain: the weight reduction results
into a limited number of small size locomotion motors, enhancing the importance
of the harvested solar energy on the energy balance of the whole system. In this
paper, all these characteristics are described and analyzed in detail. Moreover, some
preliminary tests aimed at evaluating the energetic behaviour of the rover under
different working and weather conditions are presented.
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6.1 Introduction

Precision agriculture aims at improving the sustainability of agricultural production
by taking advantage of specialized technological equipment. As a side effect, also
profitability and efficiency turn conveniently enhanced [1]. In a few words, the whole
precision agriculture paradigm can be summarized in applying ‘the right treatment
in the right place at the right time’ [2]. Many relevant studies demonstrated in the
recent past the beneficial effect of such paradigm on environment and economics
[3, 4]. The interest demonstrated by private producers and governments is then well
understandable. In this technological transition, robotics and automation perform
a leading role, which can profit of the advancements of decades of research. Those
technologies will produce a significant thrust in the modernization of the agricultural
production. Many examples of re-adaptation of agricultural machines are available
in the literature: Wang et al. [5], and later Zaman et al. [6], focused on the use
of advanced navigation systems; in [7] a cooperative system of aerial and ground
vehicles is used for monitoring tasks; Khaliq et al. [8] approached the problem
under the point of view of trajectory planning using multispectral imagery. Aside
such interesting advancements in the field of control, few examples are available of
machines designed to fulfill some specific requirements. Among others, [9] and [10]
present two innovative ground robotic units for automated harvesting, while in [11]
an aerial robot for mango harvesting is proposed. As a matter of fact, one of the
most important features that an autonomous robot should have is to work without
human intervention as long as possible. Then, the use of solar panels can allow the
robot to have a high exploration capability in open spaces. Many studies focused on
motion planning and control to reduce the energy consumption [12, 13], better than
increasing the stored energy. At present, two main strategies are in use for battery
recharging, based on board solar panels [14] and off board stations [15].

In this scenario, the researchers of the Politecnico di Torino developed a novel
wheeled UGV named Agri.q (shown in Fig. 6.1) tailored on precision agriculture
tasks and specifically designed for monitoring and sampling of crops and soil [16—
18], especially for vineyard cultures. The rover is a small size (approximately 1 m
x 2m x 0.7 m) electric vehicle designed to operate in unstructured environments,
to move through the rows of grapes and to cooperate with aerial drones. Moreover,
it is equipped with a robotic arm to accomplish sampling tasks. The Agri.q mobile
rover has been equipped with an orientable platform covered with solar panels, with
the aim of enhancing the battery runtime and therefore the duration of the missions
executable by the rover.

6.2 Prototype Description

The actuators of the modular locomotion systems have been carefully chosen consid-
ering, as the most burdening condition, a slope of about 15° to be overcome with only
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Fig. 6.1 Prototype of the Agri.q mobile robot

two front traction motors (namely the two front driving units) at a maximum speed
of about 5 km/h. To achieve such goal, the transmission of each unit is composed by
an electric brushless DC motor, connected to a planetary gearbox. A further speed
reduction is then provided by a chain system between the gearmotor and a pair of
wheel (front left or front right). Some details on the adopted mechanical compo-
nents are provided in Table 6.1. Each gearmotor unit is also provided with an electric
parking brake.

In addition, the rover is equipped with two rear locomotion units that are used only
when the slope exceeds 15% or when the adherence condition requires to pass from
the 2 to the 4 driving units architecture; in this second case, the power transmission
is distributed to the eight wheels in contact with the soil (Fig. 6.2).

The powertrain layout was completed by a battery able to feed the adopted loco-
motion systems, and by a solar panel whose dimension was reasonably chosen to
ensure the recharge of the battery during the idle time between missions. Details
about the rechargeable battery are provided in Table 6.2.

The solar panel was chosen to meet the needs deriving from the mobile application.

In particular, two flexible light-weighted panels were installed, able to guarantee
an adequate recharging capability without affecting the robot dynamics with an exces-
sive weight. Some technical details are shown in Table 6.3 and Fig. 6.3. The data
refers to a perpendicular solar irradiation of 1000 W/m? at the working temperature
of 25°.
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Table 6.1 Front and rear
driving modules functional
parameters

(a)

Fig. 6.2 Usage of the orientable upper panel during solar recharge (a) and for safe drone landing

(b)

Table 6.2 Battery technical
specifications

G. Quaglia et al.

Front driving Rear driving

units units
Motor Py Nom 120W 120W
nominal
power
Motor CM, Nom 0.38 Nm 0.38 Nm
nominal
torque
Motor WM, Nom 3000 rpm 3000 rpm
nominal
speed
Motor 1M Nom 10A 10A
nominal
current
Motor Im Max 20A 20A
maximum
current
Motor torque | K; 0.055 Nm/A 0.055 Nm/A
constant
Gearbox 71 1:15.88 1:28.93
reduction
Chain system | 7o 1:3 1:1
reduction
Total T 1:47.64 1:28.93
reduction
Wheels rw 0.200 m 0.200 m
radius

Battery voltage

29.7V

Maximum current

128 A

Battery capacity

56 Ah

Total stored energy

4.84MJ
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Table 6.3 Solar panel technical specifications

Peak power 154 W Maximum tension 18.2V
Dimensions 1046 mm x 996 mm Maximum current 85A
Mass 2.40kg Working temperature —45/4+85°C

6.3 Photovoltaic Potentiality of the Agri.q

As well known, solar tracking strategies can substantially increase the efficiency of
the energy harvesting capability of a solar panel (up to 40%). In general, the idea is
to optimize the direct absorption of the solar radiation by reorienting the panels so
that the sunrays turn to be perpendicular to them [19].

In order to get an effective solar tracking, the rover can take advantage of two
expressly conceived degrees of freedom able to orientate the upper platform around
two independent axes. In particular, the pitch and the roll angles of the solar panel can
be modified (as shown in Fig. 6.4a), so that the reference frame & — v — ¢ solid with
the panels assume a non-identical rotation matrix with respect to the rover reference
frame x—y — z.

As shown in [16-18], the Agri.q upper plane pitch mechanism can provide a
rotation of y = —5°/ + 40°. The plane can also roll of «g = —20°/ 4 20°. Such
degrees of freedom can orientate the solar panels so that the perpendicular unit vector

g is:
¢ =R,(y)R(ap)[001] (1)

where R, (y) and R, (ag) represent two rotation matrices respectively around the
y and the x axes of the reference frame x—y — z. These ranges of rotation allow the
rover to point the solar panels towards a relevant section of the sky (red spherical
cap in Fig. 6.4b). The minimum pointing angle ¢, that the platform can perform is
Ymin = 46.04°.

Moreover, thanks to its maneuverability in the plane x—y, the rover can assume
whatever orientation around the axis z, so increasing the number of possible poses
of the platform. Figure 6.3b shows through the gray spherical cap the reachable
orientations of the solar panel.

6.4 Consumptions Estimation

The average power consumption can be estimated monitoring the mechanical power
absorbed by the front left (W) and right (Wgp) traction motors in different condi-
tions. In the following, four tests are analysed (see Fig. 6.5): Test 1 to 3 refer to
straight trajectories on non-sloped surfaces at different velocity levels (details are
shown in Table 6.4), while Test 4 refers to a constant curvature trajectory. Aside the



G. Quaglia et al.

86

A/AT0001
/M 008

/M 009

WM 00F

/M 00T

A4/ 001

Jomod JUapPIOUT JB[OS JO S[OAR] JUIJJIP e sjoued orejjorojoyd ay) Jo oNsSHIOLIEYD A3eI[0A/JUSLIND) €9 “SI]

A ‘uoisuap
87 vl 1 01 3 9 4 T 0

00
01
0T
0¢ m
0y =
0¢
09
0L



87

6 Agri.q: A Sustainable Rover for Precision Agriculture

querd [ejuozrioy 9y 03 30adsar Yy renorpuadiad sjoued oy Jo uoneurour wnwiurw q pue uope(d oddn b'usy oyl jo uoneiuoLIoNY B $°9 “S1g

——__aueyd [puozuoy




G. Quaglia et al.

88

SUONIPUOD SN JUSIAJJIP UT painseawr Jomod [BoTUBYIR 69 Sy

s faw,

< 4 £ 4

\/_.\./\/))\‘ .,.r\./\/.\(,..e../.[ Ry

N

]

M- - L gy .5_.__.5| 2 M ,_.«.5 f.}» 5—__.5|
o0&l =
yred pasana - § )5y, ANIOPA WNWIXBW - § )52,
s ), §aun
3 £ 4 I 0s- s 4 £ 4 |
S e v eV e SV g ___1)

100 M—

n_u; v:g

M 1amog

T . o a0

.—..u._.»?.fl

0s-

ANa0pa wnpaw - 7 18]

AN0]aA MO] - | 153

0¢1

A 1amog



6 Agri.q: A Sustainable Rover for Precision Agriculture

Table 6.4 Velocity, torque and power measurement for tests of Fig. 6.5

89

Test 1 Test 2 Test 3 Test 4
Velocity 2.15km/h 3.2km/h 4.7km/h 2.00 km/h
Mean motors torque 0.91 Nm 0.93Nm 0.94 Nm 0.25Nm
Mean motors power 30.94 W 66.28 W 78.19W 74.14 W

mechanical power of the left and right driving units, also the global power absorp-
tion Wy o7 and the mean value W are shown. A combination of such experimental
tests can be used to estimate the average energy consumption of the rover during
an actual monitoring mission. By simply mediating the registered powers, a mean
value of 62.4 W is obtained. Such a value should be properly increased to take into
consideration slopes, different possible levels of terrain roughness, and even the case
in which all the four driving units (both front and rear) are needed. Moreover, the re-
orientation actuators and the electronic hardware are expected to increase the power
absorption too. As also evicted in the following, an average consumption of about
90 W is an acceptable approximation.

As a further consumption estimation proof, some numerical data obtained during a
two hours mission of the rover are reported. The tested duty cycle included almost all
the working conditions reasonably foreseeable during a standard monitoring mission:
paths on non-sloped uneven terrains, curves, slopes (of about 10° approached both
with only the front locomotion units activated and with all the four units active),
reorientations of the solar panels, etc. This wide use scenario resulted in the energy
consumption reported in Table 6.5. A total consumption of 179.5 Wh, corresponding
to 0.65 MJ, was recorded. Taken into account the tested mission duration, it corre-
sponds to a power absorption of approximately 89.75 W; therefore, the 13.35% of
the whole battery energy was used. A similar result can also be inferred from data
on the used battery capacity: 6.54 Ah on a total capacity of 56 Ah, corresponding to
the 11.71%. Even in terms of peak current, the powertrain turns to be well sized on
the rover needs: the maximum value, recorded along a slope of 10° approached at
the maximum rover velocity with all the four driving units active, is 24.19 A, which
is well lower than the maximum battery current (128 A).

Table 6.5 Energy and electric parameters recorded during a two hours mission

Time Voltage | Actual Actual power | Used charge Used energy
current

0h 00’ 2895V |0A ow 0 Ah 0Wh
0h30 2850V | 0.97 A 27.9W 3.86 Ah 106.8 Wh
1h0o 28.36V |3.15A 89.3W 5.33 Ah 145.3 Wh
1h30 2847V | 0.94A 26.7TW 5.44 Ah 148.8 Wh
2h 00 2834V | 0.86 A 243W 6.56 Ah 179.5Wh
Peak current: 24.19 A Peak power: 674.1 W Average tension: 27.76 V




90 G. Quaglia et al.

6.5 Concluding Remarks

The exploitation of robotics technologies for precision agriculture applications is
increasingly catching the attention of both research and industrial community, for
it representing a smart and sustainable way to enhance profitability and produc-
tivity. Moreover the sustainable design approach adopted in this research represents
a method to address the technological evolution to the achievement of some Sustain-
able Development Goals, fixed by United Nations in 2015 [20]. The most relevant
SDGs, in this case are 7, affordable and clean energy, 13, Climate action, 15, life on
land. The researchers of the Politecnico di Torino developed a novel wheeled UGV,
named Agri.q, designed for unmanned monitoring and sampling tasks of crops and
soil. This paper focuses on the sustainability features which characterize the robot,
and in particular on its capability to exploit solar renewable energy. The installed
set of photovoltaic panels, in fact, makes available an effective source of energy
that increases the autonomy of Agri.q during operating missions. The panels can
recharge the rover battery in the idle time between the missions, avoiding it to come
back to base for such a reason. The tests showed the behavior of the robot in the most
common use conditions, such as straight and curved paths, and allowed verifying the
effectiveness of the chosen powertrain. Aside that, some details are also provided
about the energy consumption during a reasonable mission-like usage.

Acknowledgements Authors’ acknowledgement goes to the PIC4SeR (PoliTO Interdepartmental
Centre for Service Robotics) which gave support and assistance to this research.
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