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Project background and industrial motives

The CENIIT project “Interactive visual event-sequence mining” is concerned with one
of the main drawbacks of most data mining algorithms in general and sequence mining
algorithms in particular. Namely, the fact that most algorithms operate as a “black box”
and the contribution of the end user, that aims to benefit from their results, is limited to
adjusting some initial parameters which act as constraints on them. Long lists of patterns
are then output from the computation of these algorithms many of which are irrelevant
to the end user who needs to scan and assess them.

The core issue we address within this project is to develop approaches to sequential
pattern mining that deeply embed interaction and domain knowledge within the mining
algorithm to facilitate exploratory sequence mining. In this way, interestingness of se-
quence mining results is enhanced. Interestingness in this context implies the relevance
of the results to the analysis questions of the domain expert performing the analysis. To
accomplish this we have been investigating and developing visual analytics approaches
that combine modern interactive visualization techniques with algorithmic computation
in order to create a “transparent box” execution model of analysis.

The research undertaken in this project is motivated by the vast number of systems
which produce high-dimensional event-sequence data, many of them being significant to
both society and industry. Examples can be found in industrial processes where monitoring
and early warning systems produce sequences of alarm-events; in eye-tracking experiments
as sequences fixations on areas of interest; in the medical sector through the use of medical
records for diagnostics and treatment planning among many others.

Summary of most important scientific results

This project has over its course been evolving in two paths. One path has been focusing
on core research issues and has been producing results in terms of development of new
algorithms and interactive analysis methods that are applicable to a wide range of areas as
well as theoretical contributions (publications [1-3],[5-7],[10-14],[17-18],[22-29]). A second
part has been concerned with the use of the researched methods for performing analyses
and identifying new directions for continued research (publications [4], [8-9],[15-16], [19-
21],[30]). Through this process, several extensions into new application areas have emerged
and new related projects have commenced.

A core scientific contribution produced during this project has been the exploratory
sequence mining approach presented in [17,28] and the accompanying prototype system,
ELOQUENCE, implementing the approach. In continued research, the approach was ex-
tended to handle long duration sequences [10] and the identification of patterns within
and between sequences. In addition, the definition of similarity between event-sequences
and their comparison based on this has been explored [27]. These have provided a solid
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base for our continued research on interactive visual event-sequence analysis and have
been applied and extended in a number of application oriented projects and problems.
Particularly, through our collaboration with the Swedish Air Navigation Provider (LFV),
a central research focus has been put on the analysis of eye-tracking data and the iden-
tification and analysis of patterns of visual scanning behaviour where we have made and
reported several contributions, building on combinations of computational and visual-
ization approaches, over the past years [1,3,7,11,13,14,18,23,24]. Through this research
additional challenges have been identified concerned with the effective analysis of long
and noisy event sequences. To address these challenges, two novel approaches have been
proposed recently; the first is concerned with the interactive context-aware simplification
of event sequences to enable the progressive improvement of mining results [1] and the
second is concerned the identification of overarching behavioural phases as patterns from
the event sequences [29].

Two additional theoretical contributions made in the frames of this project have been
concerned with the potential of sequence mining for untangling complexity in complex
control processes, as that of air-traffic control [6], and the creation of a taxonomy of levels
of automation for visual analytics with examples in event-sequence analysis systems [2].

Complementing the above outlined core research several collaborative papers have
been produced applying aspects of interactive visual event sequence analysis to a number
of diverging areas [4,5,8,9,15,16,19,20,21,25].

Summary of degrees and promotions

Prithiviraj Muthumanickam received his PhD with his doctoral thesis entitled “Data Ab-
straction and Pattern Identification in Time-series Data” in 2019. Prithiviraj, who was
co-supervised by Katerina Vrotsou and Aida Nordman, was associated to the project but
was funded by a Swedish research council grant (“A user-centered information visualization
framework for detecting and exploring change in high dimensional temporal data”).

Katerina Vrotsou was promoted to Senior lecturer in Information Visualization (Uni-
versitetslektor) in April 2020 and to Docent in Visualization and Media Technology in
January 2021.

Masters thesis performed within the project

There have been two masters thesis that have been directly related to the project: (1)
“Visualization and analysis of diagnostic/maintenance data for promoting lifetime man-
agement of gas turbines” conducted by Jonas Petersson in 2015, and (2) “Interactive Visu-
alization System Supporting User Guided Constraint-based Sequence Mining” conducted
by Joakim Deborg in 2016.

Persons funded by the project

The project over its course has been mainly funding Katerina Vrotsou (PI), Aida Nordman
(co-applicant) and occasionally a research engineer.
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Industrial collaboration

e Main industrial collaborator of the project since 2018 has been the Swedish Air
Navigation Service Provider (ANSP) ‘Luftfartsverket’ (LFV). During this time a
number of parallel projects have emerged:

[1] RESKILL project, in collaboration with LFV and Swedish Maritime Admin-
istration, is concerned with the identification and exploration of visual scan
patterns of air-traffic controllers in tower control and maritime pilots with a
focus in training.

[2] OVaK (‘Objektiv verifiering av kompetens mha avancerad automation’) is con-
cerned with exploring interactive sequence mining for identifying scan patterns
of en-route ATCOs in air-traffic control centres with a focus on how ATCOs
handle conflicts in air-space.

[3] “Interactive visual data analysis of system monitoring data in Air Traffic Man-
agement” (short name: VDM) is concerned with researching the use of interac-
tive visual sequence mining techniques applied to system monitoring data and
related metadata collected from various air traffic management systems that
LFYV has across the country.

In most of our work with LFV, a primary focus has been in creating tools that can
be used in training and competence assurance of air traffic controllers.

o Swedish Maritime Administration through the RESKILL project (see point [1] above).

e Siemens Industrial Turbomachinery AB was concerned with the exploration and
identification of patterns in complicated operation and maintenance history data of
gas turbines.

New research group and research development

The funding provided by CENIIT has been decisive for the advancement and development
of the main applicant, Katerina Vrotsou. The grant was received short after she finished
her post-doc and has contributed to her development and vision as a researcher. It has
allowed her to devote time to this research area and what started as a small niched
project has resulted in follow-up funding for continuing and extending the research in new
directions. The She has led two related projects funded by Trafikverket; OVaK (2020-
2022), VDM (2020-2021). Also, in 2020 she was awarded a starting grant from the Swedish
Research Council (VR) for the project “Progressive Interactive Event Sequence Analytics:
Combining Explorative Mining and Visual Reasoning” to continue the research started
by the CENIIT project. The group currently working actively with Katerina Vrotsou
consists of a PhD student, a post-doc and a senior lecturer. In parallel, she has had the
opportunity to broaden her research vision and expand the interactive sequence mining
ideas of the CENIIT project to other fields and aspects of interactive visual data analysis,
including visual text analytics and immersive visual analytics.
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