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Welcome



● Week 5.1
● Control Logic
● Single-region perimeter control
● Multi-region perimeter linear control

● Week 5.2
● Model Predictive Control with MFDs

Week Outline



A System-of-Systems approach
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Control logic for large-scale networks

Perimeter control Route guidance



Single-region perimeter control

Daganzo, 2007
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Single-region perimeter control

Daganzo, 2007

Internal inflow 
(uncontrolled)

External inflow 
(controlled)
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Control logic: from single- to multi-region
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WHY MULTI-region?

• heterogeneously congested cities with multiple pockets of congestion (partitioning)

• High internal inflows (controllability)

• Avoid long queues at boundaries (equity)
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• Given: MFDs for each reservoir
• Observe: Accumulation
• Control: Boundary flows and external inflows
• Maintain Throughput Optimal Operational Point

• Linear-Quadratic-Integral control (multivariable PI-
regulator)

Aboudolas & Geroliminis, 2013

Multi-region perimeter control (LQI control)
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MFD for the original network MFDs for each reservoir

Observations: 
• MFD: regions exhibit MFDs with quite moderate scatter
• Heterogeneity: regions reach the congested regime at different times
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A multi-region case study
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Micro-simulation of different controllers



• Comparison with pre-timed fixed signals: improvement 33% for total travel time
• Comparison with Bang-bang control: Improvement 12%
• Multi-region PI: maintains throughput; respect reservoirs’ homogeneity

12
Pre-timed fixed signals Single-region Bang-Bang control Multi-region PI control

Comparison of controllers



A more advanced controller (PI + parameter fine tuning)

AFT: automatic fine tuning Kouvelas, Saeedmanesh & Geroliminis, 2017



AFT: automatic fine tuning Kouvelas, Saeedmanesh & Geroliminis, 2017

A more advanced controller (PI + parameter fine tuning)



region accumulations

Control actions

Micro-simulation results
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MFD control - Summary




