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Research goal

2

• Fusion

• Estimation

• Prediction

• Integration

for current (legacy) and future (connected) Urban Traffic Control systems, 

by capitalizing on the new sensing and communication capabilities from Connected Environments in urban areas.

Extended Traffic State 

Estimation and Prediction:

• Queue length

• Arrivals

• Departures

• Turnings

Measurements from new 

data sources:

e.g. Connected Vehicles, 

Cameras etc.

Data: 

Connected 

Environments

Extended Observer: 

Urban Traffic State 

Estimation and Prediction

Controller: 

Urban Traffic 

Control
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Extended Observer based on (Extended) Kalman Filter

Time Update (“Predict”)

𝐌𝐞𝐚𝐬𝐮𝐫𝐞𝐦𝐞𝐧𝐭: 𝒛𝒌

𝐌𝐞𝐚𝐬𝐮𝐫𝐞𝐦𝐞𝐧𝐭 𝐯𝐞𝐜𝐭𝐨𝐫:

𝒛𝒌 =

𝒛𝒌
𝒒𝒖𝒆𝒖𝒆 𝒍𝒆𝒏𝒈𝒕𝒉_𝒄𝒗

𝒛𝒌
𝒂𝒓𝒓𝒊𝒗𝒂𝒍 𝒓𝒂𝒕𝒆_𝒍𝒐𝒐𝒑

𝒛𝒌
𝒅𝒆𝒑𝒂𝒓𝒕𝒖𝒓𝒆 𝒓𝒂𝒕𝒆_𝒄𝒂𝒎𝒆𝒓𝒂

𝒛𝒌
𝒕𝒖𝒓𝒏𝒊𝒏𝒈 𝒓𝒂𝒕𝒆_𝒓𝒂𝒘𝑭𝑪𝑫

…
…
…

𝐒𝐭𝐚𝐭𝐞 𝐯𝐞𝐜𝐭𝐨𝐫:

𝒙𝒌 =

𝒙𝒌
𝒒𝒖𝒆𝒖𝒆 𝒍𝒆𝒏𝒈𝒕𝒉

𝒙𝒌
𝒂𝒓𝒓𝒊𝒗𝒂𝒍 𝒓𝒂𝒕𝒆

𝒙𝒌
𝒅𝒆𝒑𝒂𝒓𝒕𝒖𝒓𝒆 𝒓𝒂𝒕𝒆

𝒙𝒌
𝒕𝒖𝒓𝒏𝒊𝒏𝒈 𝒓𝒂𝒕𝒆

 𝒙𝒌
𝒑𝒓𝒆𝒅𝒊𝒄𝒕𝒆𝒅

 𝒙𝒌
𝒄𝒐𝒓𝒓𝒆𝒄𝒕𝒆𝒅

Measurement Update (“Correct”)

Research goal Simulations Conclusions/OutlookMethodology



4

Measurements from new data sources
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Typical traffic data

Bike-sharing

Aggregated FCD

Car-sharing

Navigation systems
OEM-Backend

Fleet-Backend

E-Ticket Floating 

Phone Data

Smartphone 

Data Wearables

Emergency services

V2X
Vehicle on-board 

sensors

Raw FCD

Aggregated

Raw

Internet of Things

ANPR

WiFi

Bluetooth

Cameras

Satellites

Drones

Radar

Laser

Local

Section (2 points)

Section (continuous)

Inductive Loops

Magnetic 

WiFi loops

Social 

Media

Communities 

(e.g. Waze)

Noise-pollutants

(stations, APIs)

Environmental 

sensors

Dynamic Information 

from POIs

Schools, Universities, 

IKEA, Mall

Metro stations, 

Mobility hubs

Stochastic demand

Environment

Incidents

Infrastructure sensors Connected travelers Big Data
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Simulations
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Queue length estimation based only on Connected Vehicles -
Example for fixed-time control
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Queue length estimation based only on Connected Vehicles -
Example for traffic-actuated control

Research goal Simulations Conclusions/OutlookMethodology



8

Queue length estimation based only on Connected Vehicles -
Example for adaptive traffic control
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Queue length estimation based on Con.Vehicles and camera -
Example for degraded adaptive control (missing detector)

Research goal Simulations Conclusions/OutlookMethodology



Extended Observer:

• Utilizes imperfect measurements from low number Connected Vehicles 

(low penetration rates)

• Provides improved estimation in comparison to relying solely on the 

measurements

• Enables fusion of diverse sensors (e.g. camera, Connected Vehicles)

• Provides an intuitive way for tuning the filter (“which measurements 

should I trust more?”)

• Evaluate the impact on signal control

• Test different data availability combinations

• Compare with estimation from loop detectors

• Derive requirements for connected environments 
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Conclusions
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Outlook



Thank you for your attention
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Queue length estimation based only on Connected Vehicles -
Example for fixed-time control
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Queue length estimation based only on Connected Vehicles -
Example for traffic-actuated control
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