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Presentation overview

� Objectives
� System overview and architecture

� Use cases
� Conclusions



Objectives of the system

� Global 
– Minimize traffic hot spots
– Reduce air pollution in certain areas or in the whole city 

area 
– Control noise levels
– Safety: route safety cars, heavy / hazardous load trucks 

(e.g. fuel) 

� User specific (services)
– Navigation instructions
– Parking availability
– Location based services



Basic elements of the system

� Sensors
� Actuators

� User interface devices
� Computation subsystem: prediction and 

evolutionary models, etc.
� Data bases: historical data, events, weather 

info, etc.



Sensors

� Infrastructure based 
– temperature, humidity, illumination, rain

– cameras, vision sensors (fog, ice, fire)
– traffic metering (loop detectors) 

� On board (vehicle sensors)
– GPS, accelerometers

– electronic compasses, gyroscopes
– vision sensors 

– pedestrian monitoring, obstacle detection



Actuators

� Active road signs

� Active traffic lights
� Smart parking meters



User interface devices

� PDAs

� Mobile phones
� Electronic billboards



System overview

� Sensors and actuators form autonomous regions 
– dynamically change (add/remove new elements)
– make local decisions according to the sensed data and the 

rules

� Election of a “supernode”
– depend on their characteristics (CPU power, memory, 

communication capabilities)
– self-stabilizing techniques for leader election

� Communication and message propagation
– use of various technologies (Wimax, Zigbee) 
– messages propagates through mobile nodes (cars) or hop-

by-hop
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Short Term adaptation

� Real time reaction to environmental 
changes

� Use cases
1. Car accident
2. Adaptive parking service



Car Accident



Car Accident - Adjustments

� Notification
1. Area’s ‘supernode’ is notified of the accident.
2. The ‘supernode’ notifies the neighborhood.
3. The ‘supernode’ notifies the central processing entity

� Avoiding the problematic area X
1. Reconsideration of ongoing user-specific demands related 

to area X.
2. Solutions for new incoming queries bypass area X.



Car Accident - Adjustments

� Emergency vehicles (ambulance, police, firefighters)
1. ‘Supernode’ notifies the emergency forces.
2. Vehicles on the way are navigated to clear the road for the 

emergency vehicles.

� System actuators (e.g. road signs) 
1. Adjusted to guide the traffic to bypass the accident area or to 

slow down.

90 30



Car Accident - Adjustments

DB



Adaptive parking service

� Smart-phone: log in to the 
navigation service 
(UMTS, GPRS)

� Default weekday morning 
destination pops up 
(work)

� Choose new destination 
from favourites (dentist)

� No parking information 
available

� User starts driving 
towards Dd

User leaves home



Adaptive parking service

Bus B3 route area

� Route of bus B3 passes 
nearby dentist region Dd

� Mobile agent process E3, 
on-board bus B3, picks up 
information from local
parking meters

� Bus B3 advertises parking 
service availability for path 
A� Pi

� Nearby pro-users (1, 2) 
respond & receive process 
E3



Adaptive parking service

� User has no parking 
information yet

� User comes across 
process E3 advertised by 
pro-user 2

� User requests from 
process E3 parking 
information about Dd

� Process E3 replies
� User finds a space; no 

need to notify anyone but 
the closer parking meter



• Data collection & dissemination
-Parking meters / tellers
-Transport system (buses, trams, etc.)
-Other common vehicle users

• Mobile processes
-No pre-defined host
-No exclusive ownership
-Local transactions (between vehicles)

Adaptive parking service



• Information validity
-Time-aware (ask 2 processes: accept most recent
estimate)
-Location-aware (the further from destination the less 
accurate)

• Trust compromised
-Proactive mechanisms (e.g. encryption, authentication)
-Ensure offence is kept confined

Adaptive parking service



Long Term Adaptation

� Computation subsystem
� React to long term changes

– Population growth in number
– City growth (e.g. New shopping area...)

� Determines day-to-day operation of traffic lights, 
road signs and other sensor and actuators to 
optimize normal traffic conditions.

� Provides new traffic rules, parking pricing policy



Long Term Adaptation

� Input
– Historical data 

� Aggregated data about the standard traffic behaviour, e.g. 
Rush hour, traffic jams 

� High quality data about extraordinary events, e.g. How do 
earthquakes, train derailment and other unpredictable events 
affect traffic conditions. 

– Up to date data of different granularity about traffic at 
different times of day, weather conditions, time of the year, 
cultural events.

� Output
– New rules for short term adaptation for different situations
– New routing algorithms



Long Term Adaptation Algorithm

� Evolutionary / learning algorithms
– Fetch recent traffic activity data
– Exploit pattern matching to identify similar situations and 

events from the past
– Find the best solution of similar events in the database
– Fix problems and evolve such solution
– Spread solution over the whole system



Conclusions and other issues

� Global and user-specific objectives

� Hierarchical infrastructure
� Hybrid approach 

� Short and long term adaptation
� Open issues

– Trust and privacy
– Definition of specific algorithms and techniques



Thank you!

Questions?


