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We present an agent-based system for modeling, analyzing and reasoning 
in the maritime  domain with the emphasis on detecting, anticipating and 
preventing illegitimate activities, such as illegal fishing, waste dumping or 
contemporary maritime piracy. At the core of the system is a data-driven agent-
based simulation which combines a rich array of sources of real-world piracy-
related data with simulated operation of thousands of vessels of different types 

in order to create a rich model of maritime activity. The simulation is integrated 
with a range of advanced adversarial reasoning methods for analyzing 
illegitimate activities and for  planning active counter-measures. In 
combination with experiment support tools and a presentation frontend based 
on Google Earth, the system provides a complete testbed for the development 
and evaluation of counterpiracy methods based on the multi-agent approach. 

 

Probabilistic Trajectory Modeling 
 
We have developed a method for 

learning typical motion patterns for 
individual classes of vessels based on 
their historic trajectory data. The 
method works on two levels, using  
gaussian mixture models of the spatial 
density of maritime traffic and a 
hidden Markov model generalizing the 
vessel trajectories. The model is 
employed to determine vessel type, 
predict further vessel behavior or detect anomalous trajectories.  On a test data 
set obtained from traffic simulation, the method achieved 95% accuracy. 
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Testbed Architecture 
 
T h e  m o d u l a r i t y  a n d 

extensibility of the simulation 
testbed has been met by emplying 
a loosely coupled architecture 
with clearly defined data flows. 
The main layers of the testbed are 
the maritime traffic simulation 
layer, the analysis layer,  the 
planning and coordination layer 
and the  presentation layer . 

 

Incident Risk Modeling 
 

We model the macroscopic, aggregate 
properties of the maritime activity, in 
particular the risk of piracy incidents as a function of location. Such an aggregate 
representation provides a useful abstraction for reasoning about risks and can be 
later employed e.g. optimal patrol allocation or insurance rate estimation. 

 

Objectives 
 

The project investigates how agent-based techniques can be 
employed to improve the ability to detect, uderstand, anticipate and 
prevent illegal maritime activities and maritime crime, such as 
illegal fishing, waste dumping or maritime piracy.   We aim to create 
a rich simulation where the developed techniques can be tested.  
Observing the situation, we want to create a model that can  classify 
vessels, predict future movement and detect anomalies. And pro-
actively planning and navigating legitimate traffic through dangerous 
waters using game theoretic and coordination techniques, we want 
to minimize negative impact of  the maritime crimes. 

 

Game-Theoretic Trajectory Planning 
 

The trajectory planning 
module implements a game 
theoretic approach for near 
optimum selection of transit 
routes minimizing the risk of 
a pirate attack.  

The problem is formalized 
as a zero-sum normal game 
of two players on a graph; an optimum randomized route selection strategy for the 
transiting vessel is then sought as a mixed-strategy Nash equilibrium of the game 
using complexity reduction techniques. The plans produced by the method can be 
executed by the vessels transiting the area. 

 

Agent Behavior Modeling 
 

Vessel agent behavior is implemented by a 
finite state machine that consists of states that 
represent agent‘s principal mental states. 
Transitions between the states are defined by unconditional state transitions or 
by conditional transitions conditioned by external events. 

Google Earth based  frontend 
allows rich, easy-to-navigate 
display of provided geospatial 
data as well as  of  the output of 
the simulation Testbed. 

Layer based visualization allows 
to display different modules eas-
ily. Each layer represents a KML 
file that is statically linked or dy-
namically created and streamed 
via an HTTP link. 

More detailed information about data 
elements can be easily displayed using 
GE‘s built-in dialogues. 

Operational behavior data, such as local 
information about piracy hubs, transit 
corridor are integrated with behavioral 
data such as  past  incidents, real world 
trajectories etc. 


