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Cities are aliveCities are alive

Cities born, grow, 
evolve like living 
beingsbeings.
The state of a city 
changeschanges 
continuously, 
influenced by a lot of 
f tfactors,

human ones: people 
moving in the city or g y
extending it
natural ones: 
precipitations or
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precipitations or 
climate changes
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Today Cities’ ChallengesToday Cities’ Challenges

Our cities face many challenges 

• How can we redevelop existing neighbourhoods and 
business districts to improve the quality of life? 
H h i i h i• How can we create more choices in housing, 
accommodating diverse lifestyles and all income levels?

• How can we reduce traffic congestion yet stay connected?
• How can we include citizens in planning their communities 

rather than limiting input to only those affected by the next 
project?

• How can we fund schools, bridges, roads, and clean water 
while meeting short-term costs of increased security?

[ source http://www uli org/]
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Urban Computing as a Way to Address themUrban Computing as a Way to Address them
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[source IEEE Pervasive Computing,July-September 2007 (Vol. 6, No. 3)]



Urban ComputingUrban Computing
A d fi itiA definition:

The integration of computing, sensing, and actuation technologies 
into everyday urban settings and lifestyles.

Urban settings include, for example, streets, squares, 
pubs, shops, buses, and cafés - any space in the 
semipublic realms of our towns and cities

[source IEEE Pervasive Computing,July-September 2007 (Vol. 6, No. 3)]

semipublic realms of our towns and cities. 
Only in the last few years have researchers paid much 
attention to technologies in these spaces. 
P i ti h l l b li dPervasive computing has largely been applied 

either in relatively homogeneous rural areas, where researchers 
have added sensors in places such as forests, vineyards, and 
glaciers g
or, on the other hand, in small-scale, well-defined patches of the 
built environment such as smart houses or rooms.

Urban settings are challenging for experimentation and 
d l t d th i littl l d
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deployment, and they remain little explored
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Availability of DataAvailability of Data

S d t th l k f d t l iSome years ago, due to the lack of data, solving 
Urban Computing problems with ICT looked like a 
Sci-Fi idea. 
Nowadays, a large amount of the required information 
can be made available on the Internet at almost no 
cost: 

maps with the commercial activities and meeting places,
events scheduled in the city and their locations,
average speed in highways, but also normal streetsg p g y ,
positions and speed of public transportation vehicles
parking availabilities in specific parking areas,
and so on.and so on.

We are running a survey (please contribute), see
http://wiki.larkc.eu/UrbanComputing/ShowUsABetterWay
http://wiki larkc eu/UrbanComputing/OtherDataSources
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The LarKC projectThe LarKC project
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[Source: Fensel, D., van Harmelen, F.: Unifying reasoning and search to web scale. IEEE Internet Computing 11(2) (2007)]



Sustainable mobility as Sustainable mobility as an examplean example
U b C ti t f diff tUrban Computing proposes a set of different 
issues, from technological to social ones. 
Our experience in the field make us believe 
that sustainable mobility is an exemplar 

• How can we redevelop 
existing neighbourhoods and y p

case which we can elicit generalizable
requirements from.
Mobility demand has been growing steadily 
for decades and it will continue in the future

g g
business districts to improve 
the quality of life? 

• How can we create more 
choices in housing, 

d ti difor decades and it will continue in the future.
For many years, the primary way of dealing 
with this increasing demand has been the 
increase of the roadway network capacity, 
by building new roads or adding new lanes to

accommodating diverse 
lifestyles and all income 
levels?

• How can we reduce traffic 
congestion yet stayby building new roads or adding new lanes to 

existing ones. 
However, financial and ecological 
considerations are posing increasingly severe 

t i t thi

congestion yet stay 
connected?

• How can we include citizens in 
planning their communities 
rather than limiting input to constraints on this process. 

Hence, there is a need for additional 
intelligent approaches designed to meet the 
demand while more efficiently utilizing the 

g p
only those affected by the next 
project?

• How can we fund schools, 
bridges, roads, and clean 
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y g
existing infrastructure and resources.
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water while meeting short-term 
costs of increased security?



A A ChallengingChallenging UseUse Case 1/5Case 1/5

Actors:
Carlo: a citizen 
living in Varese

Varese

living in Varese. 
The day after, he 
has to go to 
Lombardy Region y g
premises in 
Milano at 11.00. 
UCS: a fictitious 
Urban Computing 
System of Milano 
area

Ways to Milano
Private Car
Le Nord railways

Milano
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Le Nord railways
FS railways
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A A ChallengingChallenging UseUse Case 2/5Case 2/5

St B dStory Board:
1. He opens the “plan a travel” service of UCS and fills in the 

required data
FROM: via Luigi Sacco 1 Varese after 8 00 tomorrowFROM: via Luigi Sacco, 1 Varese after 8.00 tomorrow 
TO: via Taramelli, 20 Milano before 11.00 tomorrow 
USING: any means of transportation

2. UCS provides Carlo with three alternatives:2. UCS provides Carlo with three alternatives:
A. Using railroad LeNord and Metro M3; leaving home at 8.30 and 

arriving between 10.15 and 10.30.
B. Using an alternative railroad Ferrovie dello Stato and Metro M3; 

leaving home at 8 20 and arriving between 10 05 and 10 20leaving home at 8.20 and arriving between 10.05 and 10.20.
C. Using private car; leaving home after 9.30 (when the 

commuters traffic on motorway A8 is almost over) and arriving 
between 10.10 and 10.40. 

C l i t t d b ti C h ld l littl l b t3. Carlo is tempted by option C, he could sleep a little longer, but 
while traveling by train he could complete the presentation for the 
meeting, so he chooses the option A and he uses the ticket-less 
option to buy the train ticket.
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A A ChallengingChallenging UseUse Case 3/5Case 3/5
4. Before exiting UCS, Carlo asks to be alerted if the option he 

chose will no longer be the best one (e.g., due to problems to 
the railroads).

5 The day after at 7 14 UCS learns from the railroad information5. The day after at 7.14 UCS learns from the railroad information 
system of railroad LeNord that a technical problem is causing 
an average delay of 45 minutes to all LeNord trains from Varese 
to Milano. 

6. UCS estimates that an accident of such kind will not be solved 
before 11.00, therefore it checks if any planned travel is at risk. It 
finds Carlo's travel. 

7. UCS checks if the other options it proposed to Carlo are still valid. 
Apparently they are, so UCS sends an SMS to Carlo informing 
him that a accident is causing 45 minutes delay for all trains on 
railroad LeNord and he canrailroad LeNord and he can 

use the the railroad Ferrovie dello Stato (option B) 
take his private car, in this case Carlo should convert his train 
ticket into a daily parking ticket for one of the parking lots of the 
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y p g p g
sub-urban metro stations in Milano.
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A A ChallengingChallenging UseUse Case 4/5Case 4/5

8. Carlo receives the SMS, he enters UCS and checks the two 
alternatives. 

9. He can take option B, but he knows that when problem of this kind 
happens on LeNord, all commuters take the railroad Ferrovie dello 
Stato and he will never be able to find a sit. On the other hand, 
UCS (taking into account weather data through the route and real 
ti t ffi ti t t t f hi t i l t ffi titime traffic congestion status on top of historical traffic congestion 
statistics) predicts that being a rainy day the traffic on A8 will be 
slower and he should leave around 9.00. 
C l d id t t k hi i thi h h ll th ti t10. Carlo decides to take his car, in this way he has all the time to 
complete the presentation before leaving. 

11. He leaves home around 9.00 and instructs its GPS Navigator to 
i t t ith UCS t ffi i d t fi d th h tinteract with UCS traffic service and to find the cheapest gas 
station along the road. During the driving Carlo receives the 
instructions for the gas station and refuels the car.
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A A ChallengingChallenging UseUse Case 5/Case 5/55

12. At a certain moment Carlo’s GPS Navigator receives a wheather 
alert from UCS: Milano North-West area is hit by heavy showers 
and the traffic is getting slower. Instead of going to the planned 
N th W t ki l t th GPS t t t i thNorth-West parking lot, the GPS suggests to go to one in the 
South-West; the metro from there will only take 10 minutes more 
than from the planned parking lot, but the estimated time to the 
planned parking lot is 25 minutes more than the planned oneplanned parking lot is 25 minutes more than the planned one.

13. Carlo considers the option and decides to follow it. 
14. Carlo parks the car and taking the metro arrives in time to his 

i t tappointment.
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StateState--ofof--thethe--art in sustainable mobilityart in sustainable mobility
P bli th iti h t k t i th di ti t tPublic authorities have taken steps in the direction to support 
this use case, but very complex problems have to be solved. 
Control centers for mobility management 

have to maintain detailed maps of all transportation networkshave to maintain detailed maps of all transportation networks 
(roads, but also metro and railroad lines) 
requires to keep track of all events that can alter such networks
have to be connected to different devices such as inductive loops, 
cameras, floating car, traffic lights, weather detectors, etc.
require sophisticated tools for traffic modeling, estimation, 
prognosis and decision support.

Reacting to a Changing Environment is difficultReacting to a Changing Environment is difficult.
For public authorities it is impossible to provide continuous, up-to-
the-minute information, restrict to a targeted subgroup of drivers. The 
options in collective route guidance are essentially “all or nothing”.
Private actors (e g broadcast media such as Traffic MessagePrivate actors (e.g. broadcast media such as Traffic Message 
Channel)  can provide information to modern navigation systems but 
the reaction of present route guidance systems to delays and 
incidents is a short-term and/or small-scale strategy.
Private cars are just one of the possible means of transportation
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Private cars are just one of the possible means of transportation. 
Sometimes public transportation can be by far the best choice.
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implementation experiencesimplementation experiences

U-City is an integrated, intelligent and innovative new 
city-making service that works through city domain 
convergence based on ubiquitous computing and 
information communication technology. It includes 
an intelligent Traffic Information System

Police Station, 
Traffic Control 

Accident Event Construction

Traffic 
Sensor 
Network

Center

Creating 
Path Query

LOS Server

Creating 
Dynamic 

Accident, Event, Construction
Traffic Jam, Speed…

Path 
Request

Calculating 
Link

Departure
Destination

Calculating 
Path LOSPath Query Context

Getting 
PathApplicationPath 

Indication

Request Link Path LOS

A part of Ubiquitous City: 
Traffic Information System
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implementation experiencesimplementation experiences

The department of learning systems at Siemens Corporate 
Technology has a lot of research and project experience in 
the field of traffic modeling and forecastingthe field of traffic modeling and forecasting. 
Since 15 years they have been using machine learning 
techniques, e.g., fuzzy clustering, neural networks and 
reinforcement-learning to model, predict and optimize 
traffic flows.
See the paper for referencesSee the paper for references.
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Requirements for LarKCRequirements for LarKC

Urban Computing (and Mobility Management) encompass 
sensing, actuation and computing requirements.
Many previous work in the area of Pervasive and Ubiquitous 
Computing investigated requirements in sensing, actuation, and 
several aspects of computation (from hardware to software, from 
networks to devides)
In this work we are focusing on reasoning requirements for 
LarKC, but also of general interest for the entire community 
working on the complex relationship of the Internet with space, 
places people and contentplaces, people and content.
Hereafter we exemplify how coping with 

representational, reasoning, and defaults heterogeneity
scale
time-dependency
noisy, uncertain and inconsistent data
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noisy, uncertain and inconsistent data
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Coping with representational heterogeneity

It is an obvious requirement
data always come in different formats (syntactic and structural 
heterogeneity)g y)
legacy data not in semantic formats will always exist!
the problem of merging and aligning ontologies is a structural 
problem of knowledge engineering and it must be alwaysproblem of knowledge engineering and it must be always 
considered when developing an application of semantic 
technologies.
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Coping with reasoning heterogeneity

It means the systems allow for multiple paradigms of 
reasoners; e.g.

precise and consistent approximate reasoning whenprecise and consistent
inference for telling that at a 
given junction all vehicles, but 
public transportation ones, 

approximate reasoning when 
calculating the probability of a 
traffic jam given the current 
traffic conditions and the past p p ,

must go straight
p

history.
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Coping with defaults heterogeneity 1/2

Open World Assumption vs. Close World Assumption
While for the an entire city we cannot assume complete 
knowledge for a time table of a bus station we canknowledge, for a time table of a bus station we can

[ htt // i d / h t ll /t ffi k /1003143552 ]
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Coping with defaults heterogeneity 2/2

Unique Name Assumption
A square with several station for buses and subway can be 
considered a unique point for multimodal travel planningconsidered a unique point for multimodal travel planning, 
but not when the problem is giving direction in that square 
to a pedestrian

1 2 30

29
L3L3
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Coping with scaleCoping with scale

The advent of Pervasive Computing and Web 2.0 
technologies led to a constantly growing amount of data 
about urban environments (see slide 7)about urban environments (see slide 7)
Although we encounter large scale data which are not 
manageable, it does not necessary mean that we have to 
deal with all of the data simultaneously.
Usually, only very limited amount data are relevant for a 
single query/processing at a specific applicationsingle query/processing at a specific application. 
For example, when Carlo is driving to Milano, 

only part of the Milano map data are relevant.y p p
the local parking information may become active by a 
prediction of the known relation between bad weather 
conditions and destination parking lot re planning
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conditions and destination parking lot re-planning.
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Coping with time-dependency
K l d d d t h th tiKnowledge and data can change over the time. 

For instance, in Urban Computing names of streets, 
landmarks, kind of events, etc. change very slowly, whereas 
the number of cars that go through a traffic detector in fivethe number of cars that go through a traffic detector in five 
minutes changes very fast. 

This means that the system must have the notion of 
''observation period'', defined as the period when we the p , p
system is subject to querying.
Moreover the system, within a given observation period, must 
consider the following four different types of knowledge and 
data:data:

Invariable knowledge
Invariable data
P i di ll h i d t th t h di tPeriodically changing data that change according to a 
temporal law that can be
Event driven changing data that are updated as a 
consequence of some external event
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consequence of some external event. 
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Invariable knowledge and data
I i bl k l dInvariable knowledge

it includes obvious terminological 
knowledge 

such as an address is made up by asuch as an address is made up by a 
street name, a civic number, a city 
name and a ZIP code

less obvious nomological
knowledge that describes how theknowledge that describes how the 
world is expected

to be 
e.g., given traffic lights are switched off 
or certain streets are closed during the g
night

to evolve 
e.g., traffic jams appears more often 
when it rains or when important sport 
events take placeevents take place

Invariable data
do not change in the observation 
period, e.g. the names and lengths 
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p g g
of the roads.
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Changing dataChanging data
P i di ll h i d t hPeriodically changing data change 
according to a temporal law that can 
be

Pure periodic law e g every night atPure periodic law, e.g. every night at 
10pm Milano overpasses close.
Probabilistic law, e.g. traffic jam 
appear in the west side of Milano due 
to bad weather or when San Siroto bad weather or when San Siro 
stadium hosts a soccer match.

Event driven changing data are 
updated as a consequence of some 

t l t Th b f thexternal event. They can be further 
characterized by the mean time 
between changes:

Slow e g roads closed for scheduledSlow, e.g. roads closed for scheduled 
works
Medium, e.g. roads closed for 
accidents or congestion due to traffic
Fast e g the intensity of traffic for
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Fast, e.g. the intensity of traffic for 
each street in a city
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Coping with Noisy, uncertain and inconsistent data

T ffi d t d l f h d tTraffic data are a very good example of such data. 
Different sensors observing the same road area give 
apparently inconsistent information. 

a traffic camera may say that the road is emptya traffic camera may say that the road is empty 
whereas an inductive loop traffic detector may tell 100 vehicles 
went over it
The two information may be coherent if one consider that a traffic 
camera transmits an image per second with a delay of 15-30 
seconds, whereas a traffic detector tells the number of vehicles that 
went over it in 5 minutes and the information may arrive 5-10 minutes 
later.

Moreover, a single data coming from a sensor in a given 
moment may have no certain meaning. 

an inductive loop traffic detector, it it tells you 0 car went over
Is the road empty?Is the road  empty? 
Is the traffic  completely stuck? 
Did somebody park the car above the sensor? 
Is the sensor broken? 

Combining multiple information from multiple sensors in a given time
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Combining multiple information from multiple sensors in a given time 
window can be the only reasonable way to reduce the uncertainty.
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Some Some partialpartial solutionssolutions wewe are are workingworking onon

Within the LarKC, we are envisioning a set of partial 
solutions to address the challenges of Urban Computing 
including:including:

Traffic Prediction using recurrent neural networks
Data Scheduling to address scalability g y
Stream Reasoning to address time-dependency.
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Vision Vision forfor UrbanUrban ComputingComputing

Mobility

TourismTourism

City Planning Culture
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Thank you for paying attentionThank you for paying attention

Any Questions?Any Questions?
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