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Platoon Formation

Merge and split vehicle

Predictions on whether it is beneficial
platoons on the fly

for a vehicle to catch up another vehicle

Solo Driving

Platooning

Solo Driving
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Liang et al., 2016

Platoon Formation

Feedback control of merging point based on
real-time vehicle states and traffic information
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Liang et al., 2016; Cicic et al., 2017
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Platoon Formation Experiments

Fundamental diagram of traffic flow
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Catch-up phase Platooning phase Split

minimize Total fuel consumption
V1,02, Up € [vminy Umax]

subject to controlled vehicles dynamics and constraints

traffic dynamics with moving bottlenecks

Traffic dynamics represented by extending the Daganzo (1994)
cell transmission model (CTM) to handle moving bottlenecks

Cicic and J, 2019
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Platoon Formation Optimization

¢ density

Merge point with traffic
Merge point without traffic
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* Slowing down lead vehicle causes heavier traffic for follower vehicle
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. Final split point
Catch-up phase - Plat h
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Tm Tf
minimize / (’Ul(T)3 + 02(7)3) dr + qb/ vp(1)3dr
v1,vV2,Vp 0 Tm
subject to X1(Tm) = x2(7m) Merge point

x1(7r) = x2(77) = x5 Final split point
V1, V2,Up € ['Umina vmax]
Constraints on vy, v, and v, due to traffic

* Higher fuel consumption during the catch-up phase

* Lower fuel consumption during the platooning phase

* Merge point depends on velocities during the catch-up phase

* Final split point is fixed to give desired average velocity

Cicic and J, 2019
Numerical Example
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Catch-up phase Platooning phase Split

Fuel-optimal merge point

* Fuel consumption reduced for proposed controller despite later merging

Cicic and J, 2019
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Energy Savings

Catch-up phase Platooning phase Split

Relative energy savings with optimal control

/' Optimal control, ignoring traffic

Recalculating optimal control periodically,
ignoring traffic conditions

—

Recalculating optimal control periodically,
incorporating traffic conditions

* Optimized platoon formation leads to
5 T o m 2-3% additional energy savings
1 um eavy
Traffic congestion * Considering the influence of traffic

improves energy savings

Cicic and J, 2019

Control truck velocity to dissipate congestion
based on traffic densities

Traffic density without truck control Traffic density with truck control

Truck trajectory

Cicic and J, 2018
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Conclusions

* Automated and integrated road freight transport
— Optimized vehicle match-making and platoon formation

— Platoon control over V2V and V2I cellular communication oo w

;;;;

— Integrated platoon coordinator and cruise-controller
* Platoon formation optimization with traffic
* Control automated platoons to reduce stop-and-go waves
* Ongoing: Incentives, pricing, privacy, legislation,... '

ENSEMBLE multi-brand platooning H2020 project 2018
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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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