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Transport CO2 Emissions in the Sustainable Development Scenario

GtCO2 per year

Dotted lines indicate the year in which various transport modes have largely stopped consuming fossil fuels
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Why focus on fuel and automation for trucks?

Life cycle cost for European heavy-duty vehicle

Repair & maintenance
Vehicles 9% Administration

7% Tires

Total fuel cost 80 k€/year/vehicle

Schittler, 2003; Scania, 2012
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B. Besselink et al., Cyber-physical control of road freight transport. Proceedings of IEEE, 104:5, 1128-1141, 2016.
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Control of Vehicle Platoons
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The Physics

Norrby (2014), Liang (2016)



Air Drag Reduction in Truck Platooning
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Simulations with|/Platoon Coordinator

and Look-aheac ‘Road Grade Information
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5G Cellular Implementation of Platoon Coordinator

 Platoon coordinator generates common velocity
reference: Vi(t) — vref(si(t)).

« Can be computed in the cellular system (4G, 5G, 6G)

« New handover scheme for moving control computations
between base stations
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How to form platoons?
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Platoon Formation

Feedback control of merging point based on
real-time vehicle state and traffic information

Traffic and )
. | Formation
Vehicle
. Controller
Predictor

Speed [km;/h]

Liang et al., 2016; Cicic et al., 2017



Traffic flow [veh/h/lane]

Platoon Formation Experiments

Fundamental diagram of traffic flow
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Can controlled truck platoons be used to improve traffic conditions?

e Trucks act as bottlenecks moving in car traffic
* Regulate cars flowing into congested area
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Lin et al., 2018; Cicic and J, 2018

Cf., [Lebacque et al. 1998; Delle Monache & Goatin 2014]



Flows according to Euler and Lagrange

Leonhard Euler (1707-1783)

Euler was looking at fluid motion focused
on specific locations in the space through
which the fluid flows as time passes.

Joseph-Louis Lagrange (1736-1813)

Lagrange was looking at fluid motion where
the observer follows an individual fluid parcel
as it moves through space and time




From Eulerian to Lagrangian traffic control

Joseph-Louis Lagrange (1736-1813)

Observers moves with the flow
Traffic control based on mobile sensors and actuators

Need for a new system theoretic foundation

Leonhard Euler (1707-1783)
Stationary observer of the flow
Traffic control based on fixed infrastructure

High deployment costs and limited flexibility

measurements

control actions




Control truck platoon velocity to dissipate traffic congestion

A ' _ Py A A A A L)
! ! ] ] traffic jam

U
%

Without truck platoon control

p

With truck platoon control

tend

t[h]

ty

Truck platoon trajectory

Cicicand J, 2018



Truck platoon control reduces traffic congestion
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Truck platoon control reduces traffic congestion

> - 2 m—— = = - = sl &S @m-  Smmmes
- =- =5— s s &> SE-EE 220492 = GEamE-
— e aasEaae— - B— = =, = e - -
Without truck platoon control With truck platoon control
0.2 e 0.2 Pe
100 100
0.18 20 0.18 80
=0.16 - =0.16 o
+> +o
[ g4
0.14 0.14
20 20
0.12 0 0.12 0
0 1 2 3 4 5 0 1 2 3 4 5
x[km)] z[km]
38% total travel time increase 8% total travel time increase
due to traffic congestion due to traffic congestion

Cicic, Jinand J, 2019



Lagrangian traffic control system

Traffic model
Model learning 4—

Control actions Traffic state 4_ Measurements
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Traffic state reconstruction
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State Reconstruction using Probe Data

There is a traffic light there

Microscopic simulation

Reconstruction algorithm
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