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2020.01: Context-aware epidemic models for tracking the spread diseases via mobility
networks. In the aftermath of epidemic or pandemic outbreaks like the latest SARS-nCoV-
2, the previous SARS and MERS epidemics, or other known diseases like ebola, it has been
established that one of the major factors in predicting and containing the spread is the
mobility characteristics of the general population. The standard epidemic models like SIR
or SEIR, even in their “compartmentalized” variants, are unable to capture the context-
sensitive information about the transportation routes, the intensity of their flow, their
temporal variability, etc. On the other hand, the field of spatial epidemiology usually
incorporates poorer dynamics than SEIR-like modeling, as it is mostly related to health
geography rather than mobility tracking. There are several datasets from various sources
that can be used to fuse together these different approaches into more realistic and
context-aware epidemic models, from incorporating international flight routes for
continent-level analysis to urban traffic analytics for city-level analytics. This project aims
at investigating these novel approaches, explore the mobility datasets that are available
and propose hints on how the epidemic models can be augmented with detailed mobility
analytics. Contact person: Dr. Harris Georgiou (hgeorgiou@unipi.gr)

2020.02: Spectral decomposition and sparse models for Big Data & robust data analytics.
In modern biomedical imaging, such as fMRI for brain, the main processing pipeline
includes proper registration, filtering and statistical characterization for a very large
number of correlated random variables in the form of time series. These stages are often
based on “spectral” component analysis in terms of blind source separation, i.e., “unmix”
the original data and identify the (few) true underlying generating processes that produce
this large sets of high dimensionality. The same problem is present in various other
contexts and modalities, such as the identification of trends in “big data” tasks, graphs and
flows in traffic/trajectory modeling, outlier events detection, etc. In practice, these
approaches include algorithms from Machine Learning, such as PCA, ICA, Dictionary
Learning and/or Compressed Sensing (depending on the exact problem). Furthermore,
fractal dimension analysis and other approaches from adaptive filter theory & dynamic
systems can be employed to assess the validity of features, clusters, dimensionality
reduction, etc. In this project, we will study a specific big data and/or data mining problem
under the scope of these approaches and provide a comparative assessment against other
established algorithms used in the same task. Contact person: Dr. Harris Georgiou

(hgeorgiou@unipi.gr)

2020.03: Driver behavior profiling from trajectory analytics using supervised and
unsupervised models. Driver behavior profiling (DBP), specifically in relation to identifying
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“good” versus “bad” driving patterns,is one of the most challenging problems in
mobility data analytics. The core problem usually incorporates location and accelerometer
data, which have to be combined, mutually “corrected” for noise and other artifacts, map-
matched to the underlying road network, before extracting any useful mobility pattern or
“signature” that can be used for modeling driver categories. While the long-term approach
in DBP has been explored using location-only data, e.g. from single GPS sensors, the short-
term approach is inherently more demanding in terms of spatio-temporal resolution, data
quality and additional sensing modalities. In practice, tracking the movement of a single
car or driver for an entire month to extract commonly used routes, visited POls or risk of
car crash within this context is inherently more straight-forward and well-studied than
having to analyze movement patterns in the context of few minutes or seconds to
distinguish between “good” and “bad” driving. The short-term case, being more
challenging, is normally approached by employing multi-modal, high-resolution sensing,
e.g. location tracking together with accelerometer measurements, while at the same time
having pre-determined training routes and confirmed driver “events” as ground truth for
model training. However, these pre-requisites cannot always be satisfied, as multiple
sensing and/or ground truth may not be unavailable, sampling rates may be too low, etc.
This project aims at investigating the DBP problem in the context of short-term mobility
analytics, using location data with or without the availability of accelerometer data, in
supervised and/or unsupervised modes (depending on the dataset), in order to identify
robust and effective features and models that distinguish DBP categories for “good” and
“bad” driving. Contact person: Dr. Harris Georgiou (hgeorgiou@unipi.gr)

2020.04: Discovering trends and outliers in biomedical sensory data for the general
population. Modern wearable and I1oT technology enables the creation of “always on”
monitoring applications that can be active in dedicated devices or in a smartphone. Using
non-invasive techniques and multi-modal sensory data, it is possible to monitor many
important biomedical data from a person, either as part of a medical procedure (e.g. long-
term heart monitoring) or normal daily activities and recreation (e.g. athletics). When these
data are combined anonymously, it is possible to extract the predominant trends and
statistics for the general population, but more importantly, to identify abnormal patterns
and outliers that may be hints to medical conditions that require attention. This process
can be investigated, optimized and streamlined, in order to be implementable as
applications running in devices of very limited memory, processing and connectivity
resources, such as in smartphones in offline/asynchronous mode. As an example, such
datasets may include ECG (cardiac), SpO2 (oximetry), respiration, temperature, sweating,
etc. Contact person: Dr. Harris Georgiou (hgeorgiou@unipi.gr)

2020.05: ATIELKOVION UEYAAWY KUKAOQOPLOKWY SESOUEVWY HECWY UETAPOPAS OTNV
Attiki. H cuAdoyn] kat Slaxelplon SedOUEVWY OXETIKWY UE T MMM oTny TEPLOXN TNG
ATTIKAG, yivetal artd tov OAZA. O OAZA cuAAEyeL SedOUEVA LECW TOU CUCTAUATOC
«TNAEUATIKI» KOl HECW TWV NAEKTPOVIKWY Eeloltnplwy, Tta omola UImopovv va
XOPAKTNPLOTOVY w MeydAa Aedopuéva (Big Data), Adyw tou dykov, Tng mowklAopop@lag,
TOU puBUOL TTapaywyNg Kat LETAS00NG, TNG LETABAAASUEVNG aKP(BELAG, KABWC KAl TNG
emyelpnolakng aglag toug («5Vs»). H eyyevric duokoAla Siaxelplong auvtwy Twv
dedouévwy, Onuovpyel TPOKANCEL O0OV a@opd OTnv amobriKevon TOug Of
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TAatpOpueg dlaxelptong MeydAwy Aedopévwy, 0TNY TTEPALTEPW AVAAVGCT] TOUG KABWC
Kol OTNY QameKOVION TOUG. ZKOTOG TNG TTUXLAKNG elvat n xprion rf/kat avamtuén
KATAAANAWY gpyaAelwy yla Tn SloXe(pLOn Kal ATTELKOVLIOT LEYAAWY KUKAOQOPLOKWY
dedopuévwy. Contact person: Dr. Eva Chondrodima (evachon@unipi.gr)

2020.06: BeAtioTOoMOINON TWV dpooAoyiwy Twy HEGWY HeETAPOPAG. Ta dnudcta MMM
EMNPEAlOLY ONUAVTIKA TOV OLKOVOUIKO TPOUTTOAOYIOUS UG Xwpag. Amd tn ua
gvioxVeTaL 1 owKovouia, SLOTL Eva ATTOTEAECUATIKO CUOTNUA SNUOCLWY HETAPOPWY
eAKUEL TtEPLOOOTEPOVG €eTIPATES, oL omolol UEéow Twv elottnplwy Tov ekdidouv
ouUPBAAAovy oty aVgnon Twy E008WVY TOU KPATOUG. ATtO TNV AAAN, oL KUBEPVNOELS TWV
XWPWV €xouv ekdnAwoel €vtovn avnouxia yw B€pata, Omwg n vPNAR T Twy
Kavolpwy, ta €£0da ouvtripnong Twv OXNUATWY, TG ATUXNUATA TTou UTopel va
oupPaivouv o€ KaBnueplvr) Baon, ta omola, OUwWE, UE TG KATAAANAEG evEpyeELeg Oa
UITOPOVCAY VO AVTLLETWTILOTOUY UE ETITUX(O. ZKOTTOG TNG TTTUXLAKNG elval n xprion n/Kat
AvVATTTUEN KATAAANAWY TEXVIKWY Yla TN BeATIoTOTONON TWwY dpoporoylwy Twy HECWY
LETAWOPAC LE 0TOXO TN Helwon Tou aplOpov Twy emPBatwy avd otdon, ri/Kkat tn pelwon
NG KatavdAwong Kavo(pov, r/kat tn Uelwon tov plokov Twv atuynudtwy. Contact
person: Dr. Eva Chondrodima (evachon@unipi.gr)

2020.07: MpSPAsdn Tov aplduov Twv ETMPATWY OTI CTACELS TWV LECWV LETAPOPAG 1/KaL
TWYV YPOUUWY TOUG. XTOX0G Twv MMM glval n Tapoxr] AmOTEAECUATIKWY, A§LOTLOTWY,
A0@AAWY Kal BUOCLLWY VTTNPECLWY LETAPOPAG LPNATG TTOLOTNTAC, (DOTE VO ATTOTEAOVV
ot €EAKUOTIKA] €VOAAOKTIKA AUon €vavil AAAwv péowv PeETAa@opd (WBlwTtka
avtokivnta, Ta&l, KTA.). O oXedAOUOC TETOWWV «EAKUOTIKWV» KAl TAUTOXpOvVaA
«OIKOVOULKWY» MMM avtigetwmilel moAAEG mpokAoel,. Ta MMM amoteAolv
eEAPETIKA TEP(MAOKA CUOTAUATA, AOYW TNG TEXVIKNAG KAl OPYOVWTIKNG TOUG
TOAUTTAOKOTNTAG, AAAL Kot AOyw TOou UeydAov aplBuol emPBatwy mov eEUMNPETOLY
KaBnuepwvd. H mtpdPAsdn touv apBpol tTwv emPaTWV 0TI OTACEL TWY AEW@OpPElWwY
uropel va Bondrioel 6To va emavaoyedlaoTouy Ta SPOUOASYLA TWY AEWPOPE(WY OTE
yla  Topddelyya va  TEPVOUV TO ouxvd amd OTACE TOU TTOPOULCLAoLY
OUVWOTIOUO. TKOTOG NG TTUXLAKNAG Elval n xprion n/kat avdamtuén adyop®uwv
UNXAVIKAG LABNnong, yla Ty TpoRAedn Tou apOpol Twv EMPATWY OTI( OTACEL] TWVY
HECWY UETAWOPAS /KAl TWV YPAUULWY TOUG, KATAAANAWY ylo LEYAAQ KUKAO@OPLOKA
dedopéva. Contact person: Dr. Eva Chondrodima (evachon@unipi.gr)

2020.08: Detecting super-spreaders by utilizing big mobility data. With the recent Covid-
19 outbreak, where severe restriction in the movement of individuals were imposed, the
need for identifying, in time, individuals who are more likely to infect other is more
imperative than ever. A factor that plays a significant role in this is human mobility and
interaction. In this thesis, we are going to utilize large scale human mobility data in order
to detect super-spreaders, who may play a significant role in the outbreak of a disease.
Contact person: Dr. Panagiotis Tampakis (ptampak@unipi.gr)
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2020.09: Online trajectory join over big mobility data. Joining trajectory datasets is a
significant operation in mobility data analytics and the cornerstone of various methods
that aim to extract knowledge out of them.In the era of Big Data, the production of
mobility data has become massive in terms of volume and velocity and, consequently,
performing such an operation in a centralized way is not feasible. In this thesis, we are
going to tackle the problem of trajectory join in a streaming environment where the goal
is, given two large sets of trajectories, to identify in a latent way all pairs of trajectories that
are "close enough" in space and time for at least some duration. Contact person: Dr.
Panagiotis Tampakis (ptampak@unipi.gr)

2020.10: Detecting statistically significant spatial clusters in vessel data. Maritime
surveillance operations are of great importance in terms of determining the exact location
and activity of vessels, among others. Monitoring traffic patterns from various surveillance
means (e.g., AlS, VMS), provides a wealth of information useful for maritime safety,
security and efficiency. In this thesis, we will explore the application of distributed
clustering algorithms in order to discover statistically significant spatial clusters from large
maritime surveillance data. In particular, we will use real datasets containing surveillance
information, i.e., navigation-related data regarding fishing activity, to provide insights into
the movements of individual fishing vessels. The exploitation of these data can discover
locations where vessels concentrate, indicating highly populated areas (e.g., anchorages
and ports) as well as allow us to understand fishing patterns. Contact person: Yannis
Kontoulis (ikontoulis@unipi.gr)

2020.11: Sport analytics via mobility analytics. Recently analytics in professional sports has
experienced a huge growth due to the wide deployment of player and ball tracking
systems. The massive amount of such fine-grained data can provide insights on players’
and team’s performance. The goal of this thesis is to apply mobility analytics techniques to
such data, exploring offline or online methods of classification and/or clustering patterns
that could be useful for predictive analytic purposes (e.g. prediction of a game’s outcome).
Contact person: Prof. Nikos Pelekis (npelekis@unipi.gr)

2020.12: Online network-aware trajectory clustering. Nowadays, large amounts of
tracking data are generated via location enabled devices and other advanced tracking
technologies. In this thesis, we will design and implement an online and distributed
clustering algorithm for such streaming trajectory data moving on urban networks.
Contact person: Prof. Nikos Pelekis (npelekis@unipi.gr)

2020.13: Comparative analysis of tools for big trajectory datasets. Lately, a number of big
data tools has been introduced to facilitate the analysis and processing of big trajectory
datasets. The goal of this thesis will be to develop a comparative analysis of state-of-the-
art systems such as TrajSpark, UlTraMan, VIPTRA, STHadoop, STARK, etc. Contact person:
Prof. Nikos Pelekis (npelekis@unipi.gr)
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2020.14: Indexing & mining single- and multi-dimensional data series. In recent years, with
the enormous growth of WWW and the advances in hardware and software technologies,
we have the ability to track in real time any kind of transactions, such as customer click
data, patient health data, TCP/IP traffic, GPS data etc., in order to support real time decision
making. Typically, this kind of data arrives as data series (timeseries), therefore, searching
and mining through this information requires efficient techniques for data series indexing.
Recently, a number of effective methods for indexing data series have been proposed,
with iSAX family being the most notable', reaching up to the efficient indexing of billion
data series. In this project, we will study these techniques, implement the most promising
ones, and validate them using large real datasets. Contact person: Prof. Yannis Theodoridis
(ytheod@unipi.gr)

For more info about the Data Science Lab activities, please visit: www.datastories.org.

Piraeus, April 2020.

TiSAX page: http://www.cs.ucr.edu/~eamonn/iSAX/iSAX.html.
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