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ẋ

=
f
(x

,k
(x

))
=?

•M
o
s
t
o
f
e
xi
s
ti
n
g
co
n
tr
o
l
th
e
o
ry

w
a
s
d
e
ve
lo
p
e
d
b
y
ig
n
o
ri
n
g
th
e
re
a
l-
ti
m
e

im
p
le
m
e
n
ta
ti
o
n
d
e
ta
il
s
:
u
(t
)
=
k
(x
(t
))

• O
b
je
ct
o
f
a
n
a
ly
s
is
:
ẋ
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ẋ
(t
)
=
A
x
(t
)
+
B
u
(t
)

–
E
xe
cu
ti
o
n
ti
m
e
s
t k
,
k
∈

N

t k
+
1
=
in
f{t

>
t k

|‖
x
(t

k
)
−
x
(t
)‖

�
σ
a
/b

·‖
x
(t
)‖}

–
C
o
n
tr
o
l
la
w
:

u
(t
)
=
K
x
(t

k
),

t
∈
[t
k
,t

k
+
1
)

•M
in
im

a
l
in
te
r-
e
ve
n
t
ti
m
e
(M

IE
T)

in
f{t

k
+
1
−
t k

|k
∈

N
}

•M
IE
T
s
h
o
u
ld

h
a
ve

a
s
tr
ic
tl
y
p
o
si
ti
ve

lo
w
e
r
b
o
u
n
d
!

M
in
im

a
l
in
te
r-
e
v
e
n
t
ti
m
e
s

1
3
/6

6

/w

•I
n
te
r-
e
xe
cu
ti
o
n
ti
m
e
s
:

t k
+
1
=
in
f{t

>
t k

|‖
x
(t

k
)
−
x
(t
)

︸
︷︷

︸
=
e(
t)

‖�
σ
a
/b

·‖
x
(t
)‖}

• N
o
te

a
ft
e
r
e
ve
n
t-
ti
m
e
:
e(
t k
)
=
0

• D
yn
a
m
ic
s
s
ta
te
:

ẋ
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ẋ
(t
)
=

A
x
(t
)
+
B
K
x
(t

k
)
=
(A

+
B
K
)x
(t
)
+
B
K
e(
t)

•S
in
ce

A
+
B
K

H
u
rw

it
z,
q
u
a
d
ra
ti
c
Ly
a
p
u
n
o
v
fu
n
ct
io
n
V
(x
)
=
x
� P

x
s
.t
.

V̇
�
−a

2
‖x

(t
)‖2

+
b2
‖e
(t
)‖2

•E
ve
n
t-
tr
ig
g
e
ri
n
g
m
e
ch
a
n
is
m

t k
+
1
=
in
f{t

>
t k

|‖
x
(t

k
)
−
x
(t
)

︸
︷︷

︸
=
e(
t)

‖�
σ
a
/b

·‖
x
(t
)‖}

•G
u
a
ra
n
te
e
s
:

–
C
lo
s
e
d
-l
o
o
p
s
ta
b
il
it
y

–
(G
lo
b
a
l)
lo
w
e
r
b
o
u
n
d
o
n
m
in
im

a
l
in
te
r-
e
ve
n
t
ti
m
e
s

S
u
m
m
a
ry

1
6
/6

6

/w

E
x
a
m
p
le

1
:
S
ta
te

fe
e
d
b
a
ck

co
n
tr
o
l

•C
o
n
si
d
e
r
ẋ
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ẋ
=
(A

+
B
K
)x

+
B
K
e

• E
TM

:
t k

+
1
=
in
f{t

>
t k

|‖
x
(t

k
)
−
x
(t
)

︸
︷︷

︸
=
e(
t)

‖�
σ
a
/b

·‖
x
(t
)‖}

[1
]
Ta
b
u
a
d
a
,
TA
C
’0
7

[2
]
D
o
n
k
e
rs
,
H
e
e
m
e
ls
,
C
D
C
1
0
&
TA
C
1
2

Il
lu
s
tr
a
ti
v
e
E
x
a
m
p
le
s

2
0
/6

6

/w

D
o
si
m
il
a
r
re
s
u
lt
s
h
o
ld

fo
r
th
e
n
o
n
li
n
e
a
r
ca
s
e
?

•N
o
n
li
n
e
a
r
s
ys
te
m

ẋ
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‖û

−
u
‖2

=
σ
1
‖u

‖2
+
ε 2

•P
a
ra
m
e
te
rs
:
σ
1
=
σ
2
=
10

−3
a
n
d
ε 1

=
ε 2

=
0

0
0.
05

0.
1

0.
15

0.
2

-1
50

-1
00-5
0050

10
0

u
,
n
o
d
e
i
=

2
y
,
n
o
d
e
i
=

1

ti
m
e
t

0
0.
05

0.
1

0.
15

0.
2

10
−1

5

10
−1

0

10
−5

n
o
d
e
i
=

2
n
o
d
e
i
=

1

ti
m
e
t

Il
lu
s
tr
a
ti
v
e
E
x
a
m
p
le
s

3
5
/6

6

/w

E
x
a
m
p
le

2
:
N
e
e
d
fo
r
e
x
te
n
d
in
g
E
T
M

in
cl
u
d
in
g
ε i

•C
o
n
si
d
e
r { ẋ
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u
=

[
5

2
]x

c

•T
a
k
in
g
σ
1
=

σ
2
=

10
−3

a
n
d
ε 1

=
ε 2

=
10

−3
,
yi
e
ld
s
L ∞

-g
a
in

o
f
0.
46

fo
r
z
=
[1
0]
x
p

0
5

10
15

20
25

30
10

−2

10
−110
0

10
1

n
o
d
e
i
=

2
n
o
d
e
i
=

1

ti
m
e
t

•A
ct
w
h
e
n
n
e
e
d
e
d
!

Il
lu
s
tr
a
ti
v
e
E
x
a
m
p
le
s

3
7
/6

6

/w

E
TC

u
n
d
e
r
d
is
tu
rb
a
n
ce
s



4
0
/6

6

/w

E
v
e
n
t-
s
e
p
a
ra
ti
o
n
p
ro
p
e
rt
ie
s

•C
o
n
si
d
e
r
ẋ
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ẋ
=

[
0

1
−2

3

] x
+

[ 0 1

] u

C:
u
=

[ 1
−4

] (x
+
e)

re
l
E
TM

t i
=

t
⇐⇒

‖e
(t
)‖

=
0
.0
5
‖x

(t
)‖

a
b
s
E
TM

t i
=

t
⇐⇒

‖e
(t
)‖

=
0
.0
01

m
ix
E
TM

t i
=

t
⇐⇒

‖e
(t
)‖

=
0
.0
5
‖x

(t
)‖

+
0
.0
01



/w

E
x
a
m
p
le
:
Li
n
e
a
r
s
y
s
te
m

P

E
T
M

C

Z
O
H

u
a
=

u

x

x
c

P
:
ẋ
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ξ
+
B̄
w

1

] ,
w
h
e
n
τ
∈
[0
,h

],

[ ξ+ τ
+

] =

⎧ ⎪ ⎪ ⎪ ⎪ ⎨ ⎪ ⎪ ⎪ ⎪ ⎩[ J
1
ξ 0

] ,
w
h
e
n
ξ�

Q
ξ
>

0,
τ
=
h

[ J
2
ξ 0

] ,
w
h
e
n
ξ�

Q
ξ
�

0,
τ
=
h

• D
is
cr
e
ti
ze

a
t
t k

=
k
h
w
it
h
ξ k

:=
ξ(
t k
)
(w

=
0)

ξ k
+
1
=

{ A
1
ξ k
,

w
h
e
n
ξ� k

Q
ξ k

>
0,

A
2
ξ k
,

w
h
e
n
ξ� k

Q
ξ k

�
0,

w
h
e
re

A
1

=
eĀ
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