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“We need to emphasize smarter roads – sensors that detect ‘nonrecurring’ traffic
disruptions (the cause of an estimated one-third of traffic delays), for instance, 
and intelligent traffic signals and speed limits that react to changing conditions”

Tom Vanderbilt, “Traffic” (BusinessWeek, February 2, 2009
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Motivation

•Environmental Degradations
•Wasted Resources
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•Frustrated Drivers
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Motivation

2.3 billions of gallons of fuel  (~150 million 
gallons of fuelonly in Chicago due to 
congestions)
3.5+ billions of wasted man-hours (an average 
driver in Chicagoland annually spends 56 hours 
in traffic delays) 

Severe environmental impact from pollution 
(CO, NOx) 
Safety:  31,140 fatalities in USA(January-
October 2008) in addition to over 3 million 
personal injuries, and over $200 billion in 
property damages.
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Outline

Introduction
� Overview 

Traffic data: Management+Mining (M&M)
� Vision

� Desiderata
� Observations

� Reactive + Proactive 
� Evolution in heterogeneous contexts

Concluding Remarks 
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Introduction/Overview

Large body of works from 
transportation community

� Managing of intersections
� Fixed and Adaptive Signals

� Merging Flows

� Travel-Time Predictions
� Modeling of fuel consumption
and emissions 

All based on a 
very thoroughly
developed:
-Mathematical models 
-Simulation tools
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Introduction/Overview

Various software tools are in use
� Transcore (SCATS)

� SIDRA

� DYNASMART

� RHODES

� OmniTRACS

(satelite-based mobile asset tracking)

Real-Time Traffic Info Sources 
� Chicago Corridor
� TruTraffic (used for navigation)
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Introduction/Overview

Basic paradigms
� Reactive

� Optimize for realized, known 
demands

� Proactive
� Optimize for forecast demand (real-

time data used for prediction 
horizon)

Decomposethe traffic control problem
(hierarchically).
- Predict traffic flow at appropriate 
resolution levels (individual vehicles, 
platoons, emergency units) to enable
proactive control.
- Use appropriate optimization modules
for solving the subproblems.

The decision system selects the 
phase/timings to optimize the 
dimension of choice, e.g.:
- average delay per vehicle, 
-average queues at  intersections
- etc.

Observation:
Model-based
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Intro/Overview

Intelligent Vehicles

� V2V/V2I

� Sense and communicate with traffic-peers

� Advising, controlling (e.g., speed, distance 
from other vehicles)

� Several Projects:

� CarTALK, PATH, SAFESPOT, Dolphin

Pro:
� Grow organically with the urban traffic (i.e., no need 

for a specific infrastructure development)
� Better real-time information fusion

Con:
� Limited spatio-temporal extent of validity of the 

decisions
� Despite the existing “hierarchical” organizations, no 

adaptive tasking exploited
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Traffic Data: Management+Mining
Vision

Traffic control/management system should be based on efficient coordination 
of activities (sensing, communication, computation,… )

Does everything
Need to be 
transmitted to 
the centralized 
server?
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M&M:Vision
Desiderata

� Context-driven (optimization of the) information fusion
� Coupling of history with current observations

� Across different domains, e.g., current traffic density/flow from road 
sensors, with data from local servers, and with data pertaining to the 
network status.

� Synchronization of data gathering and control algorithms
� Novel queries

� Trade-off between processing at different levels and quality (uncertainty) 
of classification

� Association rules across heterogeneous domains
� Correlate the quality of classification with the network 

components/bandwidth exploitation. 
� Provide a paradigm that can be used as a “computational vehicle” across contexts
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M&M: Observations

A “day in a life”…

Data Cleaning/
Data Extraction

Attribute
Selection

Noise Cleaning/
Normilization/

Clustering

Dimensionality
Reduction

(DFT)

Frequent
Patterns/Trends
arross sensors

Similarity
Search

Update Model

Historical Data Current Stream

Abnomal?

No

External Devices

Yes

server sensors

GCM coridor:
- Sensors on the roadways collect traffic status 
stream data continuously

- Central server provides up-to-date information to 
travelers (current observations, prediction, 

personalization)
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M&M:
Distributed Spatio-Temporal Correlations

Observation – similar trends at different locations and times:
EB:I-90:Belvidere - Plaza 5:Marengo - Plaza 7:IL, 18:41 – 23:41
WB:I-88:I-355:Aurora - Plaza 61:IL,                         3:40  -- 8:40
WB:I-90:Schaumburg - Rt 53:Elgin - Plaza 9:IL,    10:21 – 12:05
NB:I-294:I-80 - 163rd St:83rd St:IL,                        10:21 – 15:21
SB:I-94:Waukegan - Plaza 21:I-94/Edens:IL,         11:10 – 12:50
SB:DAN RYAN:29th:65th (via Express):IL,              1:40 – 6:40                  
SB:EDENS: DEERFIELD:LAKE COOK:IL,            19:30 – 0:30          
NB:I-294:Cermak/Roosevelt:Touhy Av/O'Hare:IL  17:01 – 22:01

Example:
traffic patterns around O’Hare airport at 
[11:00,11:30] AM affect traffic patterns in 2 other 
regions near Midway airport, [12:15,2:00]PM(each 
being 20+ miles away from O’Hare)

Implication: 
Prolong the red-light interval for vehicles moving 
towards Midway airport, starting at noon, to decrease 
the congestion 11/20
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M&M: Analogies…

Need for a “common language”

Flock/convoy

Moving cluster

���
� 
��	�����!"#"$!�
������
%

��������&�����
��
���
��
� 
�	����
���
���		�
���"��������
�
������
%'

- trajectories  vs. flow/densityconcepts (values used in many model-equations)

-Flocks/Convoysand Moving Clusters vs. platoons

-macroscopic, mesoscopic, microscopic models (levels of granularity) –
vs.warehousing/OLAP in trajectories (rollup/drill_down)

- supply/demand…
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M&M: Queries/Predicates

Q1: “Retrieve all the platoons of vehicles with the average speed 
between 35mph and 50mph that were moving_towardsdowntown on 
I-94, between 10:00AM and 11:30AM.”

� in addition to the spatio-temporal predicate (moving_towards), now we 
need to detectplatoons

� not all the platoons are of interest, but only the ones with specific speed-
range, and along particular road-segments.

� How are responsibilities delegated among participants (e.g., road-side 
sensors vs. ad-hoc V2V networks vs. regional servers)

Nesting Q1:

Q2: “For all the regions of radius > 3 miles in Chicagoland, for which 
the traffic flow was at least 40% below normal during time-intervals > 
30min , retrieve all the platoons moving towards such regions, that had 
an average speed reduction of > 30% within at most 2 miles from the 
regions’ boundaries.”
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M&M: Collaborative Evolution

How are we to orchestrate such collaborative behavior?

Consider the following:

� Whenthe average speed of platoons containing at least 10 vehicles, between 
County Line Rd. exit and Pulaski Rd. exit along I-55 inbound has declined by 
> 30%, if the average speed on the road-segments that have entry to I-55has 
not decreased by > 10%, decrease by 10%the duration of the green-light 
interval on the nearest intersection to the ramp. Subsequently, whenthe 
density of vehicles on the streets within 2 miles along I-55 has increased by > 
10%, if the average speed within 1 mile from the loop has dropped by > 40%, 
decrease by 15%the duration of the green-light interval on every intersection 
within 1 mile along I-55.

Broadly speaking, a trigger.
Somewhat different from the traditional ECA paradigm from Active 
Databases – it should evolve in the sense of “forking” a child-trigger
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M&M: (ECA) 2 – Syntax

ON Ep(VEp) <priority> validity(Tpv /Epv(VEpv))
IF Cp1(VCp1) within_time(Tc1)/within_event(Ec1(VEc1))  THEN Ap1(VAp1)
ELSE-IF  Cp2(VCp2)  within_time(Tc2)/within_event(Ec2(VEc2))  THEN Ap2(VAp2)
.....

Span (child’)
Consumed-by-Parent=<yes/no>, Consume-Parent=<yes/no >

ON Ec1(VEc1)  <priority> validity(Tc1v/Ec1v(VEc1v))

IF Cc11(VCc11) within_time(Tc11)/within_event(Ec11(VEc11)) THEN Ac11(VAc11)
ELSE-IF ...

Subsequently (child’’)
Consume-Parent=<yes/no>
ON Es1(VEs1) <priority> validity(Ts1v/Es1v(VEs1v))

IF  Cs11(VCs11) within_time(Ts11)/within_event(Es11(VEs11)) THEN As11(VAs11)
ELSE-IF…

Further nesting of children

Further nesting of children
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M&M: Heterogeneity and Meta-Triggers

Typical concerns in any control-based settings are:
� Stability 
� Controllability
� Observability

To ensure a proper balance between the above parameters, we need to “de-
compose” a given trigger in a manner that will distribute the management of 
its constituent components to different devices/servers.

� Which events can be efficiently detected by roadside sensors?
� Which conditions can be evaluated by the network of intelligent vehicles?

Towards that end, we propose the concept of a meta-trigger
� Module which takes as an input a local trigger specification.
� Generates a collection of triggers, each of which is to be managed by respective 

collaborative participants. 
� Proof-of-concept implemented in Wireless Sensor Network settings (TelosB motes).
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M&M: Meta-Triggers

In general, initially we have a 
locallly-specified
TR1:
ON E1
IF CRemote AND CLocal

THEN A1

Meta-Trigger

TR1’:
ON E1; (E-requested-remote; E-notification-from-remote)

AND CLocal

THEN A1
(installed locally)

(input)

TR1-Remote:
ON E-requested-remote
IF CContinuous
THEN A(E-notification-to-remote)
(installed elsewhere in the distributed
environment

(output)
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Concluding Remarks

Traffic Data Management+Mining
� Features of Existing ATMS
� Vision

� Queries to process; association rules to detect;
� Orchestrating desired behavior

Currently/Future
� Platoons detection
� Extending WSN platform with mobile nodes
� Implementing Meta Triggers with control-awareness

� Uncertainty vs. Observability

� Anything to index?
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Light at the end of the tunnel???

Thanks
{goce,choudhar}@eecs.northwestern.edu
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