
INSIGHT: Intelligent Synthesis and Real-time Response us-
ing Massive Streaming of Heterogeneous Data

Project INSIGHT, “Intelligent Synthesis and Real-Time Response using
Massive Streaming of Heterogeneous Data”, is a Specific Targeted Re-
search Project that runs since September 1st 2012 involving the follow-
ing partners: i) National and Kapodistrian University of Athens (UoA),
ii) IBM Ireland (IBM), iii) Fraunhofer Gesellschaft zur Foerderung der
angewandten Forschung e.V IAIS (Fraunhofer), iv) Technische Universitaet
Dortmund (TUD), v) Israel Institute of Technology (Technion), vi) Federal
Office of Civil Protection and Disaster Assistance (BBK), vii) Dublin City
Council (DCC).

Context and Objectives

Today’s Environment Today’s technological advances are fueling a virtual explosion on the
quantity, quality, and variety of information that is becoming available. As a consequence, new
challenges have risen due to three recent revolutionary technologies: a) Advances in sensor
networking and the availability of low-cost sensor-enabled devices in transportation, health-care
and emergency response, b) the widespread adoption of smart-phones and c) the extent of
social networks such as Twitter and Facebook. Each of these revolutionary technologies is
driving the development and adoption of applications where mobile devices are used as tools
for continuous data sensing, collection and analysis.

Our efforts are realized in the context of two carefully selected use cases that aim to develop
new capabilities in managing emergency situations:

(a) DCC (b) BBK (GMLZ)

Figure 1: Our two use cases

1. City Level Use Case: The City of Dublin is a Smart City already equipped with an
infrastructure of sensor that collects a wide variety of data from the urban environment.
We leverage the availability of such rich data, in combination to exploiting social media
data, to enable traffic managers to detect with a high degree of certainty unusual events
throughout the network.

2. Nation-wide Disaster Monitoring: The aim is to achieve early warning of experts at the
national joint situation and situation center and monitoring of disasters with nation-
wide impact, such as severe weather conditions, floods, evacuations and their subsequent
events, such as fires, power outages. The INSIGHT project developed a system to provide
big data monitoring and reliable detection of disasters in near real-time, operating on



combined data from stationary, mobile and social sensor networks to detect, to verify
the existence and to visualize multiple facets of a disaster, and manage its consequences,
thus improving our capability to cope with natural disasters.

The INSIGHT project aims at creating an open, flexible and powerful solution and developing
the capabilities for fundamental advances in coping with emergencies. To achieve our goal, the
project has the following innovation objectives:

1. To develop an adaptive, scalable, real-time infrastructure for emergency monitoring.

2. To develop radically new methodologies for monitoring, processing, analyzing and syn-
thesizing massive amounts of heterogeneous data for improving our ability of coping with
emergencies.

3. A major objective of INSIGHT is to facilitate the adaptation and use of the technologies
that we will develop: To ensure re-usability and facilitate faster adaptation of the proposed
methodology, we provide appropriate customized user-interfaces, as well as release code
in the public domain.

Activities and Results of Years 1, 2 and 3

From Sept 2012 to August 2015 the work of the consortium focused on the the development
of advanced algorithms and software components for event detection and event recognition,
defining an ontology of disastrous events, a generic information fusion framework as well as on
disseminating project results towards the scientific community and to the public. Furthermore
the partners integrated all components together into a basic INSIGHT core and then built two
distinct prototypes that were based on different requirements and data sources. The prototypes
were evaluated in terms of usefulness by the user partners and performance by the technical
partners. In summary, the following are the main activities and results during the three years
of the project:

Algorithmic and Systems Progress: Novel techniques were developed for: (i) Traffic modelling;
scaling novel modelling techniques to city- and country-scale, predict traffic flow in decentralized
systems, (ii) Complex event processing; investigated the scalability of complex event processing
techniques to the size of the datasets we expect, the ability to monitor for events online, and how
to maximize the throughput of a Distributed Complex Event Processing System (iii) Twitter
and social media monitoring and analysis; developed novel techniques for geo-locating twitter
messages, techniques for monitoring emotional response in social media in real time, novel visual
analytics techniques for spatio-temporal analysis of geo-located tweet datasets and real-time
event detection, distinguishing between meme and events in Twitter, extract evolving topics,
(iv) Monitoring heterogeneous data sources; investigated techniques for merging heterogeneous
data sources, both merging traffic data from different sensors in real-time, and by combining
social media data with static data to provide real-time feedback. We have also developed a
generic framework for fusing information (Round Table). (iv) Active learning and crowdsourcing;
we developed novel algorithms for user selection and an approach for using crowd-sourcing to
discover and track events. (v) Defined an ontology of disastrous events that is utilized for
communicating information between the aforementioned components.

Integration: The consortium implemented and integrated the above intelligent components into
working systems that were evaluated in real circumstances in DCC and BBK.

Evaluation: We thoroughly tested the working INSIGHT system on real circumstances: ana-
lyzing real-time data to identify issues in both use cases. The system was evaluated in two
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exercises designed by and executed in the premises of DCC and BBK. The evaluation was uti-
lized not only to asses the systems’ performance and usefulness but also to further fine tune
various elements of INSIGHT.

Collaboration: All milestones and deliverables were achieved through collaboration of all part-
ners, leading to a common understanding of the use cases, algorithmic and system perspectives.
This process provided guidance for the architectural design phase through the mapping of the
framework to the use cases, and led to the development of a working INSIGHT system. The
result was only possible because and through the strong collaboration between the INSIGHT
partners.

Dissemination Efforts: During the three years of the project, the consortium provided 77 publica-
tions in scientific conferences and journals, 51 oral presentations, 55 invited talks and keynotes,
4 Tutorial or Seminar. In addition, INSIGHT very proudly received 4 awards! The consortium
organized two very successful Mining Urban Data workshops one at the EDBT 2014 (Athens,
Greece) conference and one at ICML 2015 conference (Lille, France). In addition a special issue
at the journal of Information Systems (Elsevier) was edited by members of the consortium. The
large number of submissions (44) indicate that Urban Data is a trending research field and the
INSIGHT consortium is one of its major enablers.

Data Collection and Availability: INSIGHT developed the required technical frameworks and
interfaces in order to provide data access to a broader community. More specifically SCATS
data (traffic volume information) and Bus data (GPS signals transmitted from buses moving
around the city) are made available at Dublinked1, one of the largest data repositories of urban
information. We strongly believe that the data availability will significantly benefit the research
community and will encourage the industry to develop application with social impact.

(a) DCC (b) BBK (GMLZ)

Figure 2: INSIGHT identifies events in real time by analyzing heterogeneous streams of data

Final results and their potential impact and use

The INSIGHT project resulted to the following exploitable components

• INSIGHT System. With its architecture, round table component, ontology and flexible
ISAs, the INSIGHT system can aid cities to improve their services and their citizens’
quality of life.

• INSIGHT Architecture. Based on the lambda framework, the INSIGHT architecture en-
ables the effective and efficient management and mining of massive heterogeneous urban
data. The Architecture can be applied and utilized in any application that requires effi-
cient processing of heterogeneous data.

1www.dublinked.com
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• Intelligent Sensor Agents are INSIGHT’s independent analysis and event detection compo-
nents. Their machine learning and data mining algorithms can accurately identify events
whereas their framework ensures good scalability in Big Data applications.

• INSIGHT Methodologies for Event Detection, traffic prediction, social media analysis,
visual analytics, crowdsourcing. They can be utilized in a wide range of applications
(security, health, environment).

• The INSIGHT Round-Table is a unique tool for uncertainty management that is tuned for
information fusion in a streaming environment of heterogeneous spatio-temporal data.

• Datasets. A rich collection of data regarding traffic, floods and disastrous events can be
used for any sort of data analysis.

• The INSIGHT Ontology of disastrous events will constitute a valuable resource for appli-
cations related to traffic management and emergency response. The provided tools for
processing, data transformation, and inference will enable the easy adoption and spread
of the ontology.

• Mobile Application (CrowdAlert). The app will be of great interest not only to trans-
portation officials but also to end users located in the cities Dublin. More specifically,
Traffic operators, Smart city personnel, Residents, Daily commuters, and city visitors.

• INSIGHT Interface and Visualizations. The INSIGHT Visualization systems is a web ap-
plication that allows multiple users to view in real time events detected by and provides
them with tools that visualize multiple data sources. This interface can be used with real
or simulated data in order to be utilized for education and training purposes in organiza-
tions like Transport Departments of a City or organizations about Civic Protection. Other
interest parties could be Target Group Smart Cities, Transport Department or Companies,
Environmental and Energy Organizations, Civic Protection Organizations.

• Mentoring impact and involvement of female researchers. INSIGHT played a major role
in the mentoring of students in 3 higher-learning institutions (UoA, TUDO, Technion), as
well in the advancement of young researchers in IBM and Fraunhofer. More specifically
3 students completed their PhD studies and 5 students are now continuing their PhD
studies. Moreover 4 young researchers advanced their research career. The project also
supported 6 female researchers.

Public Website and Additional Resources

INSIGHT’s website: http://www.insight-ict.eu.
INSIGHT’s youtube channel: www.youtube.com/channel/UCORvM9dn5fz6ZQoEtg-gIzg
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