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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 illegal 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 
number 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 illegal 
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 counter maritime-crime 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, employing spatial 
Gaussian mixture models and temporal 
hidden Markov models to represent 
trajectory patterns. The models can be 
used 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 
 

At the center of the testbed is a 
real-world data-driven agent-
based model of maritime traffic. 
Thanks to testbed‘s modular 
architecture, different counter-
crime algorithms can be integrated 
and experimentally evaluated 
u n d e r  v a r i e d  o p e r a t i o n a l 
conditions both on synthetic and 
real-world data. The output of all 
components is presented in a 
Google-Earth-based interface. 

 

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

 

Objectives 
 
Our objective are two-fold: 
1. We investigate techniques by which characteristic patterns 

of maritime activity can be captured and extracted, ideally 
in an automated way from the observation of vessel behavior, 
and effectively utilized to detect, predict and understand 
maritime crime.   

2. We investigate agent-based coordination and planning 
techniques by maritime crime or the risks associated with it 
can be eliminated or reduced through improved 
organization of naval traffic (transit routing, convoy forming) 
or through more effective deployment of counter measures 
(patrol deployment).  

 

Game-Theoretic Route 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 employed by the vessels transiting the area. 

 

Agent Behavior Modeling 
 
Each vessel is modeled as an 
autonomous, goal-oriented agent 
operating in the environment and 
interacting with other agents. Different 
categories of vessels are modeled; several thousands of vessels can be 
simulated at the same time giving rise to a rich model of maritime activity. 

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 al-
lows to display different mod-
ules easily. Each layer repre-
sents a KML file that is statically 
linked or dynamically created 
and streamed via an HTTP link. 

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

Geographical data, such as infor-
mation about piracy hubs, transit 
corr idor are integrated with 
behavioral data such as  past  
incidents, real world trajectories etc. 


