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çã
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sã
o

ao
d
is
co

d
e
a
tu
a
çã
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çõ
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aç

ão
M

ot
or

de
A

tu
aç
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õe
s

n
ão

id
ea

is
p
re

se
n
te

s
em

q
u
as

e
to

d
os

os
si

st
em

as
el

et
ro

m
ec

ân
ic

os
fi
si

ca
m

en
te

re
al

iz
áv

ei
s.

T
o
d
os

os
ei

x
os

ro
ta

tó
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b
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d
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n
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m
ed
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iç
õe
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b
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ra
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aç
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ra
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D
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a

E
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ĺı
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d
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b
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p
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d
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p
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iç
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oń
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p
ar

a
ce

rt
os

ex
p
er

im
en

to
s.

A
s

m
as

sa
s

d
os

ca
rr

os
p
o
d
em

se
r

al
te

ra
d
as

,
b
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n
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ra
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p
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p
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aç
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tr
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2.
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u
al
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].
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d
en

te
à
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d
e

u
m

a
h
as

te
,

em
co

n
ju

n
to

co
m

o
m

ot
or

d
e

at
u
aç
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p
o
d
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d
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d
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ro
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aç
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p
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m
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d
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d
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p
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iç
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aç
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p
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p
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d
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p
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n
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iç
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[3
].
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d
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d
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d
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d
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p
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d
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ra
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b
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p
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d
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er
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tu
aç

õe
s
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n
tr
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v
id
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çã
o

2.
2

d
o
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u
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[3
].
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d
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1
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n
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n
to
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m
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ot
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e
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u
aç
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d
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d
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p
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ro
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p
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d
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d
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d
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is

d
e

al
ta

p
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d
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os
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p
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p
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iç
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2.
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u
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].
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n
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sá

v
el

p
el

o
b
al

an
ço

d
o

si
st

em
a.

A
h
as

te
d
e

b
al

an
ço

é
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d
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d
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d
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d
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os
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l.
O

s
m

ot
or

es
d
e

at
u
aç
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sã

o
al

im
en

ta
d
os

el
et

ri
ca

m
en

te
p
or

se
rv

o-
am

p
li
fi
ca

d
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os
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].
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d
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ra
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b
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iç
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ç
a
s

d
e

c
o
n
fi
g
u
ra

ç
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çõ
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á-
v
ei

s
d
e

en
tr

ad
a

co
m

a
va

ri
áv

el
d
e

sá
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é
su

fi
ci

en
te

,
ou

q
u
an

d
o

o
m

o
d
el

o
é
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é
m

u
it

o
ú
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l
se

gu
n
d
o

al
gu

m
cr

it
ér

io
f́ı
si

co
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{
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P
on
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s

ex
p
er
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en

ta
is
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rv
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a
ju

st
ad
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P
ar
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efi

n
iç
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co
n
si

d
er

e
a
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on
d
e

os
d
ad

os
es

tã
o

re
p
re

se
n
ta

d
os

p
el

os
p
on

to
s
(x

1
,y

1)
,(

x 2
,y

2)
,.

..
,(

x n
,y

n)
.
P
ar

a
u
m

d
ad

o
va

lo
r

d
e

x
,
p
or

ex
em

p
lo

x 1
,
h
av

er
á

u
m

a
d
if
er

en
ça

en
tr

e
y 1

e
o

va
lo

r
co

rr
es

p
on

d
en

te
d
et

er
m

in
ad

o
n
a

cu
rv

a
(f

u
n
çã

o
g)

.
C

on
fo

rm
e

in
d
ic

ad
o

n
a

fi
gu

ra
,

re
p
re

se
n
ta

-s
e

es
sa

d
if
er

en
ça

p
or

d 1
,

q
u
e

é,
d
es

ig
n
ad

o
co

m
o

d
es

v
io

,
er

ro
ou

re
śı

d
u
o.

A
n
al

og
am

en
te

p
ar

a
os

va
lo

re
s
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n
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té
m
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e

os
d
es

v
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s
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d
a
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a
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to
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a

fu
n
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o
g
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ad
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is

p
oń
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d
ad

a
p
el

a
q
u
an

ti
d
ad
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d
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+

d
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+
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S
e

es
ta

q
u
an

ti
d
ad

e
é

p
eq

u
en
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o

a
ju

st
e

é
b
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,
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e

é
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P
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ta
n
to

,
u
ti

li
za
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e

o
cr

it
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a

se
gu

ir
p
ar

a
d
et

er
m

in
aç

ão
d
a

m
el

h
or

fu
n
çã

o.

C
ri

té
ri

o
d
o
s
M

ı́n
im

o
s
Q

u
a
d
ra

d
o
s:

D
e

to
d
as

as
cu

rv
as

q
u
e

se
a
ju

st
am

a
u
m

co
n
ju

n
to

d
e

d
ad

os
,
a

q
u
e

te
m

a
p
ro

p
ri

ed
ad

e
d
e

ap
re

se
n
ta

r
o

m
ı́n

im
o

va
lo

r

d
2 1
+

d
2 2
+

..
.+

d
2 n

é
d
en

om
in

ad
a

a
m

el
h
or

cu
rv

a
d
e

a
ju

st
am

en
to

.
D

iz
-s

e
q
u
e

u
m

a
cu

rv
a,

q
u
e

ap
re

se
n
ta

es
sa

p
ro

p
ri

ed
ad

e,
a
ju

st
a

os
d
ad

os
n
o

se
n
ti

d
o

d
os

M
ı́n
im

o
s
Q
u
a
d
ra
d
o
s

e
é

d
en

om
in

ad
a
C
u
rv
a

d
e
M
ı́n
im

o
s
Q
u
a
d
ra
d
o
s.

E
m

co
n
se

q
u
ên

ci
a,

u
m

a
re

ta
q
u
e

ap
re

se
n
ta

es
sa

p
ro

p
ri

ed
ad

e
é

d
en

om
in

ad
a

re
ta

d
e

m
ı́n

im
os

q
u
ad

ra
d
os

,
u
m

a
p
ar

áb
ol

a
é

d
en

om
in

ad
a

p
ar

áb
ol

a
d
e

m
ı́n

im
os

q
u
ad

ra
d
os

,
et

c.

4
.1

.1
E
st

im
a
d
o
r

d
o
s

m
ı́n

im
o
s

q
u
a
d
ra

d
o
s

D
ad

a
a

fu
n
çã

o
g

q
u
e

co
rr

es
p
on

d
e

ao
a
ju

st
am

en
to

d
es

ej
ad

o,
a

fu
n
çã

o
d
os

M
ı́n

im
os

Q
u
a-

d
ra

d
os

q
u
e

a
ju

st
a

a
fu

n
çã

o
g

ao
co

n
ju

n
to

d
e

p
on

to
s

(x
1
,y

1)
,(

x 2
,y

2)
,.

..
,(

x n
,y

n)
,
p
o
d
e

se
r

d
es

en
v
ol

v
id

a
a

p
ar

ti
r

d
as

se
gu

in
te

s
re

la
çõ

es
:

y
=

g(
x)

=
a 0

+
a 1

f 1
(x

)+
a 2

f 2
(x

)+
..

.+
a k

f k
(x

)
(1

)

D
efi

n
in

d
o

os
v
et

or
es

:

u
=

[1
f 1

(x
)

f 2
(x

)
..

.
f k

(x
))

]
(2

)

θ
=

[a
0

a 1
..

.
a k

]T
(3

)

T
em

-s
e

a
re

p
re

se
n
ta

çã
o

p
ar

a
(1

):
y
=

uθ
D

ev
e-

se
ob

te
r

u
m

es
ti

m
ad

or
θ̂

d
os

p
ar

âm
et

ro
s

d
es

co
n
h
ec

id
os

θ
a

p
ar

ti
r

d
as

m
ed

id
as

re
a-

li
za

d
as

.
P
ar

a
ta

n
to

va
m

os
su

p
or

,
co

n
fo

rm
e

d
es

cr
it

o
ac

im
a,

q
u
e

d
is

p
om

os
d
e

n
m

ed
id

as
,

is
to

é:

y 1
=

u 1
θ

y 2
=

u 2
θ

. . .

y n
=

u n
θ

ou
em

re
p
re

se
n
ta

çã
o

m
at

ri
ci

al
,

Y
=

U
θ,

on
d
e

Y
=

    y 1 y 2 . . . y n

    ,
U

=

    u 1 u 2 . . . u n

    .

O
v
et

or
Y

é
d
e

d
im

en
sã

o
n
×

1,
e

a
m

at
ri

z
U

é
d
e

d
im

en
sã

o
n
×
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+

1)
.
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ı́n

im
os

Q
u
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rm
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te
p
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s
p
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v
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e

m
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im
iz

a
a

so
m

a
d
os

q
u
ad

ra
d
os

d
a

d
if
er

en
ça

en
tr

e
o

va
lo

r
m

ed
id

o
e

o
va

lo
r

ca
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u
la

d
o,

p
on

d
er

ad
o

p
el

o
gr

au
d
e

p
re

ci
sã

o
d
a

m
ed

id
a.

”

C
on

si
d
er

e
en

tã
o

θ̂
o

va
lo

r
es

ti
m

ad
o

d
o

v
et

or
d
e

p
ar

âm
et

ro
s

θ,
e

d
efi

n
e-

se

Ŷ
=

U
θ̂

(4
)

S
ej

a
θ̃

=
θ
−

θ̂
e

Ỹ
=

Y
−

Ŷ
;
lo

go
,
te

m
-s

e
q
u
e:

Ỹ
=

U
θ̃

(5
)

A
eq

u
aç

ão
(5

)
é

d
en

om
in

ad
a

eq
u
aç

ão
d
o

er
ro

.
O

es
ti

m
ad

or
é

ob
ti

d
o

m
in

im
iz

an
d
o-

se
:

J(
θ)

=
w

(1
)Ỹ

2 1
+

w
(2

)Ỹ
2 2
+
···

+
w

(n
)Ỹ

2 n

on
d
e

w
(i
)

é
a

p
on

d
er

aç
ão

em
ca

d
a

co
m

p
on

en
te

d
o

er
ro

,
q
u
e

é
fu

n
çã

o
d
a

p
re

ci
sã

o
d
a

m
ed

id
a.

E
st

a
eq

u
aç

ão
p
o
d
e

se
r

re
es

cr
it

a
u
sa

n
d
o

a
fo

rm
a

v
et

or
ia

l
co

m
o

se
se

gu
e:

J(
θ)

=
Ỹ

T
W

Ỹ
=
‖Y

−
U

θ̂‖
2 W

on
d
e

W
=

d
ia

g(
w

(1
)w

(2
).

..
w

(n
))

.
P
or

ta
n
to

,
p
ar

a
se

ob
te

r
a

m
el

h
or

es
ti

m
at

iv
a

n
o

se
n
ti

d
o

d
os

m
ı́n

im
os

q
u
ad

ra
d
os

,
d
ev

e-
se

ob
te

r
θ̂

sa
ti

sf
az

en
d
o

J(
θ̂)

=
m

in θ
J(

θ)
=

m
in θ
‖Y

−
U

θ‖
2 W

=
m

in θ
[Y

T
W

Y
−

2Y
T

W
U

θ
+

θT
U

T
W

U
θ]

N
ot

e
q
u
e

J(
θ)

é
u
m

a
fu

n
çã

o
q
u
ad

rá
ti

ca
em

θ
cu

jo
o

m
ı́n

im
o

é
ob

ti
d
o

co
m

o
o

p
on

to
d
e

si
n
gu

la
ri

d
ad

e
d
es

sa
fu

n
çã

o;
as

si
m

d
er

iv
an

d
o,

∂J ∂θ

∣ ∣ ∣ ∣ θ=
θ̂
=

−2
[Y

T
W

U
]T

+
2U

T
W

U
θ̂

=
0

q
u
e

é
d
en

om
in

ad
a

eq
u
aç

ão
n
or

m
al

.
F
in

al
m

en
te

,

θ̂
=

[U
T

W
U

]−
1 U

T
W

Y
(6

)

Q
u
an

d
o

W
=

σ2
I
is

to
é,

w
(i
)=

σ2
ob

té
m

-s
e

o
es

ti
m

ad
or

d
os

M
ı́n

im
os

Q
u
ad

ra
d
os

d
es

cr
it

o
p
or

θ̂ M
Q

=
[U

T
U

]−
1 U

T
Y

(7
)
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E
x
e
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p
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d
e

a
p
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c
a
ç
ã
o

C
on

st
ru

ir
u
m

a
li
n
h
a

re
ta

q
u
e

se
a
ju

st
e

ao
s

se
gu

in
te

s
d
ad

os
:

X
1

3
4

6
8

9
11

14
Y

1
2

4
4

5
7

08
09

U
ti

li
za

n
d
o

o
M

ét
o
d
o

d
os

M
ı́n

im
os

Q
u
ad

ra
d
os

co
m

y
=

a 0
+

a 1
f 1

(x
),

e
f 1

(x
)=

x
te

m
-s

e
q
u
e

os
p
ar

âm
et

ro
s

sã
o

d
ad

os
p
or

:

a 0
=

0.
54

55
,

e
a 1

=
0.

63
64

A
F
ig

.
8

il
u
st

ra
os

p
on

to
s

d
ad

os
e

a
re

ta
ob

ti
d
a

p
el

os
m

ı́n
im

os
q
u
ad

ra
d
os

.
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P
on

to
s

ex
p
er

im
en

ta
is

e
cu

rv
a

a
ju

st
ad

a.

4
.2

Im
p
le

m
e
n
ta

ç
ã
o

d
o

M
a
tl

a
b

•
O

có
d
ig

o
d
o

P
ro

gr
am

a
em

M
at

la
b

d
o

ex
em

p
lo

n
a

se
çã

o
4.

1.
2

é
d
ad

o
a

se
gu

ir
.

%
T
h
i
s
s
c
r
i
p
t
f
i
n
d
s
t
h
e
c
o
e
f
f
i
c
i
e
n
t
s
f
o
r
t
h
e
e
x
a
m
p
l
e
o
f

t
h
e
l
i
n
e
a
r
m
o
d
e
l

Y
=
[
1
2
4
0
4
0
5
0
7
0
8
0
9
]
’
;
%
s
e
n
s
o
r
o
u
t
p
u
t

X
=
[
1
3
4
0
6
0
8
0
9
1
1
1
4
]
’
;
%
s
e
n
s
o
r
i
n
p
u
t

U
=
[
o
n
e
s
(
s
i
z
e
(
X
)
)
X
]
;

t
h
e
t
a
=
U
\
Y

%
C
r
e
a
t
e
v
e
c
t
o
r
o
f
e
v
a
l
u
a
t
i
o
n
p
o
i
n
t
s
f
o
r
c
o
r
r
e
c
t
i
o
n
f
u
n
c
t
i
o
n

X
_
e
v
a
l
=
(
1
:
1
:
1
4
)
’
;

%
E
v
a
l
u
a
t
e
f
u
n
c
t
i
o
n
a
t
p
o
i
n
t
s

Y
_
e
v
a
l
=
[
o
n
e
s
(
s
i
z
e
(
X
_
e
v
a
l
)
)
X
_
e
v
a
l
]
*
t
h
e
t
a
;

%
P
l
o
t

p
l
o
t
(
X
,
Y
,
’
o
’
,
X
_
e
v
a
l
,
Y
_
e
v
a
l
,
’
-
’
)
,
g
r
i
d
,
a
x
i
s
(
[
0
1
5
0
1
0
]
)

•
O

co
m

an
d
o
’
\
’

é
ch

am
ad

o
s
l
a
s
h

n
o

M
A

T
L
A

B
.
P
ar

a
m

ai
s

in
fo

rm
aç

õe
s,

n
a

ja
n
el

a
d
e

co
m

an
d
os

d
o

M
A

T
L
A

B
4
,
v
id

e
>
>
h
e
l
p
s
l
a
s
h

•
N

a
fo

rm
a

em
p
re

ga
d
a

n
o

p
ro

gr
am

a
ex

em
p
lo

,
U
\
Y

ca
lc

u
la

ex
at

am
en

te
a

ex
p
re

ss
ão

d
e

θ̂
em

(7
).
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h
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dá

in
fo

rm
aç

õe
s

so
br

e
qu

al
qu

er
co

m
an

do
“�

”
co

nh
ec

id
o.

E
x
p
.

2
14

•
N

o
ca

so
d
o

se
n
so

r
óp

ti
co

d
o

L
ev

it
ad

or
M

ag
n
ét

ic
o,

ad
ot

a-
se

a
cu

rv
a

x
=

g−
1
(y

)
=

a 0
+

a 1
y
+

a 2 y
+

a 3 √ y

on
d
e

x
é

a
d
is

tâ
n
ci

a
d
o

m
ag

n
et

o
a

b
ob

in
a

(e
m

cm
)

e
y

é
a

sá
ıd

a
d
o

m
ed

id
or

(e
m

co
u
n
ts

).
N

es
te

ca
so

ad
ot

a-
se

n
o

p
ro

gr
am

a
a

m
at

ri
z
U

n
a

fo
rm

a

U
=
[
o
n
e
s
(
s
i
z
e
(
Y
)
)
Y
1
.
/
Y
1
.
/
s
q
r
t
(
Y
)
]
;

t
h
e
t
a
=
U
\
X

•
A

d
iv

is
ão

.
/

é
ch

am
ad

a
a
rr
a
y
d
iv
is
io
n

d
o

M
A

T
L
A

B
.
C

or
re

sp
on

d
e

a
d
iv

is
ão

el
e-

m
en

to
p
or

el
em

en
to

d
e

u
m

a
m

at
ri

z
ou

v
et

or
.

P
or

ex
em

p
lo

,
1
.
/
X

fo
rn

ec
e

co
m

o
re

su
lt

ad
o

a
m

at
ri

z
co

m
el

em
en

to
s
1
/
x
_
{
i
j
}
;
Y
.
*
X

fo
rn

ec
e

a
m

at
ri

z
co

m
el

em
en

-
to

s
y
_
{
i
j
}
x
_
{
i
j
}
.

N
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te
ca

so
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p
re

ci
so

q
u
e
Y

e
X

te
n
h
am

ex
at

am
en

te
a

m
es

m
a

d
im

en
sã
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]

M
an

u
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M
o
d
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–
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d
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st
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E
m
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S
er

v
o

T
ra

in
er
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E

C
P
,
19
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.
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[2
]

M
an

u
al

fo
r

M
o
d
el

21
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21
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–
R
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n
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r
C

on
tr
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S
y
st
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E

C
P
,
19
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.
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]

M
an

u
al

fo
r

M
o
d
el

20
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T
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on
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C

on
tr
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S
y
st

em
,
E
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aç

a
p
el

o
m

en
os

ci
n
co

m
ed

id
as

d
e

p
os

iç
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iç
ão

d
e

d
is

-
tâ
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ú
n
ic

o
m

ag
n
et

o,
em

re
p
ou

so
so

b
re

a
b
ob

in
a

in
fe

-
ri

or
.

A
te

n
ç
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ç
ã
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õe
s

co
n
ti

d
as

n
es

ta
ap

os
ti

la
d
ev

em
se

r
co

m
p
le

m
en

ta
d
as

p
or

u
m

a
le

it
u
ra

at
en

ta
d
os

q
u
at

ro
p
ri

m
ei

ro
s
ca

ṕ
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