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Abstract: In present time, the need for flexibility in different organizational
structures, impose top equipment for infrastructure. These mobile platforms
are equipped with many electrical appliances and the needs for power limits
the consumption of these platforms or impose the rinse of infrastructure with
power generators. In this paper we present a sun tracking system mounted on
a mobile platform and based on two local intelligent servo drives connected
on a CAN network to a motion controller which has implemented a solar
position algorithm. The motion controller determines the position of the sun
on the site, and then, coordinates the two drives in order to correctly position

the photovoltaic panel.
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1. Introduction

The decreasing product and technology
life cycles have made fixed automation
systems cost prohibitive. As a result of that
the automation users need flexible
automation systems that can be modified
upgraded and reused easily. This trend
ensures that automation system have a long
term competitive position.

For a multi-axis positioning system the
“classical” architecture contains a very
powerful processor which has the
following tasks: generating the robot
trajectory, calculating the position and
speed references for the actuators,
synchronization  of  the  actuators,
information acquisition from sensors and
control the actuators. Further more, the
architecture requires a lot of wiring from

the processing unit to the sensors and
actuators. This approach has a series of
drawbacks, because: it requires a lot of
processing power and it is hard to debug
and extend.

As a result of these new requirements,
the traditional architecture of the multi-
axis electrical drive system, which is costly
and hard to maintain, is replaced by an
open distributed structure, based on high
level communication protocols, dedicated
for multi-axis control [3]. Besides the
reduced cost and maintaining prices, the
multi-axis distributed control structure
allows the design of complex applications
in a short period of time with high capacity
of extension.

In order to solve the problem, the
solution is to replace the centralized
control architecture based around a single
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host controller with a distributed control
architecture where the tasks of the central
controller are distributed among the local
drives. In this way the local intelligent
drives requires less computation power and
they are cheap [3]. In consequence this
system is also powerless and could be
easily mounted in an eco-friendly mobile
platform. Furthermore because each local
intelligent drive has only a few tasks it is
easier to debug it [4], [5].

Even if the intelligence is distributed
through the control system, it has to work
in  real-time.  This  implies  the
implementation of a synchronization
strategy of the nodes of the industrial
communication network [16]. To solve
these problems it can be use an industrial
communication  network  that  has
implemented in its protocol specific
mechanisms for synchronizing its nodes
such as CAN or PROFIBUS.

The sun tracking systems, in general
allow solar panels to collect up to 50%
more energy than that can be collected
using stationary solar panels. Furthermore,
the mobility of the platform excludes the
possibility to optimize the orientation
based on latitude [13], [14]. Like the
majority of sun tracking systems [1], the
proposed system moves the solar panel on
two axes.

The paper presents the implementation
of distributed control architecture for a two
axis sun tracking system, mounted on a
mobile platform. The axes are actuated
with two servos, which receive position
commands from two local intelligent
drives. The distributed control system is
based on a CAN network where are
connected the two local drives, a motion
controller and a small mobile host
computer. This architecture reduces the
cost of the control system because even if
it uses more microcontrollers they are
cheaper because they have fewer tasks to
do. Furthermore, the control structure can

be in any moment extended or reduced
without complex hardware modifications.

2. Distributed Control Architectures

The first industrial distributed systems
are based on OSI standard for network
protocols. It result a hierarchic architecture
which has its components grouped on four
layers (see Figure 1).

Each component from the system
receives commands from the devices from
the superior layer and sends command to
the devices from the inferior layers [5], [7].

Host
COITIlelCl'

Motion
controllers

Local
intelligent
drives

Sensors
Actuators

Fig. 1. Distributed control system with
hierarchic architecture [4]

The highest layer is the management one
which ensures a graphic user interface; the
downloading and uploading of programs and
parameters; the monitoring of the stocks
and analysis of the working times [5], [7].

The next layer is the control process one,
where the execution times are a critical
aspect. The intelligent units from this layer
have the following main tasks: the
generation of the trajectory and the
coordination and the synchronization of the
axis [5], [7]. Because the communication
time 1is critical, the network that links this
layer with the lower ones must ensure real
time communication [2], [8], [10].

The local intelligent drives from the axis
control layer receive motion trajectory for
the actuator and executes it [5], [7], [15].
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This structure has a few disadvantages
that make it hard to implement [6], [12]:

- it has several communication protocols
with increase the price of the automation
and makes it hard to debug;

-from the top of the structure to the
bottom and reverse the data have to pass
through several processor and the speed of
transfer is decreased,;

- the combination between the horizontal
traffic with the vertical traffic is hard to be
implemented for a real time multi-axis
control.

An optimal solution to implement a
distributed real time system is to connect,
in a network with a single protocol (see
Figure 2), all the intelligent units from all
the layers [9], [13].

Host Motion
computer coordinator

Intelligent
Servo
drives

Sensors
and

. : actuators
Independent axis Interpolated axis

Fig. 2. Distributed control system with
hierarchic architecture [9]

This approach has, comparing it with the
distributed control system based on layers,
the following advantages:

-only one communication protocol used
in the system;

-a simple structure for the devices from
the process control layer (from hardware
point of view because they need only one
communication interface and from software
point of view because they implement only
one communication protocol).

The main disadvantage of a distributed
control system with only one communication
network is that it increases the traffic from

the industrial communication network,
which has to ensure a reliable, quick and
error free transmission.

3. The Structure of the DASTS

The intelligence of the control structure
is composed of three microcontroller
developing boards Dice-Kit from Fujitsu, a
Global Positioning System (GPS) module,
a host computer and two intelligent servo
drives. The boards have their own CAN
controllers and the computer has a serial to
CAN adapter.

Because the distributed control system
with hierarchic architecture has a series of
disadvantages the control structure of the
DASTS will have a single CAN network.
The structure of the system is presented in
Figure 3.

The two axis of the sun tracking system
are actuated with two servos, which have
their own position, speed and current
control loops. The first servo actuates the
azimuth angle photovoltaic panel and it
receives its position reference from the
Dice-Kit 2 board. The second servo is for
the elevation angle and it is commanded by
the Dice-Kit 3 board.

The sun trucking system is mounted on a
wheel chair type mobile platform that is
actuated with two bipolar stepper motors.
The positions of the two wheels are
controlled by the two intelligent servo drises.

3.1. The Control of DASTS

The host computer has the role of master
of the distributed control system. It
receives information about the global
coordinates of the DASTS, the local hour
and the North Pole orientation from the
Dice Kit 1. It, also, sends information
about the position of photovoltaic panel
and position and speed references of the
right and left wheels to Dice Kit 2, to Dice
Kit 3 and to the two intelligent drives.
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Fig. 3. DASTS control structure

The mobile platform has two working
programs. The first program controls only
the wheels of the mobile platform and can
be used to position the autonomous robot
in the working space. The second program
starts after the robot reaches the destination
point and it is used to orientate the
photovoltaic panel.

Using the global coordinates of the
DASTS and the local hour, the motion
coordinator calculates the azimuth and
elevation angles of the mobile platform
(see Figure 4).

Azimuth

v

clevation

Fig. 4. The azimuth and elevation angles

The algorithm used to determine the
angles was developed by the National
Renewable Energy Laboratory (NREL)
from Colorado, USA and is presented in
detail in the paper [11].

The host computer determines the
orientation angles of the panel using the
system of equations:

{ul = Uely» (1)

Uy =Ugzm + Uy

where U; is the angle between the
photovoltaic panel and the surface of the
mobile platform, Ug, is the elevation angle
of the mobile platform position, U, is angle
between the front of the robot and the
photovoltaic panel, Uy is the azimuth
angle of the mobile platform position and
Uor is the angle between the front of the
robot and the magnetic North Pole.

3.2. The Photovoltaic Position Orientation

The two servos, that actuate the sun
tracking system, have their own control
loops, including the positioning loop.
Servos are composed of an electric motor
mechanically linked to a potentiometer.
Pulse-width modulation (PWM) signals
sent to the servo are translated into
position commands by electronics inside
the servo. When the servo is commanded
to rotate, the motor is powered until the
potentiometer  reaches the value
corresponding to the commanded position.

When a local intelligent drive receives a
new set of angles for the axis that it controls
and the time in which the transition should
take place, it will gradually change the
reference of its servo in order to generate a
linear move for the axis.

Because the frequency of the PWM
signal for each motor is 50 Hz it means
that at every 20 ms the local intelligent
drive should update the position of the
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servo. The local intelligent servo drive
calculates the immediate command with
the following equation:

|Uki = Uyt |‘T
U =—""—, 2
Te

where 7 is the time that passed from the
beginning of the transition; t. is the time in
which the robot should effectuate the
transition and Uy is the angle of the servo at
t moment. If the driver finishes the
transition and it does not receive a new one
it will maintain the last command.

3.3. The Mobile Platform Position Control

The wheels of the mobile platform are
actuated by two stepper motors, which are
controlled by the intelligent servo drives
(see Figure 3).

The host computer uses the two
intelligent servo drives to change the
position of the DASTS mobile platform in
the working space.

When the two wheels of the robot are
spinning in the same direction but with
different angular velocities the trajectory
of the mobile platform will be a portion of
a circle, as shown in Figure 5. The
different angular velocities, implies the
fact that a wheel does more steps than the
other one.

It is useful for the host computer to know
how to calculate the number of steps that
each wheel should do, if it wants to move
the robot to point defined relatively to the
current position.

The distance that the left wheel covers,
when the robot moves from the start point
to the destination point, can be calculated
in two modes:

a ban
d =[r+2p=Rom 3
| ( 2) 5 (3)

where d; is the distance that the left wheel
covered; a is the distance between the
wheels; b is the diameter of the wheel; r
the radius of the trajectory circle; 0 the
angle of the circle portion, that is covered
when the robot moves, a is the angle of the
motors step and n; the number of steps that
the left motor made.

Fig. 5. The trajectory of the robot when the
angular velocities of the two wheels are
different

The equation for the distance that the

right wheel covers can be calculated in a
similar way:

d, =(r—3je=b°‘”r, (4)

where d, is the distance that right wheel
covered and N, the number of steps that the
left motor made.

From the Eq. (3) and Eq. (4) can be
calculated the number of steps that each
wheel should do in order to move the robot
to the destination point:
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The values of the angle 6 and the radius r
can be determined using the system of
equations:

smm:¥,
(6)

cos(0) = =% ,
r

where Xq, Vg are the relative, to the current
point, coordinates of the destination point.
Solving this system of equations will result:

XtV
2%y -
0 = arcsin L%}
Xg t Yq

When to host computes needs to move
the mobile platform to a certain point from
the working space it has to send to the
properly number of steps to the two
intelligent servo drives.

4. The Experimental Model

The distributed control structure was
tested with the mobile platform presented
in Figure 6. The photovoltaic positioning
system is a LynxMotion articulated arm
robot [17]. Originally the robot had four
degrees of freedom, but for this project it
had been used only two of them.

The program for the host computer was
designed in LabWindows/CVI and it
manages the sun tracking system. From here
the user has access to control the position
of the mobile platform in the working
space or can monitor the position and the
parameters of the sun tracking system.

The software of the local intelligent
drives contains the command strategy and
the communication protocol. It was
designed and simulated in Softune, using a
C compiler.

For the host computer was developed an
ANSI C library, which it is useful for the
programmer, because it contains functions
to create the commands and manages the
message from/to the local intelligent drives.

Fig. 6. The hardware of the sun tracking system
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The program from host computer
contains three threads. The first thread is
working all the time and it controls the
other threads and the graphic user interface.

The second thread stars only when the
DASTS mobile platform reaches the
destination point and it needs electrical
energy. The thread monitors CAN network
in order to receive messages from the
Dice-Kit 1. At the beginning it needs
information about local hour, position and
orientation of the mobile platform. After
the second thread sets its parameters, it
monitor only the messages about the local
hour and send the appropriate commands
to the Dice-Kit 1 and 2 modules.

The last thread is used only when the
user needs to move the DASTS mobile
platform and it control the two intelligent
servo drives of the distributed control
system.

4, Conclusions

The design of the DASTS and the
practical tests proved that the distributed
architecture is a very efficient one because
it allows the designer to create and test
small parts of the control structure and
then put all of them together.

Furthermore the complexity of the
programs from the microcontrollers is
smaller because each logical unit of the
control structure receives fewer tasks,
rather than in centralized control systems
where the central processing unit should do
all the tasks. This is an important issue in
the case of a mobile platform (i.e. a truck)
where the hardware resources are very
limited.

The design of the distributed control
system allows that the same motion
controller to coordinate several sun
tracking systems. This provides a simple
extension to many mobile platforms (i.e. a
large number of trucks) for providing more
power with fewer resources.

Another fact proved by the experimental
implementation is that the communication
tasks, among the different modules, are
easier because there is a single network
and the messages do not have to pass
through different processors.
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