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Motivation
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Traffic congestion has a strong economical and social impact on our society

Automated and connected vehicles may influence traffic flow, with an uncertain (positive or

negative) impact

Motorway traffic control is currently actuated by sending commands that affect entirely a

portion of the road

Automated and connected vehicles may be exploited to actively influence traffic flow, via

sending customised commands to different vehicles

The purpose of this work is to exploit some potential (new) control actions in a traffic

scenario where a variable percentage of vehicles are automated and connected



Motorway scenario
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Vehicles are able to communicate with a Traffic Management Centre (TMC)



Motorway scenario
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Motorway scenario
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Motorway scenario
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Work outline
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The target of this work is to develop and test a model-based control framework for

controlling multi-lane motorways with the purpose of reducing traffic congestion

The control structure is robust to uncertainties, e.g. with respect to the unknown

penetration rate

A model-predictive control (MPC) scheme is proposedé

éwhose core is represented by a QP optimisation problem based on a macroscopic multi-

lane traffic flow model

The model is validated using real traffic data

The control strategy is tested using a microscopic simulation software



Multi-lane traffic flow model
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The model dynamics is described by the conservation equation:
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and by the dynamics of queues at on-ramps 

(that include also mainstream origins):
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Multi-lane traffic flow model 
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Longitudinal flows (by lane) are modelled as a discretized LWR model, composed by

piecewise-linear equations, which originate from demand and supply terms

In order to reflect the capacity drop phenomenon, the demand term is modified by

adding a linearly decreasing function (for ” ” ) dependent on the density and on

the entering flows (lateral and/or from on-ramps)
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Multi-lane traffic flow model 
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Lateral flows (always positive) are computed as portions of the available flow

Ὧȟ‮
Ὕ

ῳȟ
”ȟὯ

Assuming an ñattractivenessrateòὃȟὯ

„ȟȟ Ὧ ‘ȟȟ ÍÁØπȟ
”ȟὯ ὃȟὯ”ȟ Ὧ

”ȟὯ ὃȟὯ”ȟ Ὧ

„ȟȟ Ὧ ‘ȟȟ ÍÁØπȟ
”ȟὯ ὃȟὯ”ȟ Ὧ

”ȟὯ ὃȟὯ”ȟ Ὧ



Multi-lane traffic flow model 
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Accounting for the available space
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The resulting lateral flow is
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Optimal control problem - constraints
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A set of linear constraints is defined by the conservation equation

Longitudinal flows are described by linear inequalities (reflecting the FD)
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Optimal control problem - constraints
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Lateral flows are only constrained by upper bounds
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Since the length of the queue is fixed, problem feasibility is guaranteed via

introduction of extra queuesὡȟ(strongly penalised in the cost function)
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Optimal control problem - cost function
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Optimal control problem - cost function
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QP formulation
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Experimental setup
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In order to test the behaviour in closed-loop (MPC) of the proposed control strategy, the

microscopic traffic simulator AIMSUN is usedé

é with modifications of the default car-following and lane-changing models to better

reproduce the capacity drop phenomenon and the merging behaviour at on-ramps

Specifically, the car-following IDM (Treiber et. al, 2000) is implemented, obtaining a more

realistic capacity drop

Heuristic rules, based on speed, position, and gap thresholds, are introduced to lane-

changing model to obtain more realistic results at merge areas



Network description
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The proposed strategy is tested using a model calibrated with real data from motorway

A20, the Netherlands



AIMSUN calibration
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Satisfactory results were achieved for a calibration day and for a set of validation days



Experimental setup
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The MPC framework has been implemented using the AIMSUN API and MicroSDK

functionalities

The optimisation problem is implemented in MATLAB and solved using the solver Gurobi



Experimental setup
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Ramp metering actions are performed using ordinary traffic signals at on-ramps

MTFC actions are applied by translating the longitudinal flow into corresponding Variable

Speed Limits (VSLs): vehicles equipped with V2I communication receive a specific speed

limit

Lane Changing Control is implemented by sending ñchange-laneòcommands to specific

equipped vehicles according to the optimal flow values



Experimental setup

23

Two sets of experiments

1) Using all control actions

Å ramp metering

Å variable speed limits

Å lane-changing

2) Using only automated and connected vehicles-enabled control actions

Å variable speed limits

Å lane-changing

All evaluated for 100%, 50%, and 20% penetration rates of automated and connected

vehicles



Experimental results
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No-control case

Control case - 100% penetration rate


