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Introduction

• The location information and movement-related data is 
becoming easier and easier to collect from the user mobile 
devices: cellular&Wifi localization solutions already available + 
GNSS solutions

• Significant research and commercial efforts dedicated to 
analyze the user location and movement data in the last 
decade

• The goal of this paper is to give a compact and
• comprehensive overview of the challenges and solutions 

related to collecting, storing, analyzing, visualizing, using or 
distributing people’s movement data
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Motivation – Why mobility 
data?
Examples of application areas
- Ehealth

 Changes in a person’s mobility patterns can be related with physical 
and emotional well-being and can signal incipient Neurodegenerative 
diseases

 Mobility patterns and frequency of falls can be used as risk detectors of 
an incipient neuro-degenerative disease

− Urban planning
 Regulating traffic in the Hot-spots of a city
 Shared urban transport (e.g., shared cards, shared bikes, …)

− Network operators
 Location-based billing
 Mobility management

 etc
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Questions for research

• Which are the  potential uses of user movement data in the context of 
the smart cities & IoT?

• Which mobility models and probability distribution functions  to use? 
• Which are the challenges related to collecting, storing, analyzing, 

distributing and using in any way the movement data at both individual 
level or from

• large volumes?
• Which solutions exist to these challenges in European and international 

projects?
• Which are the main public repositories of such movement data at the 

present moment?
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Our paper gives a survey of the work addressing these challenges!



Smart city & people 
movements
• Smart city vision: interconnected wireless links 

between all wireless devices (at close proximity from 
each other) + access to Internet through backhaul 
network

• 11 main movement analytics categories:  Health-related, 
Social networking, Transportation, Smart Homes, Smart 
shopping, Tracking, Resource optimization, Safety, 
Smart urban planning, Greener environment, and 
Infotainment/Gamification
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Mobility models (1/4)

• “Human trajectories show a high degree of temporal 
and spatial regularity” (Barabasi lab)

• Main parameters:
– User step distribution
– User angle changes
– User speeds
– User acceleration
– Pause and flight times
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Mobility models (2/4)
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Mobility models (3/4) -
examples
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Illustration of a 2D synthetic 
indoor trajectory according to 
the random direction mobility 
model

Open-source simulator available at our group page www.cs.tut.fi/tlt/pos

Illustration of a 2D synthetic 
indoor trajectory according to 
the random waypoint mobility 
model



Mobility models (4/4) – 2D vs 
3D
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- Height estimation is typically the most difficult, both in indoor and outdoor 
scenarios

- Azimuth angles also need to be modeled in 3D case



Semantic analysis

Semantic analysis = deductive reasoning and 
conceptual representations of trajectory 
patterns
Three semantic categories:
• convergence/divergence patterns, e.g., most frequented 

places 
• flock patterns, e.g., group of friends or families 
• trajectory patterns, e.g., individual pedestrian or 

vehicular trajectories
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Open-access repositories for 
user traces (1/2)
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• Many available, but not unified or inter-linked
• If a researcher wants to use such data, there are various 

distribution terms, some which require user consent for the 
data => large-scale analysis hindered by the distribution 
terms

• Not a unified format of data, as there are no current 
standards for mobility data collection

• A summary of the main repositories is in the next slide



Open-access repositories for 
user traces (2/2)
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Example of user traces

• Taxi drivers in Rome (left) and taxi drivers in San Francisco (right), 
based on CRAWDAD repository
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Example of user trace 
analysis
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• Taxi driver in Rome, based on CRAWDAD repository

Speeds Angle changes



European projects
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International projects

7.11.2016 17



Open challenges

• Existence of many standards and formats
• Indoor user traces: limited availability
• 3D analysis: height is difficult to estimate
• Ontology approaches: still missing
• Indoor maps: poor availability or protected by 

NDA
• Open-access platforms: very few
• Privacy issues
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Conclusions

• Finding the right tools for the collection, analysis&semantic
processing of user movement data is an important step towards 
developing better Location Based Services

• Unified overviews of the different aspects of the movement analytics 
in the context of smart cities hard to find -> our paper addressed this 
gap

• We summarized the main mobility models, the main open-access 
repositories and the main EU and international projects related to 
user mobility data

• We pointed out towards the existing research challenges and how 
solving them can serve to various applications in the smart cities
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