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Dynamic simulation of the adaptive sun tracking system used
for an electric unmanned ground vehicle

C Alexandru

Transilvania University of Bragsov, Romania
E-mail: calex@unitbv.ro

Abstract. In this article, the modeling and simulation of the adaptive sun tracking system used
for an electric unmanned ground vehicle is carried out. The power supply of the vehicle is an
electric one, supported by a photovoltaic (PV) panel with solar tracker, which is positioned on
the upper platform of the vehicle (practically, the tracking system thus defined is one with
mobile base). The main feature of the adaptive tracking mechanism consists in its ability to
correlate the predefined tracking law (which it is designed as system would be one with fixed
base) with the random movement of the vehicle. The mechatronic model contains both
mechanical and electronic (control) elements, being conceived and analyzed in virtual
prototyping environment by using the MBS software package ADAMS.

1. Introduction

The unmanned ground vehicles (UGV) are autonomous robotic systems, without human operator on
board, which are frequently used for applications where human presence is not possible or necessary
(for example, in agriculture or military applications), for various purposes, such as detecting and/or
removing objects, collecting data about the environment, and others [1-3]. These vehicles are usually
electrically driven, the energy being stored in batteries fitted to the vehicle. For long-term operation,
photovoltaic panels can be attached to the vehicle, to provide supplementary energy or to charge the
batteries. Solar tracking mechanisms can improve the conversion system efficiency by maximizing the
incident solar radiation on the panel surface [4-8]. The existing solar trackers are predominantly
mechatronic systems, which integrates mechanical and control components, whose drive is made by
actuators (motors) that are commanded so that to allow a more accurate sun tracking.

The literature reveals many types of solar trackers (more or less complex), in mono-axial and bi-
axial configurations (with one or two degrees of mobility). Usually, the mono-axial systems are used
to track the sun diurnal movement, while the bi-axial systems are able to assure the both movements in
the Earth - Sun system, namely the diurnal and elevation (altitudinal) motions [9-14]. Unlike the most
existing tracking systems, whose base (support) is fixed connected to ground, the tracking mechanism
proposed in this work has mobile base (namely the platform of the unmanned ground vehicle), making
it necessary to adapt (correlate) the predefined tracking law (which it is designed as system would be
one with fixed base) with the random movement of the vehicle. The software package ADAMS has
been used to model and simulate the adaptive sun tracker behavior. Such a virtual prototyping solution
provides important benefits, as pointed out in [15-19]. For this study, only the yaw movement of the
vehicle was taken into account, the PV tracking system being approached in the mono-axial version,
which is derived from an azimuthally system, the axis of the diurnal motion being vertically oriented,
parallel to the axis around which the vehicle yaw occurs (by turning to the left - right).
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2. Tracking system modeling

The design algorithm (flow-chart) of the sun trackers is T TIIRN———
based on building and testing the KinematiC, INVEIrSE [ iu ta v tows sose foien Sotiogs foon s

dynamic, and direct dynamic models, as presented in |
[20]. By going through this algorithm, the sun tracking
mechanism for this work (which is a mono-axial
azimuthally system) has been designed, the virtual
model conceived in ADAMS being shown in Figure 1.

The tracking system contains the vertical pillar (1),
on which the fixed part of the drive motor (based on
worm gear reducer) is mounted, the moving part of the
motor (i.e. the rotor) being coupled to the support frame
(2) of the PV panel (3). The diurnal movement is carried
out by rotating the panel (along with the support on
which it is mounted) around the vertical axis - x.

In the classical variant of tracking system with fixed
base, the pillar is rigidly connected to ground. The
diurnal movement is performed according to a stepping
orientation function, developed so as to ensure an
optimal number of motion steps, with a minimal energy
demand to carry out the sun tracking, what will be found | * s A i.g_.i
in increasing the PV system efficiency. The application )
for this article has been conceived considering the  Figure 1. The MBS model of the mono-
summer solstice day, and the Brasov implementation axial azimutally sun tracker.
area, which actually determines the orientation path.

The angular domain of the diurnal motion is 180°, in the interval y*<[90°, -90°], with the following
actuating timing (in local time): 9.819 (Ay*=21°), 11.439 (Ay*=30°), 12.769 (Ay*=39°), 13.869
(Ay*=39°), 15.199 (Ay=30°), 16.819 (Ay=21°), 21.166 (Ay= -180° - return to the initial position,
after sunset). In ADAMS, the motion law has been modeled by a sum of STEP functions, with the
following format STEP(time, begin at, initial value, end at, final value), in which the time is the
independent parameter, corresponding to the number of motion steps, in respect with the previosly
presented values, as follows (where d indicates that the value is in degrees):

F =STEP(time,9.82,0.0d,9.92,21.0d ) + STEP(time, © STEp |
11.44,0.0d,11.54,30.0d )+ STEP(time,12.77,0.0d, X time J
12.87,39.0d) + STEP(time,13.87,0.0d,13.97,39.0d) |NDn—AnguIar j
+STEP(time,15.20,0.0d,15.30,30.0d) + STEP(time, (1) Begin At 982
16.82,0.0d,16.92,21.0d) +STEP(time,21.17,0.0d, End At 9.92
21.27,-180d) |Angu|ar j
Angular Initial Function Valy 0

It should be mentioned that the final value in a STEP Angular Final Function vaufim
function is expressed by reference to the initial one,
which is actually the final one from the previous motion ok | Ay | cancel |

(tracking) step. For example, Figure 2 shows the &
modeling of the first tracking step, which occurs during  Figure 2. The STEP function modeling.
the time interval 9.82-9.92.

Under these circumstances, the imposed variation diagram of the diurnal (azimuthallly) angle of the
PV panel is shown in Figure 3.a, with the corresponding angular velocity in Figure 3.b.
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Figure 3. The tracking law for the PV system with fixed base.

Afterwards, the so-designed sun tracking mechanism was implemented (mounted) on an unmanned
ground vehicle, whose virtual model is the one in Figure 4, the tracking mechanism base (i.e. the
vertical pillar) being rigidly connected to the upper platform of the vehicle. For this work, only the
yaw movement of the vehicle, which is generated by the vehicle turning to the left or to the right, has
been considered. Consequently, the adaptive tracking mechanism must be able to correlate its
predefined tracking law (shown in Figure 3), which it is designed as the PV system would be one with
fixed base, with the random turning movement of the vehicle, so as to maintain the optimal incidence

of solar radiation on the PV panel.

In the virtual model, a sensor is used to measure the yaw angle of the vehicle (in reality, this
movement can be measured by using a gyroscope or an accelerometer), the value read by the sensor
being then used in the form of a state variable for changing/adapting the tracking law in the control
system of the rotary motor for the diurnal motion, as follows:

F =STEP(time,9.82,0.0d,9.92,21.0d ) + STEP(time,
11.44,0.0d,11.54,30.0d)+ STEP(time,12.77,0.0d,
12.87,39.0d) + STEP(time,13.87,0.0d,13.97,39.0d)
+STEP(time,15.20,0.0d,15.30,30.0d) + STEP(time,
16.82,0.00,16.92,21.0d) +STEP(time, 21.17,0.0d,
21.27,-180d)+ VARVAL(VARIABLE_1)

VARVAL being an ADAMS/View predefined function
that is used to provide the current value of the variable
mentioned in the argument. The variable is defined by
using the displacement function YAW, with the
following  format:  YAW(vehicle. MARKER_101,
ground.MARKER_102). This function returns the first
angle of rotation from one coordinate system marker
(MARKER_101, which belongs to the vehicle) to
another (MARKER_102 - belonging to the ground part).
In the initial (modeling) position, the two coordinate
system markers are coincidental (as location/position,
and orientation).

)
* ADAMS/View 2005.2.0 o | B e
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Figure 4. The virtual model of the UGV
equipped with PV solar tracker.
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3. Results and conclusions

In the initial position, the vehicle is positioned so that its longitudinal axis (y) is directed on the South-
North axis, so as to the PV panel is oriented towards the East. If the vehicle would remain stationary in
this position throughout the day, then the orientation law of the PV panel would be the one shown in
Figure 3. At the beginning of the dynamic simulation, which starts at 8:00 (local hour), the vehicle will
move to the South, in a straight line in the first 30 minutes, and then begins to turn left or right (for
example, to explore a specific workspace), which generates the change in the yaw angle of the vehicle
according to the diagram shown in Figure 5.

The control system of the adaptive sun tracker will correlate of the predefined orientation function
(shown in Figure 3) with the random yaw movement of the vehicle, thus making possible the optimal
incidence of solar radiation on the PV panel at all times, as if the tracking system were one with a
fixed base. The control law thus obtained is that shown in Figure 6.

The effectiveness of the proposed adaptive tracking strategy is also demonstrated by the graphical
frames from Figure 7, which are captured at midday (13.206 in local time), at this time the mechanism
assuring the best orientation of the PV panel, namely facing South, on y-axis direction (Figure 7,a),
which cannot be assured if the system would be a non-adaptive one (Figure 7,b), meaning that it is not
able to correlate the tracking law with the vehicle trajectory.

In a forthcoming work, the adaptability of the PV tracking system will be extended so that to
consider other movements of the vehicle, such as the pitch, which occurs when the vehicle goes down-
up a slope/ramp or it passes over obstacles.
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Figure 5. The yaw angle of the vehicle. Figure 6. The control law for the diurnal motion.
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Figure 7. Simulation frames for the adaptive (a) and non-adaptive (b) tracking system.
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