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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. There are marine operations involving the cooperation of several marine crafts. For instance spill over
confinement, rescue, towing, etc. A simulation environment has been developed to analyse the cooperation
problems that may arise along an operation, in order to develop procedures for better joint work of the ships. The
final target is to add some automatization into the control of the ships, with on-board computers helping the ship
captains to take the right decisions. The environment considers the ships as agents. The paper introduces the
simulation environment and describes some examples concerning ship formation cases.

1. Introduction

There are marine operations, such spill over confinement, towing, rescue, etc., which involve the cooperation of
several ships. In particular, the recent sinking of the “Prestige” oil tanker near the Spanish coast has shown some
issues requiring further analysis. For instance, it was noticed that the usual operation for oil spill over
confinement consists in two ships towing a boom. Running some simulations in the environment described in
this paper, put into light several coordination difficulties arising with just two ships towing the boom. More than
two ships for this task cause still more difficulties. In such a case, the help of automatized real-time coordination
procedures would be useful. This can be made with computers on board the ships, bringing advice to the ship
captains. The purpose of our research is to add automatization to marine operations. The on-board computer
interacts with the ship captain in a verbal form. All computers communicate and think about the operation
evolution, to help captains to take optimal decisions for a good achievement of the general operation.

An important step for the research is to establish a simulation environment for the analysis of operations with
several cooperating ships. The paper describes a first version of the environment. Some experiments about
formations of ships have been already done, offering an interesting basis to analyse cooperation difficulties and
possible solutions.

As reflected by the scientific literature, the research on ships working together has started recently. Several
different scenarios have been considered. For instance [1] about towing, [2] about ship formation control, or [3]
about synchronization of two ships. The general approach is to extend to the marine context a main stream of
contemporary research about multirobot systems [4]. Given a mobile robot, its behaviour may be governed by a
reactive [5] or by a deliberative [6] approach, or any combination of both. The term agent is used as an important
metaphor, being applied in different areas with a variety of specific meanings. Robots taking own decisions can
be considered as agents [7]. Several robots can work as a team, with proper strategies [8-10]. There are several
issues to be considered to constitute a robotic team:

e The existence or not of communication means between agents. In case of having communications, they
can be more or less error free.

e The type of coordination strategy. For instance, there is a central coordinator, or not. Decisions can be
delegated in more or less extent. The coordination policy may change along an operation.

e Team members can have different capabilities or dynamic characteristics: the team can be
homogeneous or heterogeneous (perhaps with hierarchies).

e The external conditions, which can change along an operation in the sea for instance.



The main approach of the simulation environment: is that each ship is an agent. Each agent obeys to behaviour
rules that are specified using the simulation facilities. The simulation environment is made with MATLAB-
SIMULINK. The paper, after a description of the simulation environment, presents two simulation experiments
about formation control, highlighting interesting phenomena.

2. Simulation environment design

According to [10] the cooperation of robots involves three main aspects. One is knowledge of one agent about
other agents. Another is coordination between robots, which can be strong, light, or none. The last is
organization, which can be strongly centralized, lightly centralized, or completely distributed. In this paper the
following specifications have been considered:

e The agents have knowledge about each other.

e The agents are strongly coordinated. Each ship takes decisions taking into account the actions of the
other ships. A coordination protocol must be applied.

e The system is slightly centralized. There exists a leader of the team. However who is the leader may
change along an operation.

In our research, the fundamental structure of an agent (ship) is as depicted in figure 1. There are several modules.
Let us describe in particular each module.

PATH SENSORS AND
PLANNING COMUNICATIONS,

INTELLIGENCE

PHYSICAL

Figure 1. Modular composition of an agent.

The path planner module determines the path to be followed by the ship, taking into account obstacles, the ship
mission at the moment and the location of the other ships.

In every moment, the immediate targets of the ship are decided by the intelligence module. It analyzes the events
taking place, such the case of communication failures with the rest of the ships, or collision dangers, or the
transition to another mission step, etc. A normal decision of the intelligence is to continue with the plan given by
the path planner. Other decisions are to make the path planner to re-think, or, if required by the situation, to take
safety measures.

The sensorial and communications module is assigned two tasks. One of the tasks is keep the intelligence
module informed about the objects (obstacles or ships) surrounding the ship. The other task is to share
information with the other ships, exchanging messages about position and speed.



A mathematical model of the 2D ship dynamics is the heart of the ship dynamics module. The model determines
the ship motions in function of the forces and moments acting on the ship. The ship dynamics module includes
also the ship controllers and the actuators, which govern the heading and speed. Currents and wind are also
considered. The decisions of the intelligence module concern the ship controllers’ inputs.

Notice that ship dynamics is different from the typical dynamics of terrestrial mobile robots. In the case of ships,
when a ship turns there is an important sway motion due to centrifugal forces (in function of speed). In case that
two ships are towing a boom, there is a risk of breaking the boom when turning (a ship faster than the other).

Figure 2 shows a conceptual diagram of the simulation environment structure. There are several agents (ships)
living in a environment that is managed by an external control module. This module is in charge of simulation
experiments specification and supervision. It is used to specify a mission, to establish an scenario with obstacles,
to tell the ships what coordination protocol to follow in every mission step, to specify what kind of sensors are
used by each agent, etc. During the simulation experiments, the external control module can introduce
communication failures, current and wind changes, or even mission changes.

EXTERNAL CONTROL

Figure 2. Concept of the simulation environment

3. Details of the simulation environment

In the beginning of the research, it was decided to develop a flexible simulation platform, open to changes in
several aspects of the simulation. Consequently, the simulation implementation is modular and prepared for
incremental functional enrichment and improvement. The simulation environment has been developed with
MATLAB and SIMULINK. The behaviour of the ships has been described with several local automata. The
toolbox STATEFLOW has been used, and the results obtained have been functionally linked to the SIMULINK
environment.

Figure 3 shows the main screen of the simulation environment, where a particular example of a team of five
ships has been configured. The external control module is connected to all the ships. There is a 3D visualization
window to observe the marine operation executed by the team of ships.
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Figure 3. Main simulation screen

Using the tools of the simulation environment, the user can change the size, mass, inertia moments, etc. of each
ship. In addition, the automata defining the behaviours of each ship can be modified at any time during
simulation experiments.

When working with SIMULINK, complex behavioural structures can be established by successive encapsulation
of SIMULINK model diagrams. Figure 4 shows a deployment of the SIMULINK and STATEFLOW models
that have been embedded into each of the agents (ships), according with the conceptual decomposition into
modules (figure 1).
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Figure 4. Deployment of the SIMULINK models in each agent



Notice in figure 4 a set of STATEFLOW diagrams, describing several automata. They hang from the intelligence
module and correspond to just two missions that have been studied and that will be described in the next
sections. One is the formation in parallel, and the other is the in-line formation. Other SIMULINK diagrams in
figure 4 correspond to the path planner module, the ship dynamics module, the sensorial and communication
module, and the interaction with the external control module.

Once a simulation experiment is finished, all relevant data are stored on files for further analysis. Along
simulation experiments, there is access to windows with current data on ship positions, speeds, etc.

4. Examples of simulation studies

In the following two sections, two examples of simulation studies will be presented. Both examples have some
specifications in common. Let us inform about it.

From years ago we conduct experiments in a towing tank facility near our University, in Madrid. The name of
the facility is “Canal de Experiencias Hidrodinamicas de El Pardo (CEHIPAR)”. In particular, we use a 150m x
30m basin with a wavemaker. Five scaled down ships have been built for the research on cooperative marine
operations. This is why in our simulation experiments a team of five ships has been specified. They have
different sizes and dynamic characteristics. Table 1 shows the length and the numbering of the scaled ships.

Ship | Length (m)
1 1.4
2 1.3
3 1.3
4 0.6
5 0.6

Table 1. Ships’ characteristics.

The general framework of our research combines two fronts, the first is computer simulation, where several
marine operation protocols can be analyzed, and the second is experimental verification of selected and well
tuned protocols. The intelligence module in each ship impersonates the cooperation protocol.

The heading and speed control in each ship is exerted by PID controllers, reproducing what is usual in the
practical maritime world. Our study focus on cooperation protocols, so conventional PID tuning has been used.
It is a matter of further research to try perhaps better controller tuning in view of the operations.

All experiments depart from random positions of the ships. From the initial positions, the ships are asked to
constitute a certain type of formation, using a certain cooperation strategy. Figure 5 shows a simulation screen
with initial positions of the five ships

Figure 5. Initial configuration of ships’ positions



5. In parallel ship formation

Let us ask the ships to attain a formation in parallel. A first cooperation strategy is to adjust my ship position
with respect to the neighbour ship. Figure 6(a) shows the trajectories of the five ships. The ship number 1
follows a straight course (Y=15). Ship 2 departs from above Y=0 and converges to Y=10. Ship 3 departs from
above Y=5 and converges to Y=20. Both ships 2 and 3 take as reference ship 1. Ship 4 takes as reference ship 2,
and ship 5 takes as reference ship 3. The references used by ships 4 and 5 are shown in the figure with dashed
curves.
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Figure 7 shows the simulation screen showing the parallel formation obtained.

Figure 7. Final result of the experiment

Another cooperation strategy is all ships taking as reference ship 1 as the leader. Figure 8(a) shows the
trajectories of the ships with this strategy. Figure 8(b) shows the evolution of the heading angles of the ships. In
general the ship trajectories have less overshoot than with the first tried strategy.



25 /A
20

//

y (m)

.
50 100 150 200 250 300
time (s)
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5. In line ship formation
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In this experiment the ships are asked to attain an in line formation. The strategy is simple; the ship n+/ takes as
reference the ship n. Figure 9(a) shows the trajectories of the ships, and figure 9(b) shows the evolution of the
heading angle. Notice that ships 3 and 4 have turned around - 2.
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It is interesting to plot the evolution of the ships’ speeds during the operation. The intelligence module makes the
speed decrease abruptly when the distance to another ship is considered too short. Consequently a typical
phenomenon noticed by car drivers, in slow traffic, appears. Figure 10 shows the speed evolution of the five

ships.
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Figure 10. Speed evolution of the ships.

6 Conclusions

In this paper a simulation environment has been introduced for the study of automatized cooperation in marine
crafts operations. It is a modular a flexible environment where different cooperation protocols can be studied,
and many types of operational scenarios can be defined. It is open for improvements and functional empowering.
It can also be used for other robotic contexts, such aerial vehicles.

The simulation environment is being used to establish good cooperation protocol candidates, to be verified with
scaled down ships in a towing tank facility.
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