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ABSTRACT

This paper presents an integrated hardware/software
platform for the simulation of real-time Autonomus
Guided Vehicles (AGV) navigation. The platform
employs the same software architecture and code
actually running onboard the real-time hardware to
perform off-line the control and navigation simulation.
By means of this approach it is possible to optimise the
control parameters, simulate the logistics or the
achievement of the path planned and also make the
vehicle actually run with the same all-in-one software.
This method allows to reduce development time
necessary for debugging, optimising control algorithms
and identifying system and/or control parameters; the
same software is exploited also for variables flow
control and for monitoring the whole state of the
system.

The above platform was used for the optimisation of
AGV potential field control for real-time obstacle
avoidance.

INTRODUCTION

The intense competition in manufacturing requires
materials handling systems that are agile and capable of
reconfiguration, in order to have manufacturing
environments highly reconfigurable and responsive to
accommodate product, factory and process changes.
Modern AGV can exploit such capabilities as far as
their autonomy is maximised; in this way the traditional
disadvantages of rigid (wire guided) AGV-systems are
overcome.

More flexible AGV systems employ more flexible
measurement systems such as inertial-odometric,
triangulating laser sensors (Kam et al. 1997) and more
flexible control algorithms such as trajectory control
and potential field control for unexpected obstacle
avoidance and the navigation in partially-structured
environments (Graf et al. 2001, Ge and Cui 2002,
Tsourveloudis et al. 2001).

The augmented flexibility obviously increases the
system complexity, so that it becomes difficult to
optimise the entire algorithm and/or parameters on an
h/w basis; or by means of standard control design tools:
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non-holonomic systems are challenging from the control
point of view, as they are globally controllable but not
locally, and they are not feedback stabilizable by
continuous time invariant feedback control laws
(Brockett 1983). On the other side, simulation
environments require to develop the simulation, to write
it in the specific language, to validate it, to optimise the
algorithm and to translate the result in the proper real-
time software environment. Part of the above phases can
be avoided if the simulation and the h/w environment
are the same. For this reason it was developed an h/w
and s/w platform that uses the same code for the
simulation of the entire AGV functionalities and for the
real-time control (simply enabling the h/w interfaces
with the drivers and the sensors or the simulation
engine).

Recent developments in simulation tools for
manufacturing have improved production engineering
development and the tools are being adopted more and
more widely in industry. For the development of AGV
systems this has not yet fully been exploited. Several
studies and works on simulation concerned more with
logistic and concurrent handling aspect of AGV systems
than with the pure control aspect (Verbraeck et al. 2000,
Saanen et al. 2000), but it is an essential part of AGV
design which asks more time for development.
Traditional methods of s/w simulation involve
modelling, identification, validation and use of the
simulation structure for control or other specific
purposes. The proposed method adds a first step where
it is designed the whole software architecture that will
embody both the simulation and the real-time control
and a final step where the same platform is used for the
RT control.

An alternative approach achieving a real-time
simulation is indicated in (European Space Agency
2004): it consists in a real-time test bench interfaced
with the system in order to simulate environment,
kinematics, dynamics, sensors, etc. By this architecture
part of the system h/w is replaced by an RT h/w
simulator. It has a valuable application for space tests
when it’s impossible or very expensive to test system in
the real environment on earth.

Simulation has been used in this multifunction software
since the development phase of controlling the AGV



drivers. The software workframe has been gradually
upgraded according to development phases. An
advantage is that a problem that occurs on h/w control
situation can be analysed in a simulation mode, and the
simulations can also be used to test different solutions
before they are implemented in the real system. A
feature of this simulation system is the opportunity to
switch the control software in simulation mode simply
excluding the hardware interface (real sensors) and
enabling the simulation engine which emulate system’s
kinematics and dynamics by means of sensor’s virtual
outputs.

In previous works it was analysed the calibration
problems of the vehicle kinematics (Durrant-White
1994) whose parameters, coupled with the identification
of the dynamics, allows to simulate the wvehicle
behaviour in the real environment. After validation of
the kinematics- dynamical model, it was added a second
layer of software for the real-time obstacle avoidance in
semi-structured environments by means of potential
field methods.

An important feature of the platform is the possibility to
monitor also the state of the system and manage
possible faults and warnings.

H-S/W RT SIMULATION METHOD

The steps that the proposed h-s/w RT simulation method
involve for the navigation control design are the
following:

1. design of the software structure that embodies all
the drivers and functionality for the Real-time
system control;

mathematical modelling of the system plant;

system plant parameters identification;

system plant model validation;

use of the system plant model for navigation
control design and related parameters optimisation
[s/w mode];

6. experimental verification [h/w RT mode].
Traditional methods of s/w simulation involve the steps
2,3,4 and 5. The proposed method adds a first step
where it is designed the whole software architecture that
will embody both the simulation and the real-time
control. A final step is added where the same platform
used for the mathematical/numerical simulation
development is used for the RT control.

The important advantage is that the control algorithms
do not need to be implemented on another application
for their simulation purpose. It is sufficient to launch the
single application disabling the libraries that achieve the
hardware 1/0 control and enabling the simulation engine
libraries developed ad hoc, which calculate virtual
output of sensors on the basis of the system’s model
implemented in the simulation engine.

The disadvantage is that a s/w platform developed for
RT control purposes requires more time to develop the
simulation engine than platforms developed for
numerical or control purposes. However several
companies, like for example National Instruments, are
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adding tools that enable the simulation in parallel to the
control.

1. Software structure design

As illustrated in Figure 1 the software (written in
LabView®) has three hierarchical levels of control: the
upper level is the planning one, at a lower level are the
path control and task control algorithms (including the
potential field method), the lowest level is assigned to
the drivers control loops, the fastest ones. The last two
tasks can exhange data with two possible systems: the
hardware system, which is the real one and it is
essentially made up of drivers and sensors, or the
simulation engine, which embodies a model of the
driver system. The application can run in real-time
mode on the embedded AGV system as well as in the
host client PC in simulation mode. By the same
interface the user can choose to launch the application
in simulated mode or in hardware mode: in the first case
the software runs only on the client computer; if the
interface selection switch is set on hardware mode the
application runs in real-time on the on-board server
computer and sends data to the user interface on the
client computer.
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Figure 1: Block diagram description of the system.
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Figure 2: Control Panel example in the user interface



2. Mathematical modelling of the system plant

This section shows the kinematics of a three-wheeled
vehicle like the ones that are often used in industrial
environments for pallets handling and transport. Two
encoders are used on the driver wheel: one to measure
the steering angle, the second to measure the angular
velocity.

Figure 3: Kinematics scheme of a three-wheeled AGV

The Figure 3 showns the kinematics scheme of a three-
wheeled AGV. The angular velocity o refers to the
driving wheel. The attitude o is meant to be the angle
between the absolute reference system xOy and the
mobile reference system XP.Y. The position Pr is
defined by the vector (x,y,0) which also takes the
attitude of the mobile robot into account.

The kinematics behaviour is always controlled by two
wheels. Therefore, one wheel bears slippage if it is not
perfectly aligned with one of the other two. The discrete
form of the inertial-odometric navigation equations is
the following:
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Equation (1) is the characteristic which makes it
possible to estimate the AGV’s position and attitude.
The steering motor is controlled in position and its
model, used by the simulation engine, is a first order
transfer function inserted in the PID control loop
(Figure 4). The motor is in fact controlled in velocity by

a dedicated driver and the motor-driver behaviour in the
position control chain is that of a delay.

- o4 o, are respectively the angular setpoint for
steering axis position and its measurement.

— K, 7T are the costants of motor-driver first order
tranfer function.
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Figure 4: Control scheme of the steering motor system

The control variable for the driving motor is the angular
velocity and its control scheme is similar to that of the
steering motor system.

3. System plant parameters identification

The kinematics model calibration is discussed for
example in (Durrant-White 1994, Borenstein and Feng
1995,1996): similar methods were implemented.

The motor model parameters identification was obtained
by means of simple step input methods.

4. System plant model validation

Tests were made to validate the simulation kinematic
and dynamical model of the system.
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Figure 5: The Hardware/Sim Engine switching
Figure 6: Comparison of Simulated trajectory (dotted
black) vs Real one (continuos red)

In Figure 6 is presented a comparison between a
simulated trajectory and a real one showing a good
correspondence. The example is related to an
unexpected central obstacle avoidance task.

5. Navigation control design and parameters
optimisation [s/w mode]

The potential field method used for the task of obstacle
avoidance is similar to the VFF method of Borenstein
(Borenstein and Koren 1991). It is very simple to be
implemented and it is efficient for local obstacle



avoidance if its parameters are well tuned. The main
disadvantages of this method are three: the parameters
are difficult to be tuned; it suffers of local minimum
problems and oscillations in narrow passages. For the
last two problems some technics were developed in
order to eliminate local minimum and oscillations. The
problem of tuning parameters is fully simplified by the
simulation tool and the effect of changing parameters is
verified simply by switching to hardware mode. Since
this potential field method doesn’t take into account the
dimensions of the vehicle it was developed an algorithm
for avoiding lateral and rear collisions with obstacles.
Another problem of the potential field method is the
lack of attitude control which is very negative for
transpallet industrial vehicles in the load and the unload
phases. By means of the h-s/w method it was possible to
develop a method in order to solve also this problem
while maintaining the other potential field method
features untouched.
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Figure 7: Simulation example: a) corridor without
obstacle; b) when an obstacle appears. Trajectories of
rear wheels’ center and of steering axis are shown

In Figure 7 is shown the result of a simulation of the
AGV performing a path in a corridor, first without
obstacle and then with an unexpected obstacle
appearing before approaching the target. This is a final
result after parameter optimisation was utilised to solve
problems of narrow passages inducing oscillations and
of collisions with lateral object due to non-point shape
of the vehicle.

The Figure 8 shows the first of the above problems and
its solution before and after the introduction of the
control corrective algorithms and their optimisation .

a) with collision b) without collision

Figure 8: Solution to the Problem of Lateral Collisions

6. Experimental verification [h/w RT mode]

The simulation software was used for testing a potential
field method for local obstacle avoidance in partially
structured environments. Before the algorithm was
implemented in the actual AGV control software, it was
simulated for debugging purpose, then simulation of
control was used in order to optimise control
parameters, finally the method was tested on the AGV.
In Figure 9 we present a frame sequence (read from left
to right and from top to bottom) showing an obstacle
avoidance test carried out to compare simulation results
with real ones. The task showed is the same simulated
in Figure 6.

CONCLUSION

In this paper, an integrated h-s/w platform has been
proposed for both the simulation and the real-time
implementation of Autonomus Guided Vehicles
navigation. By means of this approach it is possible to
employ the same software architecture and code for
simulation purposes (control algorithm debugging and
optimisation of parameters, path planning simulation) as
well as for the real-time control on an embedded AGV
system. The steps that this proposed h-s/'w RT
simulation method involve for the navigation control
design are design of the software structure;
mathematical modelling of the system plant; system
plant parameters identification; system plant model
validation; use of the system plant model for navigation
control design and related parameters optimisation [s/w
mode]; experimental verification [h/w RT mode]. This
method was successfully used for achieving the
autonomous navigation of an industrial transpallet.



Figure 9: The result of the Real Implementation of a potential field method for Obstacle Avoidance

Clarification

Only for academic purposes the following clarification
is reported:

Baglivo implemented the h-s/w RT simulation and
developed the obstacle avoidance algorithm, 40% of the
whole work is assigned to him.

De Cecco conceived the integrated hardware and
software method and the system modelling, 40% of the
whole work is assigned to him.

Angrilli organised and supervised the research project
both from managerial and technical point of view, 10%
of the whole work is assigned to him.

Tecchio and Pivato organised and supervised the
research project from the industrial point of view, 5%
of the whole work is assigned to each of them.

The research was partially funded by a ministerial grant
under the 46 law.
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