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Abstract-We present a Maritime Situational Awareness 

(MSA) framework for detecting and forecasting maritime events 

(e.g., illegal fishing) over streams of Big maritime Data. The 

architecture of the MSA framework relies on the following 

state-of-the-art components: (i) the Maritime Event Detector 
which uses data-driven distributed techniques deployed on a 
computer cluster to detect maritime events of interest in an 

online, real-time fashion, (ii) the Complex Event Forecasting 
module, which implements state-of-the-art distributed Complex 

Event Forecasting techniques for maritime data, (iii) the Synopses 

Data Engine component, that creates synopses of maritime data 

improving the scalability of the framework and (iv) the streaming 

extension of a popular data science platform, namely RapidMiner 
Studio, that integrates all the above, allowing users to graphically 

design and rapidly implement Big Data analytics pipelines which 
can be deployed transparently on top of distributed architectures. 

I. INTRODUCTION 

The Maritime Situational Awareness (MSA) involves the 
efficient utilisation of maritime surveillance means in order 
to assist in the understanding of the global maritime activ
ities. Since more than 90% of the global trade is carried 
by vessels [l], improving the global MSA is crucial. The 
development of the Automatic Identification System (AIS) 
and its standardisation by IMO in 2018 [2] was disruptive. 
AIS transponders transmit AIS messages that contain dynamic, 
navigational information about vessels (i.e., location, speed, 
heading, course, etc.) that hold for a given timestamp as well 
as static information (i.e., identifier, name, vessel type, dimen
sions, etc.). These messages are collected by AIS receivers 
that are installed aboard, ashore or on satellites (SAT-AIS). 
Although all passenger ships and ships with more than 300 
gross tonnage bear an AIS transceiver, vessels may switch 
off their transponders when engaging in illegal activities (e.g., 
smuggling, illegal fishing, trafficking, illegal trans-shipments). 

The rapidly increasing availability of multiple sources of 
data in the maritime industry, together with the recent advances 
in the areas of Big Data and AI have unlocked opportunities to 
derive new knowledge, otherwise hidden in the vast maritime 

data silos. This motivation has fueled the development of new 
data science techniques for maritime data [3]. 

However, significant challenges still need to be addressed 
in the industrial maritime setting: (i) The increasing availabil
ity of maritime data sources resulted in Big maritime Data 
that have surpassed the limits of centralised data processing 
architectures. Maritime data are huge in volume and come 
in a streaming fashion, such as high-speed streams of AIS 
messages (velocity). Moreover, they are available via a variety 
of sources (i.e., AIS, acoustic, satellite image data) that call 
for different data cleaning methods (to deal with the lack of 
veracity) in order to be usable. MarineTraffic 1 owns the largest 
AIS network worldwide and processes nearly l Billion AIS 
messages accumulating "'100 GB of AIS data, every day. 
This data is complemented by other data sources such as 
satellite image data of tens of TBs. (ii) Maritime data science 
workflows can become very complex and not easy to maintain 
or update. (iii) Different technologies/platforms are suitable 
for different data science tasks. In tum, data scientists need 
to know the specifications of different Big Data platforms, 
languages and libraries. (iv) Most MSA applications are bound 
to technologies and tightly coupled/monolithic architectures 
that often become deprecated and are cumbersome in new 
implementations of evolving application information needs. 

We present a novel MSA framework for detecting and 
forecasting maritime events that addresses the aforementioned 
Big maritime Data challenges. Figure l illustrates the com
ponents of our MSA architecture (described in Section II). 
Some early efforts on developing individual components of 
this architecture have been presented independently, such as 
the Synopsis Data Engine in [ 4], a non-distributecf- version 
of the Complex Event Processing and Forecasting module 
(CEP/CEF) in [5], [6] or part of the Maritime Event Detector 
in [7], [8]. In the current work we present for the first time a 
full-fledged, scalable, distributed architecture in which the var-

1 https://www.marinetraffic.com 
2The terms parallel and distributed are used interchangeably. 
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