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Vehicle following framework

v(t)‘ ) Xsafe(t) .

¥ Leader

O O

Follower

forces due to gravity: Fg(t) = mgsin6(t)
aerodynamic drag : Fi(t,v) = %p(t)CdAv2
rolling friction : F.(v) = mgC,sgn(v)
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Control objective

Leader

O O

Follower >

v(t)‘ ) Xsafe(t) .

e
?

given: favourite speed v;of(t), safety distance Xgafe (t) = A1 v(t) + A2

Hongkong, 20 July, 2018 — Thomas Berger, Anna-Lena Rauert - Funnel Cruise Control 2/11



FAKULTAT
FUR MATHEMATIK, INFORMATIK
Lol Universitit Hamburg UND NATURWISSENSCHAFTEN
DER FORSCHUNG | DER LEHRE | DER BILDUNG FACHBEREICH MATHEMATIK

Control objective

Follower Leader

v(t)‘ ) Xsafe(t) .

given: favourite speed v;of(t), safety distance Xgafe (t) = A1 v(t) + A2

Aim: u(t) = F(t,v(t),x(t) — x(t)) st

(Ol) X/(t) - X(t) Z Xsafe(t).
(02) |v(t) — vet(t)] is as small as possible such that (O1) is not
violated.
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Funnel Control

u(t) [Syetem] y(t)
e et 1 t
u(t) = —k(1)e(0) () © il () /#(t)

le(2)]

[ILcCHMANN, RYAN, SANGWIN ’02]:
Works, if

T 1 o(t)2e(t)? = relative degree =1
= stable internal dynamics
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Funnel cruise control

‘Velocity Control‘ [ Distance Control | !

0O OX®,
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Velocity funnel control

tracking error: e, (t) = v(t) — vet(t) € Fu(t) = (—(pv(t)*l,wv(t)*l)
— treat v(t) as output of the system

v(t) = Lu(t) + £ (L, v(1))
controller:
uy(t) = —ky(t)ev(t),

1
D) = T e (e
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Distance funnel control

tracking error: eq(t) = x(t) — xi(t) + Xsate(t) + @a(t)
€ Fa(t) = (—pa(t) ™, a(t)™?)
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Distance funnel control

tracking error: eq(t) = x(t) — x1(t) + Xeate(t) + @q(t)~?
€ Fa(t) = (—pa(t) ™, a(t)™?)
output: y(t) = Av(t) + x(t),
reference signal:  yeer(t) = xi(t) — A2 — @g(t) !
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Distance funnel control

tracking error: ed(t) = x(t) — xi(t) + xeate(t) + @a(t)~?
€ Fa(t) = (—pa(t) ™, a(t)™?)
output: y(t) = Av(t) + x(t),
reference signal:  yeer(t) = xi(t) — A2 — @q(t)?

*(t)ZV(t)Z %X(t) (),

9(6) = Au(t) + f (£, x(2), ¥ (1))
controller: ug(t) = —kq(t)eq(t),
1
kq(t) =
( ) 1 —(pd(t)Zed(t)2
Hongkong, 20 July, 2018 — Thomas Berger, Anna-Lena Rauert - Funnel Cruise Control

6/11



UH
idi
L2 Universitdt Hamburg

DER FORSCHUNG | DER LEHRE | DER BILDUNG

FAKULTAT
FUR MATHEMATIK, INFORMATIK
UND NATURWISSENSCHAFTEN

FACHBEREICH MATHEMATIK

Final control design

Intuitive approach:

= if ed(t) = —god(t)_l,
then switch from u, to
ug and vice versa

= while uy is active it
should be possible that
e (t) < —,(t)7, but
not e, (t) > ¢, (t)!
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Final control design

Intuitive approach:

- if eg(t) = —pa(t) 1,
then switch from u, to
ug and vice versa

= while uy is active it
should be possible that
ev(t) < —pu(t)71, but
not e, (t) > ¢, (t)!

Problem:
= when eg(t) = —@q(t)~! we have ky(t) /oo
= when e, (t) = —¢,(t)"! we have k,(t) /oo
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Final control design

v
Intuitive approach: N
Cifeg(t) = —pg(0)", L YT\ oy
then switch from u, to & ~° /?"70
ug and vice versa -
= while uy is active it
should be possible that u: v
e (t) < —py(t)7!, but .
not e, (t) > o, (t) ! SN
eq =0 x

Problem:
= when eg(t) = —pq(t)~! we have ky(t) /oo
= when e, (t) = —p,(t)~! we have k,(t) /oo
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Final control design

u(t) =

v
ot
e, =0

, eq(t)

ev(t)

o
=~
=
m N IA

—p4(t)™t A

e (t) € F,(t),
—ou (1)1 A eq(t) € Fq(t),
Fu(t) A eq(t) € Fq(t),

ed':0

Hongkong, 20 July, 2018 — Thomas Berger, Anna-Lena Rauert - Funnel Cruise Control

8/11



FAKULTAT
FUR MATHEMATIK, INFORMATIK

UH
iti N UND NATURWISSENSCHAFTEN
L2 Universitdt Hamburg
FACHBEREICH MATHEMATIK

DER FORSCHUNG | DER LEHRE | DER BILDUNG

Final control design
Uv(t), < _(Pd(t)_l A ev(t) € ]:v(t)a
u(t) = ug(t), e (t) < —pu(t)™t A eq(t) € Fq(t),
min{u,(t), ug(t)}, € Fu(t) N eq(t) € Fql(t),

Theorem [B., RAUERT 18]
Vref, X| € WI’OO(REO — R), Xsafe = >‘1V(t) + )\2
= X, Vv,u € L* and
ou(t) T —e(t) =6, @a(t) ! —eq(t) > ¢,
max{0, <,c>‘,(t)*1 + e (t)} + max{0, <,0d(t)*1 +e4(t)} >¢
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Simulation

m (1)

p(t)

Cq

C,

1300 kg | O rad

1.3 kg/m?

0.32

0.01

2.4m?

x0 V0

A1 A2

Vref

Om | 15ms~—

055 | 2m

36 ms—

pu(t) = (22.5e7%% +0.2) "

time t /s
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