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Control of Vehicle Platoons
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On the Optimal Error Regulation of a
String of Moving Vehicles oo e TR L e R |m"" =

W. S. LEVINE, STUDENT MEMBER, IEEE, AND M. ATHANS, MEMBER, IEEE Fig. 1. Vehicles moving in a string.

Smart Cars on Smart Roads:
Problems of Control

Pravin Varaiya, Fellow, IEEE
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The Physics
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How to Control Inter-vehicular Spacings?

vehicle i vehicle 7 + 1

vehicle i — 1

* Limited sensing and inter-vehicle communication suggests
distributed control strategy
* Important to attenuate disturbances: string stability

* Extensively studied problem in ideal environments

— E.g., Levine & Athans (1966), Peppard (1974), loannou & Chien (1993), Swaroop et al.
(1994), Stankovic et al. (2000), Seiler et al. (2004), Naus et al. (2010)

2 . Middleton & BraslavsKy, 2010
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Experimental Results
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Spacing Policies
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Spacing Policies

Constant headway: s (t) = si_1(t) — d — hvi(t)

velocity
velocity

time space

Constant time gap: sp.,(t) = si—1(t — At)

V

time Space Besselink & J, 2017

velocity
velocity

Constant Time Gap Spacing Policy

For the constant time gap policy it holds that

S,'(t) = Si_l(t — At) — V,'(S) = V,'_1(5)

Control objectives: v;(t) — vef(si(t)).
Si(f) — S,'_l(t — At)

Vref —>| vehicle i
control
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Disturbance String Stability

Platoon dynamics

X0 = f(x0,0, wp),
xi = f(xi,xi—1,w;), i€Iy\{0}

Definition. The platoon dynamics is disturbance string stable if
there exist functions 3 € KL and & € K, such that, for all N € N,

sup [xi(t)| < 3 (sup [xi(to)], t — fo) +5 (sup IIWflléiﬁ’"])
i€ly i€y

€Ty

Theorem. Let each vehicle satisfy, for some 3 € KL, 7,0 € K,
(0] < B(|1xi(to)l, t = to) + Y (IPi—1[IET) + o (|lwil| ).

If v(r) < #r, 7 < 1, then the platoon is disturbance string stable
L~ | Besselink & J, 2017

Control objectives
1. Track reference vef(-) and constant time-gap spacing policy

2. Achieve disturbance string stability with respect to vyef()

Timing error with 0 < kg < 1, k > 0 and velocity error ¢;
5i(s) = (1 — ro)Ai(s) + roA(s) + rej(s)

Vref —>  vehicle i
> control
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Besselink & J, 2017
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Vief vehicle i
control

Control Design
Bt Bt o B

Y e —— =
Timing error with 0 < kg <1, Kk >0

0i(s) = (1 — ko)Aj(s) + koAY(s) + rei(s)

Theorem. For any vehicle controller that achieves, for some
functions 35 € KL, 05 € K.

10i(s)| < B5(](s0)

the platoon is disturbance string stable if kg > 0

.5 — s0) + o5 (|| w]| ),

Properties
» Class of decentralized controllers
» Definition of the timing error is crucial

» Inclusion of leader information necessary for string stability

Besselink & J, 2017

Vref vehicle i
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Simulation Example ..
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Simulations with Platoon Coordinator and
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Platoon Formation

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

Traffic and
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Platoon Formation Experiments

Mpraberg

Sodertalje

* Platoon formation of two trucks
under various traffic conditions

* 600 test runs on E4 in Nov 2015

¢ Traffic measurements from road

units together with onboard sensors

T e

Liang et al., 2016

Conclusions

* Networked control application in road transport

* Integrated cooperative driving for goods transportation
— High-level optimization and scheduling of transport

Cooperation layer

Vehicle layer

— Low-level control and coordination of truck platoons

* Topography variations influence platoon control
— Disturbance string stability suggests new spacing policy

* Large-scale testing and evaluations

- European Truck Platooning Challenge 2016

http://people.kth.se/~kallej
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Congratulations Anders!
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