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MATHMOD Conference Series

These Conference Series was started in February 1994 with the
1st MATHMOD, followed in February 1997 by the 2nd
MATHMOD, and in February 2000 by the 3rd MATMOD. In
February 2003 the 4th MATHMOD, the 4th International IMCAS
Symposium on Mathematical Modelling took place.

The conference 4th MATHMOD gathered 230 scientist from 24
countries, showing the broad variety of the "art of
mathematical modelling" - not only including theoretical
mathematical aspects, but also incorporating any kind of
application, implementation and software design based on
formal or mathematical models.

At present the next conference of this conference series is
going to be prepared: 5th MATHMOD Vienna, Feb. 2006

Date and Place MATHMOD 2006

e Vienna University of Technology,
Freihaus Building,
e Wiedner Hauptstrasse 8-10, A-1040 Vienna

e February 8 -10, 2006 - All Sessions
e February 7, 2006 - Workshops and Tutorials

Extended Deadlines for MATHMOD 2006

The deadlines for submissions for MATHMOD 2006 have been
extended:

e Submission of Papers: Review Abstract due to November
5, 2006

e Submission of Posters: Review Abstract due to November
12, 2006

24/11/2005
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Abstract. This paper contents a description of a software program specifically developed to study multiagent
systems. The code has been written in standard C++, taking full advantage of the modular architecture of this
language to achieve a wide open, general purpose tool which allows implementing virtually any kind of agents
and scenarios, in particular it has been employed to simulate autonomous mobile robots. The software can also
be employed, after connecting with actual agents (robots, for instance), to perform over them supervision and/or
control tasks.

1. Introduction

Cooperative behaviour has risen in recent time a huge interest in the scientific community. There are many
different disciplines interested in the issue: Animal Ethology, trying to explain natural grouping behaviour like
herbs, flocks, warms and schools, Automatic Control trying to mimic the apparently simple and highly
decentralised control strategies observed in natural grouping behaviour, Robotics trying to develop elementary
animal-like robots that will be able to perform together not so-elementary tasks, Artificial Intelligence trying to
model the reasoning methods to generate emerging behaviour, etc.

A recent workshop held in New York [1] focused its interest not in the goals achieved until that time, "but rather
to delineate common ground and to identify fundamental unresolved problems".

The list of unresolved problems in which, currently, there is active research is too wide as to be summarized in a
few lines. It is possible to stand out, among others: vehicle formation (in particular for non-holonomic vehicles)
[2], gathering of autonomous robots [3], cooperative surveillance [4], common search [5] and cooperative rescue
[6]. These so called cooperative scenarios lead to other more fundamental problems: communications, sensors
fusion, leadership, robustness against failures, awareness, etc.

Focusing in the specific field of robotics, there has been several attempts to establish some kind of taxonomy for
systems composed by multiple robotic agents [7]. These classifications are usually based on robot cooperation
and coordination capabilities, which are considered as crucial features of the resulting team.

Virtual and actual autonomous agents share some common properties but also present significant differences,
being perhaps the most remarkable the uncertainty and incompleteness on information acquired from
environment [7] in the actual case. This lead to the apparent paradox that no actual multiagent system should be
built up before its design has been soundly probed and no design can be soundly probed before being actually
built.

As in many other knowledge areas, it is possible to develop software simulators to resemble, at least partially,
the behaviour of the agents.

The present work describes a general purpose software environment specially designed for this task. Agents and
scenarios can be prototyped in a modular way and so, departing from very simple agent models, it is possible to
increase gradually its complexity until reaching more elaborate behaviours. Additionally, this software tool takes
full advantage of each model, which once developed, can be used in many different scenarios or be enriched
with new features added to the original ones. At last but not the least, it is possible to connect the program to
actual robotic agents (employing a radio link) to monitor their behaviour or to control them.

The paper has been organised in the following way: section two contains a brief description of the software
structure, section three shows how to employ the software to built a simulated naive robot in an also naive
environment, section four shows some results with a multi-robot scenario and section five draws some
conclusion and suggests future developments.



2. Simulation Environment Overview

gCont was the name assigned to the software developed, so this name will be employed along the paper to refer
to the program in general.

The main philosophy around gCont is to provide an useful and easy to use environment in which, the
implementations of the-always-present- software side of real robotic agents and also pure simulations can be
performed.

gCont has grown around the need of a set of tools, -common in most of the computer assisted robot projects-,
that can be reused in every specific project and that allows for the use of heterogeneous sets of robots without the
need to code in each project more than the essential.

These basic requirements turn immediately on the idea of a fully modular structure where all parts are widely
generic. The modularity and generality affect the same to the environment, the robot creation, and the task
specification.

The widely generic structure makes as easy to create the implementation of a real robot as to create a simulation
of that robot. Therefore, it is possible to confront different versions of an algorithm or test the robot algorithms
in a simulated environment and then place them in a real one; always using the same tool, sets of data and
environment.

2.1 Structure

There are three main types of objects in the gCont structure: The Devices, representing an independent physical
object; the Tasks, that implement a simple and general action; and the Blocks, which work as nexus.

The interaction works so that the Tasks acts over the Blocks owned by the Devices.

Devices and Tasks do not have independent running. They are the containers of the algorithms. The running of
these elements is provided by the Control.

Figure 1 shows and schematic view of the involved elements in gCont and their interrelations.

BlockBase

name, tYpPe, .
infeLiet [
TaskBase

name, type, .

DeviceBase

name, LYpe, . 1
ArgumentList [T T ]
blockList [T ActionlList [T
argumentList [T T ] ChildTasksList [T ]
inforist [T
ChildTask
actionList [T ControlBase ParentTask
name, ty¥pe, ..
PreControl() TaskStart()
PostControl () : TaskEnd()
deviceLizt [T 1 DoTask)

taskrnist [TI_1T ]
DoControl()
StartControl{}
StopContral{)

Figure 1. Relationships among the different base classes conforming gCont structure.

2.2 Blocks:

The Blocks are the frames in witch the functional behaviour of every kind of Device is specified.

It possible to distinguish between two types of Blocks those containing parameters, such as position, orientation
or shape and those that also contain references to methods. These last ones can be seen as the actuators of the
devices; so, the Tasks or other Devices can call these methods in order to perform the actions.

2.3 Devices:

The most basic Device is a simple container but it can be extended to become a fully autonomous functional
device which have is own and independent behaviour.

As a container, the device has a set of lists of elements useful for the control or the user: a blockList, an
argumentList, an infoList and an actionList.

Each Device contains a list of the Blocks that it owns. This list is public, so reading the kind of blocks owned by
a specific device it is possible to known what kind of actions that device can perform and what not. It is in each



specific device where the real code of the methods of the owned Blocks is located, so with the same generic
Block the concrete actions, which will be performed by a specific device, can be set.

The argumentList is a useful item that let the user to read and change parameters and variables in run time. It is
enough to associate any variable on the device code to the argument list and so, it can be read or changed in any
moment along the execution of the simulation.

The infoList is similar to the argumentList, but it only references the data that could be sampled along the
simulation. In this way; the values of general or internal data of the device along the simulation can be studied.
The actionList contains a reference to methods that can be called during runtime by the user, they can perform a
reset, open an extra window, etc.

In order to add autonomous behaviour to a device, there are also calls to the PreControl() and PostControl()
methods, where you can update the data of the simulation and write the behaviour algorithm to control your
device.

2.4 Tasks:

Every Task is a very basic action that can be performed by any generic Device that owns the necessary Blocks.
The actions performed in a Task consist basically in reading the data contained in the blocks of a set of assigned
devices, using this data in its algorithm, and calling the needed methods in the actuators blocks owned by the
assigned devices.

The Devices used in a task are no predefined; they are associated at run time. This means that any device can be
used in any task, and if it passes a required test, controlled by the fask.

The big tasks are divided into little ones; this means that it is necessary to link that little tasks one to another.
This is performed in the tasks in such a way that every task has a childTask; -another task that replaces it when it
finishes-. That childTask could be defined at run time based on the results of the algorithm. Therefore, it is
possible to set different events that cause the end of the current the task and launch a specific child task in each
case.

In order to have control of the task, there are some methods which are called to start or stop the task; and a
method, -DoTask()-, which contents the algorithm of the task.

From the point of view of the environment; the tasks, like the devices, contains an argumentList, where the
parameters of the task can be set. These parameters include the involved devices and the possible child tasks. It
also has an infoList in where it is possible to follow the evolution of the task and an actionList where it is
possible to define run time actions launched by the user.

2.5 Control:

Once described the elements that constitute the structure, it is necessary to set the system that runs all the
elements; this is the Control.

The control process is an independent thread that has a list of devices and tasks associated to it. The control loop
first call the PreControl() method in all the devices associated to the control, later it call all the DoTask() of the
associated tasks and at the end call the PostControl() method on the devices. Figure 2 shows the structure of this
general method of concatenated calls.

Control Thread

deviceList [T
L PreControl()

DoControl{}) — ControlLoop() ——| S - - DoTask()

deviceList [T
L = PostControl()

Figure 2. General method calls to elements owned by a control thread

The elements previously defined, Tasks and Devices, don't have independent running, and they don’t constitute a
separated thread of the program, they are only containers of the algorithms, the running of this elements is
provided only by the Control.

This configuration gives the chance to choose which things run in sequence on the same thread and which ones
in different threads. All the elements contained in a control runs in sequence, the control calls are made in a



known order. This allows to the user to check or to establish the order of the sequence. Otherwise, to have things
running in different threads it is necessary to set them in different controls.

Therefore, full sequential structures contained on each control, are running independently in the thread of that
control. By the use of the child tasks, it is possible that one task in a control launch a new task not only in its
own control but also in a different control. Hence, this open the possibility to build up complex control
structures made from very simple fasks.

2.6 Visual Environment:

The objective of the gCont project is to provide a structure to support the control routines, devices and tasks
along with a visual environment supplying all the tools needed by the user to run a real or simulated scenario
without the need to create every time the same set of tools. This visual environment is as modular and widely
generic as the control environment and can be expanded if needed.

The basic tool class is a window with access to the full deviceList, taskList and controList; and generic calls
oriented to perform updates according to the user actions. Since the tools have full access to the elements in the
control structure; they have access to the blocks contained in the devices. Hence, they can show that info into a
visual set, -i.e. a Map-, letting the user to have manual control of the actuator blocks, to modify the values of
data contained in the argumentList of devices and tasks or to sample the infoList in order to record it. All of this
is available immediately for every new device without the need to add code for it.

All these tools are built as independent libraries, which as devices and tasks, can be loaded at any time when they
are needed and included in the environment. The main program provides the necessary basis to load these
elements independently and to save the entire environment and control structure created. In this way, it can be
loaded again, allowing repeating the same set of tests with slightly differences to see the new reactions of the
system under study.

3 Building a simulated scenario from the beginning

The modular structure of the elements of gCont allows building the independent elements involved in systems to
use, and reuse, them in the creation of different final scenarios. In consequence. The building of the elements is
independent of the building of a scenario.

3.1 Blocks
The more basic elements involved in any device are their blocks, they do not contains any code or algorithm they
are only containers of parameters and methods calls, the real implementation is performed inside the device who
owns the block. In order to set up a block it is enough to declare the parameters and the pure virtual methods.
Let suppose, for example, a generic block that allows to drive a robot in a specified direction, DriveBlock; the
parameters needed are x_Direction, y_Direction that will contain the components of the vector, and a method to
be called to perform the drive, Drive(x,y). This Drive(x,y) is pure virtual, so the real call will go to the inheritor
inside any device which uses it. Figure 3 illustrates the inner structure of the described DriveBlock example. It is
valuable to notice how the Drive(x,y) is declared as a virtual function to be implemented in other place (i.e any
device).

Drive Block

Class DriveBlock : public ElockEase
BlockBase {
R ®_Directian public:
st R v T et e . . . .
:;:'_"‘e;;_“ double x_Direction, ¥ Direction:
max_SP double max_Speed ;
Drivee(x,y) wirtual woid Drive(double x, double vy)=0

a) b)

Figure 3. a) - DriveBlock components b) — DriveBlock code.

Many different blocks can be built, i.e, a range sensor containing the contact state, the range of the contact, the
aperture of the sensor, orientation, etc and when they are used in a device, the working specific data are added in
each case.

3.2 Devices

The elementary properties of a simple mobile robot that would be useful for simulations should be position,
orientation and move capability. The way to set them is to add the proper blocks; a positionBlock containing the
x,y,z of the robot, a orientationBlock, containing the rotation over x,y,z and the DriveBlock described above. In



order to work with apparently real robots it is useful to add also a simple sizeBlock containing long, width and
height of the robot. This device will be called BSRobot.

The DriveBlock described above was pure virtual, it can’t be used by itself. BSRobot actually use a inheritor
declared inside itself that implements the Drive(x,y) method calling a BSRobotDrive(x,y) method where it is
written how the robot moves. For this first example, BSRobotDrive(x,y) makes the robot to go straight in the
given direction.

In order to make all these blocks accessible and readable by external elements, each block is added to the
blockList of the device.

The objective of many simulations is to study the different results of different initial conditions or parameters,
the suitable place for these data is the argumentList. It may be useful to set the initial position and the speed of
the robot, so these variables are set in our robot and their reference added to the argumentList of the robot.
Other objective in a simulation is usually to know the evolution of the data. BSRobot relevant data are the
current speed, direction, position and orientation, so the reference of these variables could be added to the
infoList.

Finally the methods; as a simulated robot it has to perform the simulation of the movement. This is included
partially inside the BSRobotDrive(x,y) method but, it’s also need to perform the movement over time and update
the data in the infoList, so another method, UpdateBSRobotData(), is included and its call is set inside the
PreConrol() method. In this way, UpdateBSRobotData() will be called and it will refresh the data before the
tasks are called.

In the case that during the simulation was necessary to reset the conditions, a method called Reset() is added to
the robot and its reference included in the actionList, hence, it can be called any time by the user. Figure 4 shows
a schematic view of the described elements inside BSRobot.
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Figure 4. Schematic view of the elements inside BSRobot

3.3 Tasks

The existence of a DriveBlock implies that there are devices that can be driven. There are different ways of
doing it, manually from the user interface or creating a task that leads the driving.

There are many ways of perform the drive of a device and many tasks that can do different things only by driving
a device. As an example, a very simple task, GoToPointTask, which drives a device to a specified point, will be
described here. Figure 5 shows a schematic view of GoToPointTask.

It is important to remember that tasks should be as generic as it could be in order to apply it to any given device.
So, the GoToPointTask will not know of the existence of the BSRobot neither their specifications.

The task is to drive a device from its current location to a given one. The first things to know are the associated
device and the destination coordinate, these are variables of the task, and will be set at run time, so a reference to
them are added to the argumentList. Other necessary elements are the current position of the device, which is
contained in a PositionBlock, and the way to drive the device, which is known by the DriveBlock.

At the time the task is written it don’t know what kind of device it will be intended to be driven, but that device
has a blockList and inside that blockList must be a reference to a PositionBlock and to a DriveBlock. If there is
not presence of a reference to those two blocks, that device cannot perform a GoToPointTask.



Any fask has a method called TaksTest() where the fask performs a test over the arguments given at run time. In
this case, TaksTest() includes the search of the blockList of the given device to get the references to the
PositionBlock and the DriveBlock of the device, if the test fail, the task couldn’t be included in a control thread.
Once the test is passed, the task doesn’t know anything more of the device associated but it knows where its
position and drive blocks are, so it can read the data and call the Drive(x,y) method. Drive(x,y) was a pure
virtual method, so the real call passes along Drive(x,y) to the inheritor inside the specified device and executes
the device specific actions. (Figure 5b)

The real task is performed at the call of the DoTask() method, there the DoTheDrive() is called. In this example,
the vector passed to Drive(x,y) is a proportional vector between the current location of the device and the desired
final one. To add more flexibility, the proportion factor is added to the argumentList of the task so it can be
changed.

As a very simple task it only have one possible end, arriving to the destination point; an argument onArriveTask,
is added to the argumentList referring a task that will be launched at the end of the drive task, unknown at the
creation time, but chosen by the user at runtime.
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Figure 5. a) — GoToPointTask elements b) — Final path of the call

3.4 Setting up the scenario

The default set or scenario in gCont contains several windows with common tools:

A map, showing all the devices that own a positionBlock in their specific locations, an argument window, where
the user can read and modify the parameters of the argumentList of any selected item. An info window, which
shows the current value of the data referenced in the infoList of the selected item, a window showing the control
threads with their associated devices and tasks. Other useful tools are included in the default set and new ones
can be built and added at need. Those tools are modules too and can be loaded at any time in order to provide
specific information or control over the new blocks that can be introduced.

At the beginning there is only one control thread, Control 0, and no tasks or devices loaded, to set up the
scenario; they have to be loaded. Any module is a library that can be loaded at any time; in the File menu there
are the options to load the device, BSRobot, and load the task, GoToPointTask.

Once a BSRobot device, bsrobot 1, and one GoToPointTask, gotopoint 1, are in the scenario they can be selected
and the desired arguments set in the argument window, such as the initial position of the bsrobot 1 and the final
point of gotopoint 1.

When the task was written, the device to be driven has not been specified and it was set as an argument, so, it is
now when bsrobot 1 is associated with the gotopoint 1 in the argument window so the TaskTest() of gotopoint 1
will pass and could be added to control 0 .

To add the task to the thread, the user must select the control menu and add the selected task, gotopoint 1, to the
selected control, control 0, and also add bsrobot 1 to control 0 so it can perform the data updates and runs its
simulation code.

When the scenario is ready, the Start Control menu launches control 0. The calls to the PreControl() of the
associated devices will call the UpdateBSRobot() method inside bsrobotl, and in the calls to DoTask() of the



associated tasks it will call the DoTheDrive() method of gotopoint 1 which will call the Drive(x,y) method of the
DriveBlock inside bsrobot 1 which calls the BSRobotDrive(x,y) method of bsrobotl. The described sequence
has been outlined in figure 6.
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Drive(c.y

)
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{ My Little Robot )
(I PostControl()

Figure 6. Control thread final method calls in order to perform the driving task

Figure 7 shows the result of running a simulation for bsrobot1 under the task gotopointl. The simulated robot
was initially at the origin of coordinates and it has been driven to the point (100,100). In this case bsrobot 1 has
followed a straight trajectory as it is prescribed in BSRobotDrive(x,y).
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4. More complex scenarios.

The building process for more complex scenarios is the same as for the simple ones; the only real need is to have
the required elements, different devices with its particular behaviour and appropriate tasks.

One of the advantages of the modular building of devices is the reusability; once a model of a real or desired
robot is created, particular behaviours or configurations can be implemented in very little time by modify only
the few affected parts resulting in different devices

4.1 Perimeter surveillance with help

In order to create this scenario with heterogeneous robots we introduce a robot called Dabot. The simulated
version used here, DabotSim, is based on a real one, with position, orientation and drive capabilities and also
three simulated digital range sensor which contains a binary variable to specify the obstacle detection state.

The real robot uses differential traction so for the implementation of the Drive(x,y) method inside Dabot, an
algorithm to transform the driving vector to a pair of values for each wheel have to be developed, different to the
straight trajectory at BSRobot. The new one on Dabot uses smooth turns and arc trajectories as can be seen at
Figure 8.

In addition, two new tasks, Go Forward, and Follow were introduced. Go Forward is an improved version of
GoToPoint task using the same DriveBlock; and adding the possibility to set a different child task according to
the detection state of each range sensor block found on the associated device. The task Follow drives the
associated device to the position of another device with two possible child tasks in the case of getting close to the
followed device or in the case of being too far from it.

The concatenation of tasks is used here to set a scenario were a more complex robot, Dabot, goes through a

predefined set of three points and, when an object is found, launch a task that calls another different robot to help
him and then continue with the route.
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Figure 8. Two heterogeneous devices working together with general tasks

Only the contacts in the side sensors launch a child routine asking the second robot to come with him, otherwise
the robot continues the route. As it can be seen at Figure 8, the complex robot detects the black square obstacles.
The red colour on the range sensor represents that the right side sensor of the complex robot has detected an
obstacle. The other robot, represent by a triangle, has begun its movement towards the complex robot as a
consequence of the detection. The dashed lines show the path followed by the robots. Only the front sensor of
the complex robot has detected the leftmost black square obstacle, in this case, there is not subsequent call to the
second robot as it could be seen by the absence of a dashed line path.



4.2 Many robots, Autonomous behaviour

With the robots built as independent modules, to create a scenario involving many robots of the same kind, it is
only a question of adding the number of needed copies of the same module. Its behaviour is independent of the
number of loaded copies in the scenario.

This scenario (figure 9) shows a group of simulated Dabot robots, testing a gathering algorithm [3] for
independent autonomous robots without communication and limited visibility. There are no tasks; all the work is
done by the robots themselves.

.. /GCont - Control

File Main 5y

n Controls Dewices Tasks Forms  Help

Dabot2-5it 1

Control Selected Device

4
: ComboBon -
WPos ST
YPos 70 el
M Vel 0

Geale Draw False

Control Control 0 =]
=

Fadio Minima 10

Loaded Iters (5]
{[Baded Devices || Loaded Tasks |

Mame

Dabot2-Sit 1 Robot Simulade en

| Dabot25t2  Robot Simulads en
] z Dabot25t3  Robot Simulado en
Narme [Dabot25it1 A |ogre-ieemesins Dabot25t 4 Robot Simulads =n
= Diabot2:5it5  Robot Simulado en
- . w Dabot25it6  Robot Simulads =n
Com Enabled False [ —
s 50
rPos 7
Drientation 2,9901193131471 i
o - Add To Control 0
jad! (i Aviable Ttens
et s @l a0 Devices | Taske Foms |
by 5 LI I

Name Description | File

Control Structure Tree H

Active Tasks AUl ns B

o ctiveT acl oims.

Devices Tasks Deep [7 5 Update s [ Comment ControlTree. Forms.

= Datatiraph Forms

Cortral 0 Contral 0 i

Lj”; e s i DiiverDLLdl Foims

S Formésgum. Forms.
# Dabot2-5it 2 InfoDLLdl .. Farms...
Dabot2:Git 3 Loadedite.. ... Fams...
1 Dabotz Gitd Logviewer... ... Farms...
[+ Dabot25it5 MapDLLAl .. Farms...
= Dabotz-5it 6 Usetiction... .. Farms...

< )| 2

S Load Hew Item

Figure 9. Many copies running in autonomous behaviour, initial scenario

The scenario shows a group of six robots, all of them in the same thread, but whose algorithm run on its own
unaware of the presence of the other robots. The range sensors, the orientation block and position block
represents the entire data known by the robot. Therefore, every robot moves only guided by its algorithm based
on its own sensor data and internal state.
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Figure 10. Evolution along the simulation of the tested algorithm




The evolution of the simulation, as can be seen at Figure 10, shows six of the steps taken by the group in order to
gather themselves together, there is no coordination between robots.

The tools included in the scenario can help accessing data inside the robots and published in the infoList, tracing
the path of the movements and sensors state, data otherwise inaccessible in a real scenario.

5. Conclusions

The software tool developed, due to its flexibility and modular structure, is suitable to simulate a broad class of
multi-agent/ multi-robot systems.

Although being used mainly to simulate problems and scenarios related with mobile robots, it can be easily
adapted to the study of other kinds of robots or agents. For example communication networks, muti-agent
manufacturing systems, celular automata, problems of hybrid control, etc.

gCont has been mainly tested in cooperative multi-robot scenarios. At present, several control algorithms and
different simulated devices has been implemented and are in the validation process before being transferred to
real robots. This diminishes the time and money necessary to develop a complete real robot team.
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