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p
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o
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u
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l
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b
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e
lla
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rso
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I
d
a
ti

rip
o
rta

ti
in

q
u
e
ste

n
o
ta

si
rife

risc
o
n
o

a
l
la

v
o
ro

sv
o
lto

d
a
l-

l’a
u
to

re
in

c
o
lla

b
o
ra

z
io

n
e

c
o
n

i
P
ro

fe
sso

ri
V
.C

e
ro

n
e

e
M

.
M

ila
n
e
se

d
e
l
D

A
U
IN

e
g
li

In
g
e
g
n
e
ri

S
.
C
a
m

p
o

e
A
.
C
h
in

u
d
e
l
C
.R

.F
.
in

se
-

n
o

a
l
c
o
n
tra

tto
d
i
ric

e
rc

a
“
A
n
a
lisi

e
sin

te
si

d
i
n
u
o
v
e

a
rc

h
ite

ttu
re

d
i
c
o
n
tro

llo
la

te
ra

le
p
e
r

il
m

a
n
te

n
im

e
n
to

d
e
lla

c
o
rsia

d
i
m

a
rc

ia

d
i
u
n

a
u
to

v
e
ic

o
lo

”
stip

u
la

to
c
o
n

il
C
e
n
tro

R
ic

e
rc

h
e

F
ia

t
il

q
u
a
-

le
h
a

fi
n
a
n
z
ia

to
la

ric
e
rc

a
e

fo
rn

ito
l’a

u
to

v
e
ic

o
lo

c
o
m

p
le

to
d
e
lla

n
e
c
e
ssa

ria
stru

m
e
n
ta

z
io

n
e
.
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D
e
fi
n
iz
io

n
e

g
e
n
e
ra

le
d
e
l
p
ro

b
le

m
a

O
b
b
ie

ttiv
o
:

P
ro

g
e
tta

re
u
n

siste
m

a
d
i
c
o
n
tro

llo
in

g
ra

d
o

d
i
m

a
n
-

te
n
e
re

l’a
u
to

v
e
ic

o
lo

a
ll’in

te
rn

o
d
e
lla

c
o
rsia

d
i
m

a
rc

ia
in

c
o
n
d
iz
io

n
i

a
u
to

stra
d
a
li

m
e
d
ia

n
te

il
c
o
n
tro

llo
a
u
to

m
a
tic

o
d
e
llo

ste
rz

o
.

M
o
tiv

a
z
io

n
e

fo
n
d
a
m

e
n
ta

le
:

R
id

u
z
io

n
e

d
e
l
c
a
ric

o
d
i
la

v
o
ro

fi
-

sic
o

e
m

e
n
ta

le
d
e
l
g
u
id

a
to

re
∗

∗J
.

T
a
n
a
k
a
,

S
.

Ish
id

a
,

H
.

K
a
w
a
g
o
e
,

S
.

K
o
n
d
o

“
W

o
rk

lo
a
d

o
f

U
sin

g
a

D
ri-

v
e
r

A
ssista

n
c
e

S
y
ste

m
”
,
P
ro

c
.

o
f

IE
E
E

In
te

llig
e
n
t

T
ra

n
sp

o
rta

tio
n

S
y
ste

m
s

C
o
n
fe

re
n
c
e
,
D

e
a
rb

o
n
,
M
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U
S
A
,
p
p
.

3
8
2
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8
6
,
2
0
0
0
.
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D
e
s
c
riz

io
n
e

d
e
ll’im

p
ia

n
to

L
’im

p
ia

n
to

o
g
g
e
tto

d
e
l
la

v
o
ro

è
u
n
a

F
ia

t
B
ra

v
a

1
6
0
0

E
L
X

d
o
ta

ta

d
e
l
se

g
u
e
n
te

e
q
u
ip

a
g
g
ia

m
e
n
to

:

•
S
iste

m
a

d
i
v
isio

n
e
:

è
c
o
stitu

ito
d
a

u
n
a

te
le

c
a
m

e
ra

d
ig

ita
le

M
a
tsu

sh
ita

P
M

2
0
0

B
/
N

C
C
D

a
p
p
lic

a
ta

a
l
v
e
tro

a
n
te

rio
re

d
e
l-

l’a
u
to

v
e
ic

o
lo

e
d
a
ll’a

lg
o
ritm

o
d
i
e
la

b
o
ra

z
io

n
e

d
e
ll’im

m
a
g
in

e

d
e
lla

stra
d
a
.

•
a
ttu

a
to

re
:

m
o
to

re
e
le

ttric
o

D
C

b
ru

sh
-le

ss
T

R
W

-L
U
C
A
S

d
o
-

ta
to

d
i
a
n
e
llo

lo
c
a
le

d
i
c
o
n
tro

llo
p
ro

g
e
tta

to
d
a
l
C
R
F

(la
p
re

se
n
z
a

d
e
ll’a

ttu
a
to

re
v
e
rrà

tra
sc

u
ra

ta
a
i
fi
n
i
d
e
lla

te
sin

a
)
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•
S
iste

m
a

d
i
e
la

b
o
ra

z
io

n
e
:

g
li

a
lg

o
ritm

i
d
i

v
isio

n
e

e
c
o
n
tro

l-

lo
so

n
o

p
ro

c
e
ssa

ti
d
a

u
n

P
C

p
e
r

u
so

in
d
u
stria

le
d
o
ta

to
d
i

m
ic

ro
p
ro

c
e
sso

re
IN

T
E
L

4
8
6
.

•
In

te
rv

a
llo

d
i
c
a
m

p
io

n
a
m

e
n
to

:
Il

te
m

p
o

d
i

c
a
m

p
io

n
a
m

e
n
to

p
e
r

l’in
te

ro
siste

m
a

d
i
c
o
n
tro

llo
è

d
i

T
s
=

4
0

m
s.

(A
i
fi
n
i
d
e
lla

te
sin

a
l’im

p
ia

n
to

sa
rà

c
o
n
sid

e
ra

to
u
n

siste
m

a
te

m
p
o

c
o
n
tin

u
o
)
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C
o
s
tru

z
io

n
e

d
e
l
m

o
d
e
llo

m
a
te

m
a
tic

o

d
e
ll’im

p
ia

n
to

D
u
e

p
a
ssi:

1
.

D
e
sc

riv
e
re

la
d
in

a
m

ic
a

la
te

ra
le

d
e
ll’a

u
to

v
e
ic

o
lo

.

2
.

D
e
sc

riv
e
re

m
a
te

m
a
tic

a
m

e
n
te

l’in
te

ra
z
io

n
e

v
e
ic

o
lo

←
→

siste
-

m
a

d
i
v
isio

n
e
.

F
ilo

so
fi
a

se
g
u
ita

:
U
tiliz

z
a
re

le
c
a
ra

tte
ristic

h
e

p
a
rtic

o
la

ri
d
e
i
p
e
r-

c
o
rsi

a
u
to

stra
d
a
li

p
e
r

se
m

p
lifi

c
a
re

il
m

o
d
e
llo

d
e
l
siste

m
a
.
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v
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o
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E
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n
i
d
i
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u
ilib
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d
i
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e
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m
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n
ti

(N
e
w
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n

-
E
u
le
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)

⇓
•

M
o
d
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llo
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te
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o
n
-lin

e
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a
6

d
.o
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•
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te

ra
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e
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n
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d
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p
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S
e
m

p
lifi

c
a
z
io

n
e

d
e
l
m

o
d
e
llo

(
1
)

C
a
ra

tte
ristic

h
e

fo
n
d
a
m

e
n
ta

li
d
e
i
p
e
rc

o
rsi

a
u
to

stra
d
a
li:

•
stra

d
a

p
ia

n
a

e
re

g
o
la

re
;

•
c
u
rv

e
a

la
rg

o
ra

g
g
io

(�
5
0
0

m
);

•
v
e
lo

c
ità

d
i
p
e
rc

o
rre

n
z
a

≈
c
o
sta

n
te

.
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S
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lifi

c
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n
e

d
e
l
m

o
d
e
llo

(
2
)

G
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V
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2
α

1
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δ

r l f
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ψ
�
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X
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e
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S
e
m

p
lifi

c
a
z
io

n
e

d
e
l
m

o
d
e
llo

(
3
)

M
o
d
e
llo

m
o
n
o
tra

c
c
ia

(
“
m

o
d
e
llo

a
b
ic
ic
le

tta
”
)

∗

Ip
o
te

si
se

m
p
lifi

c
a
tiv

e
c
o
n
n
e
sse

:

1
.

rid
u
z
io

n
e

d
e
l
v
e
ic

o
lo

a
d

u
n

c
o
rp

o
rig

id
o

in
m

o
to

su
u
n

p
ia

n
o

(3
d
.o

.f);

2
.

a
p
p
ro

ssim
a
z
io

n
e

d
e
l
v
e
ic

o
lo

c
o
n

m
o
d
e
llo

n
o
n
-lin

e
a
re

m
o
n
o
-

tra
c
c
ia

;

3
.

rid
u
z
io

n
e

a
l
m

o
d
e
llo

m
o
n
o
tra

c
c
ia

lin
e
a
re

.

∗M
.
G

u
ig

g
ia

n
i,

“
D

in
a
m

ic
a

d
e
l
V
e
ic

o
lo

”
-
C
ittà

stu
d
i
e
d
iz
io

n
i,

1
9
9
9
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S
e
m

p
lifi

c
a
z
io

n
e

d
e
l
m

o
d
e
llo

(
4
)

M
o
d
e
llo

m
o
n
o
tra

c
c
ia

(
“
m

o
d
e
llo

a
b
ic
ic
le

tta
”
)

Ip
o
te

si
se

m
p
lifi

c
a
tiv

e
c
o
n
n
e
sse

:

1
.
⇒

d
in

a
m

ic
h
e

d
o
v
u
te

a
lle

so
sp

e
n
sio

n
i
tra

sc
u
ra

b
ili;

2
.
⇒

sim
m

e
tria

lo
n
g
itu

d
in

a
le

d
e
l
v
e
ic

o
lo

;

3
.
⇒

p
ic

c
o
li

a
n
g
o
li

d
i
ste

rz
o

δ
f

e
p
ic

c
o
li

a
n
g
o
li

d
i
d
e
riv

a
α

i ;

⇓
1
0



S
e
m

p
lifi

c
a
z
io

n
e

d
e
l
m

o
d
e
llo

(
5
)

M
o
d
e
llo

m
o
n
o
tra

c
c
ia

(
“
m

o
d
e
llo

a
b
ic
ic
le

tta
”
)

⇓
Il

m
o
d
e
llo

m
o
n
o
tra

c
c
ia

d
e
sc

riv
e

b
e
n
e

il
v
e
ic

o
lo

se
:

•
p
ic

c
o
li

a
n
g
o
li

d
i
d
e
riv

a
α

i
(←

→
ste

rz
a
te

d
o
lc

i);

•
p
ic

c
o
li

a
n
g
o
li

d
i
ste

rz
o

δ
f

(←
→

c
u
rv

e
a

la
rg

o
ra

g
g
io

);

•
la

v
e
lo

c
ità

v
x ≈

c
o
sta

n
te

.
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⇒
Il

m
o
d
e
llo

m
o
n
o
tra

c
c
ia

è
a
d
e
g
u
a
to

a
d
e
sc

riv
e
re

la
d
in

a
m

ic
a

la
te

ra
le

d
e
l
v
e
ic

o
lo

lu
n
g
o

p
e
rc

o
rsi

a
u
to

stra
d
a
li.

E
q
u
a
z
io

n
i
d
i
s
ta

to
(p

a
ra

m
e
triz

z
a
te

in
v
x ):


v̇
yψ̈


=



−
a
1

m
v v

x

−
m

v v
2x
+

a
2

m
v v

x

a
3

I
ψ
v
x

−
a
4

I
ψ
v
x

 
v
yψ̇


+


b
1

b
2


δ
v

(1
)

a
1

=
c
f
+

c
r

a
2

=
a
3

=
c
r lr −

c
f
lf

a
4

=
l 2f

c
f
+

l 2r
c
r

b
1

=
c
f
/
m

v

b
2

=
c
f
lf

/
I
ψ

1
2



S
is
te

m
a

d
i
v
is
io

n
e

F
o
rn

isc
e

il
v
a
lo

re
d
i
d
u
e

p
a
ra

m
e
tri

c
a
ra

tte
riz

z
a
n
ti

l’a
p
p
ro

ssim
a
-

z
io

n
e

re
ttilin

e
a

d
e
lla

m
e
z
z
e
ria

d
e
lla

c
o
rsia

(m
e

q):

y
=

ta
n
(m

)x
+

q
(2

)

1
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y

x
q

m

C
enterline of the lane

Linear approxim
ation of  the centerline of the lane supplied

by the vision system
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S
o
tto

le
s
te

s
s
e

ip
o
te

s
i

a
lla

b
a
se

d
e
l

m
o
d
e
llo

m
o
n
o
tra

c
c
ia

si

p
o
sso

n
o

d
e
d
u
rre

le
se

g
u
e
n
ti

re
la

z
io

n
i

tra
le

m
isu

re
fo

rn
ite

d
a
l

siste
m

a
d
i
v
isio

n
e

e
la

d
in

a
m

ic
a

d
e
l
v
e
ic

o
lo

:

q̇(t)
=

v
x (t)m

(t)−
v
y (t)−

v
x (t)K

L
(t)L

(3
)

ṁ
(t)

=
v
x (t)K

L
(t)−

ψ̇
(t)

(4
)

d
o
v
e

K
L

è
la

c
u
rv

a
tu

ra
d
e
lla

stra
d
a

(in
v
e
rso

d
e
l
ra

g
g
io

d
i
c
u
rv

a
-

tu
ra

)
L

m
e
tri

a
v
a
n
ti

il
v
e
ic

o
lo

.
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E
q
u
a
z
io

n
i
d
i
s
ta

to
d
e
l
v
e
ic
o
lo

d
o
ta

to
d
i

s
e
n
s
o
re



v̇
yψ̈q̇ṁ


=



−
a
1

m
v v

x

−
m

v v
2x
+

a
2

m
v v

x
0

0

a
3

I
ψ
v
x

−
a
4

I
ψ
v
x

0
0

−
1

0
0

v
x

0
−
1

0
0

 

v
yψ̇qm


+

+



b
1

b
200


δ
v
+



00−
L

v
x

v
x


K

L
(5

)

1
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In
c
e
rte

z
z
a

•
D

in
a
m

ic
h
e

n
o
n

m
o
d
e
lla

te
:

a
n
a
lisi

p
re

c
e
d
e
n
te

⇒
tra

sc
u
ra

-

b
ili,

p
o
c
o

e
c
c
ita

te
.

•
T
e
m

p
o

-
v
a
ria

n
z
a
:

a
n
a
lisi

p
re

c
e
d
e
n
te

⇒
si

a
ssu

m
e

v
x

c
o
m

e

p
a
ra

m
e
tro

in
c
e
rto

v
a
ria

b
ile

in
[6

0
,
1
3
0
]
k
m

/
h
.

•
In

c
e
rte

z
z
a

n
e
i
p
a
ra

m
e
tri:

m
,

I
ψ
,

c
f

e
c
r .
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In
c
e
rte

z
z
a

p
a
ra

m
e
tric

a

•
m

v
a
ria

in
[1

2
2
6
,
1
6
2
6
]

k
g
;

•
I
ψ
∈

[1
9
0
0
,2

5
2
0
]
k
g
m

2
;

•
c
f ∈

[5
1
0
0
0
,6

9
0
0
0
]
N
/
ra

d
;

•
c
r ∈

[8
1
6
0
0
,1

1
0
4
0
0
]
N
/
ra

d
;

•
v
x ∈

[6
0
/3

.6
,1

3
0
/3

.6
]
m

/
s;

1
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In
c
e
rte

z
z
a

p
a
ra

m
e
tric

a

L
’in

c
e
rte

z
z
a

p
a
ra

m
e
tric

a
p
u
ò

e
sse

re
tra

d
o
tta

(c
o
n

u
n

p
ò

d
i
c
o
n
-

se
rv

a
tiv

ità
)

in
u
n

b
lo

c
c
o

∆
m

d
i

in
c
e
rte

z
z
a

n
o
n

stru
ttu

ra
ta

in

fo
rm

a
m

o
ltip

lic
a
tiv

a
e
se

g
u
e
n
d
o

u
n

g
rid

d
in

g
su

g
li

in
te

rv
a
lli

d
i
in

-

c
e
rte

z
z
a

d
e
i
p
a
ra

m
e
tri

c
o
m

e
m

o
stra

to
n
e
lla

tra
sp

a
re

n
z
a

se
g
u
e
n
-

te
.
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10
0

10
1

−
70

−
60

−
50

−
40

−
30

−
20

−
10

 

 ω
 [rad/s] 

Multiplicative uncertainty ∆
m

 and upper bound W
2
(jω)

2
0



S
p
e
c
ifi

c
h
e

s
u
lle

p
re

s
ta

z
io

n
i

•
G

a
ra

n
tire

la
sta

b
iliz

z
a
z
io

n
e

d
e
ll’im

p
ia

n
to

a
fro

n
te

d
e
ll’in

c
e
r-
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