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ẋ
(t

)
=

f
(x

(t
),

u
(t

),
w

(t
))

�
x

is
sy

st
em

st
at

e,
u

is
co

nt
ro

l
in

pu
t,

w
is

di
st

ur
ba

nc
e,

f
is

a
ve

ct
or

fu
nc

ti
on

•
E

xp
lic

it
no

nl
in

ea
r

fe
ed

ba
ck

co
nt

ro
l
la

w
:

u
=

h
(x

)

�
C

on
tr

ol
le

r
de

si
gn

te
ch

ni
qu

es
:

L
ya

pu
no

v-
ba

se
d

co
nt

ro
l
an

d
ge

om
et

ri
c

co
nt

ro
l

(E
.
S
o
n
ta

g
,
S
y
st

.
C

o
n
tr

.
L
e
tt

.,
1
9
9
9
;
Y

.
L
in

a
n
d

E
.
S
o
n
ta

g
,
S
y
st

.
C

o
n
tr

.
L
e
tt

.,
1
9
9
1
;
P
.
K

o
k
o
to

v
ic

a
n
d

M
.
A

rc
a
k
,

A
u
to

m
a
ti

c
a
,
2
0
0
1
;
P
.
D

.
C

h
ri

st
o
fi
d
e
s

a
n
d

N
.
H

.
E
l-
F
a
rr

a
,
S
p
ri

n
g
e
r-

V
e
rl

a
g
,
2
0
0
5
)

�
G

ua
ra

nt
ee

s
th

at
th

e
or

ig
in

(s
te

ad
y

st
at

e)
is

lo
ca

lly
as

ym
pt

ot
ic

al
ly

st
ab

le

�
T

he
re

ex
is

ts
a

L
ya

pu
no

v
fu

nc
ti

on
V

(x
)

w
hi

ch
sa

ti
sfi

es

V̇
(x

)
=

∂
V ∂
x

f
(x

,h
(x

),
0)

<
0,

∀x
∈

Ω
V

:
en

er
gy

of
a

ph
ys

ic
al

sy
st

em

�
St

ab
ili

ty
re

gi
on

:
Ω
⊂

D
is

a
co

m
pa

ct
se

t
co

nt
ai

ni
ng

th
e

or
ig

in

•
O

pt
im

al
it
y

is
no

t
ta

ke
n

in
to

ac
co

un
t

L
Y

A
P

U
N

O
V

-B
A

S
E
D

M
P

C
P

re
lim

in
ar

ie
s

•
L
ya

pu
no

v-
ba

se
d

M
P

C
(L

M
P

C
)

m
in

u
∈S

(Δ
)

∫ t
k
+

N

t k
[x̃

(τ
)T

Q
c
x̃
(τ

)
+

u
(τ

)T
R

c
u
(τ

)]
d
τ

s.
t.

˙̃ x
(t

)
=

f
(x̃

(t
),

u
(t

),
0
)

˙̂ x
(t

)
=

f
(x̂

(t
),

h
(x̂

(t
k
))

,0
),

t
∈

[t
k
,t

k
+

1
]

x̃
(t

k
)

=
x̂
(t

k
)

=
x
(t

k
)

u
(t

)
∈

U

x̃
(t

)
∈

X

V
(x̃

(t
))

≤
V

(x̂
(t

))
,
∀t

∈
[t

k
,t

k
+

1
]

x

x̂

(
)

k
x

t

k
t

1
kt

+
k

N
t

+

•
G

ua
ra

nt
ee

d
st

ab
ili

ty
of

th
e

cl
os

ed
-l
oo

p
sy

st
em

(P
.
M

h
a
sk

a
r

e
t

a
l.
,
IE

E
E

T
ra

n
s.

A
u
to

m
.

C
o
n
tr

o
l,

2
0
0
5
;
C

h
ri

st
o
fi
d
e
s,

L
iu

a
n
d

M
u
ñ
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ñ
o
z

d
e

la
P
e
ñ
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