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al
ue

of
th
e

la
th
e
to
ol

an
d
its

de
sir

ed
re
fe
re
nc

e
va
lu
e,
w
he

n
th
er
e
is
a
st
ep

di
st
ur
ba

nc
e

in
th
e
cu

tt
in
g
po

w
er
f c

(t
)?

T
he

co
nt
ro
lle

r
is

as
su
m
ed

to
be

an
am

pl
ifi
er

w
ith

a
co
ns
ta
nt

ga
in
F

(s
)=

K
.

b)
H
ow

is
th
is

er
ro
r
ch
an

ge
d
if
th
e
am

pl
ifi
er

is
re
pl
ac
ed

by
a
PI

co
nt
ro
lle

r
w
ith

tr
an

sf
er

fu
nc

tio
n
F

(s
)=

K
1

+
K

2/
s?

3.
5
C
on

sid
er

th
e
sy
st
em

Y
(s

)=
G

(s
)U

(s
)=

0.
2

(s
2

+
s

+
1)

(s
+

0.
2)
U

(s
).

a)
Su

pp
os
e
G

(s
)
is

co
nt
ro
lle

d
by

a
pr
op

or
tio

na
l
co
nt
ro
lle
r
w
ith

ga
in
K

P
,

th
at

is,
U

(s
)=

K
P

(R
(s

)−
Y

(s
))
.

U
se

M
at

la
b

to
co
m
pu

te
th
e
cl
os
ed

lo
op

sy
st
em

,
an

d
to

pl
ot

th
e
st
ep

re
sp
on

se
of

th
e
cl
os
ed

lo
op

sy
st
em

.
C
ho

os
e
so
m
e
va
lu
es

fo
r
K

P
in

th
e

ra
ng

e
0.

1
to

10
.
H
ow

ar
e
th
e
pr
op

er
tie

s
of

th
e
st
ep

re
sp
on

se
aff

ec
te
d
by

K
P
?

W
ha

t
ha

pp
en

s
w
ith

th
e
st
ea
dy

st
at
e
er
ro
r
w
he

n
K

P
in
cr
ea
se
s?

Is
it

po
ss
ib
le

to
ob

ta
in

a
w
el
ld

am
pe

d
cl
os
ed

lo
op

sy
st
em

an
d
sm

al
ls

te
ad

y
st
at
e
er
ro
r
us
in
g
pr
op

or
tio

na
lc

on
tr
ol
?

b)
Le

t
us

no
w

in
tr
od

uc
e
in
te
gr
at
io
n
in

th
e
re
gu

la
to
r
an

d
us
e

U
(s

)=
(K

P
+
K

I1 s
)(
R

(s
)−

Y
(s

))
.

Pu
tK

P
=

1
an

d
tr
y
so
m
e
va
lu
es

of
K

I
in

th
e
ra
ng

e
0
<
K

I
<

2.
H
ow

ar
e

th
e
st
ep

re
sp
on

se
an

d
th
e
st
ea
dy

st
at
e
er
ro
r
aff

ec
te
d
by

th
e
in
tr
od

uc
tio

n
of

th
e
in
te
gr
at
in
g
pa

rt
an

d
th
e
va
lu
e
of
K

I?
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c)
Fi
na

lly
w
e
w
ill

in
tr
od

uc
e
th
e
di
ffe

re
nt
ia
tin

g
pa

rt
in

th
e
re
gu

la
to
ra

nd
us
e

U
(s

)=
(K

P
+
K

I1 s
+

K
D
s

sT
+

1)(
R

(s
)−

Y
(s

))
.

Si
nc

e
tr
ue

di
ffe

re
nt
ia
tio

n
is

di
ffi
cu

lt
to

im
pl
em

en
t,

th
e
de

riv
at
iv
e
pa

rt
is

ap
pr
ox
im

at
ed

by
K

D
s

1+
s
T
.
(T

hi
s
w
ill

lo
w
-p
as
s
fil
te
r
th
e
er
ro
r
sig

na
lb

ef
or
e

di
ffe

re
nt
ia
tio

n.
)
Pu

t
K

P
=

1,
K

I
=

1
an

d
T

=
0.

1
an

d
tr
y
so
m
e
va
lu
es

of
K

D
in

th
e
ra
ng

e
0
<
K

D
<

3.
H
ow

do
es

th
e
D
-p
ar
t
aff

ec
t
th
e
st
ep

re
sp
on

se
of

th
e
cl
os
ed

lo
op

sy
st
em

?

Σ
G

O
(s

)
+

− Fi
gu

re
3.
6a

3.
6
D
ra
w

a
ro
ot

lo
cu

s
w
ith

re
sp
ec
tt

o
K

fo
rt

he
sy
st
em

in
Fi
gu

re
3.
6a
,w

ith
G

o(
s)

gi
ve
n
be

lo
w
.
Fo

r
w
hi
ch

va
lu
es

of
K

ar
e
th
e
sy
st
em

s
st
ab

le
?
W

ha
t
co
nc

lu
sio

ns
on

th
e
pr
in
ci
pa

ls
ha

pe
of

th
e
st
ep

re
sp
on

se
ca
n
be

dr
aw

n
fr
om

th
e
ro
ot

lo
cu

s?

a)
A

Fe
rr
is

w
he

el
(S
w
ed
ish

:
Pa

ri
se

rh
ju

l)
:

G
o(
s)

=
K

(s
+

2)
s(
s

+
1)

(s
+

3)

b)
A

M
ar
s
ro
ve
r:

G
o(
s)

=
K

s(
s2

+
2s

+
2)

c)
A

m
ag
ne

tic
flo

at
er
:

G
o(
s)

=
K

(s
+

1)
s(
s
−

1)
(s

+
6)

3.
7
C
on

sid
er

th
e
se
rv
o
sy
st
em

in
Fi
gu

re
3.
7a

w
ith

a
D
C
-m

ot
or
.
Su

pp
os
e
th
at

th
e

an
gu

la
r
ve
lo
ci
ty

ca
n
be

m
ea
su
re
d
w
ith

a
ta
ch
om

et
er

an
d
le
t
th
e
co
nt
ro
ll
aw

be
as

in
th
e
bl
oc
k
di
ag
ra
m
.
Le

t
τ

=
0.

5
an

d
k

=
2.

a)
D
ra
w

th
e

ro
ot

lo
cu

s
w
ith

re
sp
ec
t
to

K
fo
r
th
e

sy
st
em

w
ith

ou
t
th
e

ta
ch
om

et
er

fe
ed

ba
ck

(t
ha

t
is,
α

=
0)
.

K
Σ

Σ
k

1
+

sτ

1 s

α

+
+

θ̇

−
−

θ r
e
f

θ

Fi
gu

re
3.
7a

b)
D
ra
w

th
e
ro
ot

lo
cu
s
w
ith

re
sp
ec
t
to
K

fo
r
α

=
1.

c)
D
ra
w

th
e
ro
ot

lo
cu

s
w
ith

re
sp
ec
t
to
K

fo
r
α

=
1/

3.
d)

Le
t
K

=
1
an

d
dr
aw

th
e
ro
ot

lo
cu

s
w
ith

re
sp
ec
t
to
α
.

D
isc

us
s,

us
in
g
th
e
re
su
lts

fr
om

a)
,b

),
c)
,a

nd
d)
,w

ha
t
is

ga
in
ed

by
us
in
g
th
e

ta
ch
om

et
er
.

δ

θ

Fi
gu

re
3.
8a

3.
8
C
on

sid
er

an
ai
rc
ra
ft

w
he
re

th
e
pi
tc
h

an
gl
e
θ
is

co
nt
ro
lle

d
by

th
e
el
ev
at
or

de
fle

ct
io
n
(S
w
ed

ish
:

hö
jd

ro
de

ru
ts

la
g)
δ,

se
e
Fi
gu

re
3.
8a
.
Le

t
ω
be

th
e
an

gu
la
r

ve
lo
ci
ty
,

ω
=
θ̇.

If
w
e
co
ns
id
er

sm
al
ld

ev
ia
tio

ns
fr
om

a
re
fe
re
nc

e
va
lu
e
θ 0
,w

e
ge
t
th
e
tr
an

sf
er

fu
nc

tio
n
fr
om

δ
to
ω
fo
r
a
sp
ec
ifi
c
ai
rc
ra
ft

as

G
2(
s)

=
s

+
1

(s
+

4)
(s
−

3)

T
hi
s
m
od

el
is

va
lid

w
he

n
th
e
ai
rc
ra
ft

is
flo

w
n
w
ith

a
la
rg
e
θ 0
.
T
he

el
ev
at
or

(S
w
ed

ish
:

hö
jd

ro
de

r)
is
dr
iv
en

by
a
hy

dr
au

lic
se
rv
o
am

pl
ifi
er

w
ith

th
e
tr
an

sf
er
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fu
nc

tio
n

G
1(
s)

=
10

s
+

10
fr
om

el
ev
at
or

co
m
m
an

d
δ r

ef
to
δ.

a)
W

ha
t
ha

pp
en

s
w
ith

ω
if

on
e
gi
ve
s
a
co
ns
ta
nt

el
ev
at
or

co
m
m
an

d
δ r

ef
?

M
ot
iv
at
e!

b)
T
he

an
gu

la
r
ve
lo
ci
ty
ω
is
m
ea
su
re
d
an

d
a
co
nt
ro
ll
aw

is
us
ed

so
th
at

th
e

in
pu

t
δ r

ef
to

th
e
se
rv
o
am

pl
ifi
er

is

K
(ω

re
f
−
ω

).

D
ra
w

ro
ot

lo
cu

s
w
ith

re
sp
ec
t
to
K
.
Fo

r
w
hi
ch

va
lu
es

of
K

is
th
e
sy
st
em

st
ab

le
?

c)
Is

th
er
e
an

y
va
lu
e
of
K

su
ch

th
at

th
e
cl
os
ed

lo
op

sy
st
em

is
st
ab

le
an

d
al
l

po
le
s
ar
e
re
al
?

1
(s

+
1)

(s
+

10
)

Σ
Σ

1 s

K
1

K
2

+
+

θ̇

−
−

θ r
e
f

θ

Fi
gu

re
3.
9a

3.
9
T
he

bl
oc
k
di
ag
ra
m

in
Fi
gu

re
3.
9a

sh
ow

sa
ca
sc
ad

e
co
nt
ro
lle

d
D
C
-m

ot
or

w
he

re
K

1
>

0
an

d
K

2
>

0.

a)
D
ra
w

ro
ot

lo
cu

s
w
ith

re
sp
ec
t
to

K
2
fo
r
th
e
ch
ar
ac
te
ris

tic
eq
ua

tio
n

of
th
e
cl
os
ed

lo
op

sy
st
em

.
Fo

r
w
hi
ch

K
2
>

0
ar
e
th
e
cl
os
ed

lo
op

sy
st
em

as
ym

pt
ot
ic
al
ly

st
ab

le
?

b)
H
ow

is
th
e
st
ab

ili
ty

re
qu

ire
m
en
to

n
K

2
aff

ec
te
d
by

th
e
siz

e
of

th
e
ve
lo
ci
ty

fe
ed

ba
ck
K

1?

3.
10

W
e
w
an

t
to

co
nt
ro
l
th
e
te
m
pe

ra
tu
re

of
an

un
st
ab

le
ch
em

ic
al

re
ac
to
r.

T
he

tr
an

sf
er

fu
nc

tio
n
is

1
(s

+
1)

(s
−

1)
(s

+
5)

a)
U
se

a
pr
op

or
tio

na
lc

on
tr
ol
le
r
an

d
dr
aw

a
ro
ot

lo
cu
s
w
ith

re
sp
ec
t
to

th
e

am
pl
ifi
ca
tio

n
K
.
C
al
cu

la
te

w
hi
ch

K
in

th
e
co
m
pe

ns
at
or

th
at

st
ab

ili
ze
s

th
e
sy
st
em

.
b)

U
se

a
PD

co
nt
ro
lle

r.
T
he

co
nt
ro
ll
aw

is
gi
ve
n
by

u
=
K

(e
+
T

D
de dt

)

w
he

re
e
is
th
e
er
ro
r.

Le
t
T

D
=

0.
5
an

d
dr
aw

a
ro
ot

lo
cu

s
w
ith

re
sp
ec
t
to

K
.
Fo

r
w
hi
ch

va
lu
es

of
K

do
es

th
e
co
nt
ro
lle

r
st
ab

ili
ze

th
e
sy
st
em

?

k

s(
s

+
2)

a

s
+

a

Σ

Σ

+
u

+
y m

y f

−

+

r
y M
ea

su
re

m
en

t
no

is
e

Fi
gu

re
3.
11
a

3.
11

C
on

sid
er

th
e
sy
st
em

in
Fi
gu

re
3.
11
a.

In
a
re
al
ist

ic
sit

ua
tio

n
w
ha

t
yo
u
re
al
ly

m
ea
su
re

is
no

ty
(t

)b
ut

a
sig

na
ly

m
(t

)w
hi
ch

is
th
es

um
of
y
(t

)a
nd

m
ea
su
re
m
en
t

no
ise

.
To

av
oi
d
th
at

th
e
co
nt
ro
li
sb

as
ed

on
no

isy
m
ea
su
re
m
en
ts

on
e
us
es
y f

(t
)

in
st
ea
d
of
y m

(t
).

T
he

sig
na

ly
f(
t)

is
y m

(t
)
fil
te
re
d
th
ro
ug

h
th
e
lo
w

pa
ss

fil
te
r

a

s
+
a

a)
Fi
rs
t
w
e
as
su
m
e
th
at

th
e
m
ea
su
re
m
en
t
no

ise
is
ne

gl
ig
ib
le
.
C
ho

os
e
k

=
6.

D
ra
w

a
ro
ot

lo
cu

s
fo
r
th
e
cl
os
ed

lo
op

sy
st
em

w
ith

re
sp
ec
t
to

th
e
tim

e
co
ns
ta
nt

of
th
e
lo
w

pa
ss

fil
te
r

1/
a
.
Fi
nd

fo
r
w
hi
ch

a
>

0
th
e
sy
st
em

is
st
ab

le
.
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b)
U
se
k

=
6
an

d
as
su
m
e
th
at

th
e
no

ise
is

a
hi
gh

fr
eq
ue

nc
y
sin

us
oi
d.

T
he

am
pl
itu

de
of
y f

w
he

n
y m

(t
)=

sin
(1

0t
)

is
us
ed

as
a
m
ea
su
re
m
en
to

fh
ow

eff
ec
tiv

e
th
e
no

ise
re
du

ct
io
n
is.

W
ha

ti
s

th
e
sm

al
le
st

va
lu
e
yo
u
ca
n
ob

ta
in

(a
ft
er

tr
an

sie
nt
s)

by
ch
oo

sin
g
a
su
ita

bl
e

a
.
W
e
al
so

w
an

t
y
to

te
nd

to
th
e
st
ea
dy

st
at
e
va
lu
e

1
w
he

n
r(
t)

is
a
un

it
st
ep

.

3.
12

Fi
gu

re
3.
12
a

sh
ow

s
th
e
ro
ot

lo
cu

s
fo
r
th
e
ch
ar
ac
te
ris

tic
eq
ua

tio
n

of
a

P-
co
nt
ro
lle

d
pr
oc
es
s
G

w
ith

re
sp
ec
t
to

th
e
ga
in
K
.
In

Fi
gu

re
3.
12
b
fo
ur

st
ep

re
sp
on

se
s
fo
r
th
e
cl
os
ed

lo
op

sy
st
em

w
ith

di
ffe

re
nt

va
lu
es

of
K

ar
e
sh
ow

n.
M
at
ch

th
e
pl
ot
s
in

Fi
gu

re
3.
12
b
w
ith

th
e
K
-v
al
ue
s
be

lo
w
.
Ju

st
ify

yo
ur

an
-

sw
er
.

K
=

4
K

=
10

K
=

18
K

=
50

-4
-2

2

-22

R
e

Im

Fi
gu

re
3.
12
a.

St
ar
tin

g
po

in
ts

ar
e
m
ar
ke
d
×

an
d
en

d
po

in
ts
◦.

St
ep

A
St
ep

B

St
ep

C
St
ep

D

Fi
gu

re
3.
12
b.

A
ll
co
m
pa

ra
bl
e
ax

es
ha

ve
eq
ua

ls
ca
lin

g.

3.
13

C
on

sid
er

a
sy
st
em

w
ith

th
e
tr
an

sf
er

fu
nc

tio
n

G
(s

)=
sn
−

1
+
b 1
sn
−

2
+
··
·b
n

sn
+
a

1s
n
−

1
+
··
·+

a
n

th
at

ha
sa

ll
ze
ro
ss

tr
ic
tly

in
th
e
le
ft
ha

lf
pl
an

e.
Sh

ow
th
at

su
ch

a
sy
st
em

al
w
ay
s

ca
n
be

st
ab

ili
ze
d
by

u
(t

)=
−
K
y
(t

)

if
K

is
se
le
ct
ed

la
rg
e
en
ou

gh
.
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La
ke

D
am

D
am

q d
a
m

q i
n

q o
u
t

Fi
gu

re
3.
14
a

3.
14

W
e
w
an

tt
o
co
nt
ro
lt
he

le
ve
li
n
a
la
ke

by
co
nt
ro
lli
ng

th
e
flo

w
us
in
g
flo

od
ga
te
s,

se
e
Fi
gu

re
3.
14
a.

T
he

re
la
tio

ns
hi
p
be

tw
ee
n
ch
an

ge
s
in

th
e
le
ve
lo

f
th
e
la
ke
,

h
∆
,a

nd
ch
an

ge
s
in

th
e
flo

w
s,
q i

n,
∆

an
d
q o

ut
,∆
,i
s
gi
ve
n
by

d dt
(A
h

∆
)=

q i
n,

∆
−
q o

ut
,∆

w
he

re
A

is
th
e
ar
ea

of
th
e
la
ke
.
In

or
de

r
to

tr
y
to

ke
ep

th
e
le
ve
lo

ft
he

la
ke

co
ns
ta
nt

th
e
flo

w
s
th
ro
ug

h
th
e
la
ke

ar
e
co
nt
ro
lle

d
at

th
e
in
flo

w
su
ch

th
at

q d
am
,∆

=
K

(h
re

f,
∆
−
h

∆
)

w
he

re
h

re
f,

∆
is

th
e
re
fe
re
nc

e
va
lu
e.

T
he

re
se
rv
oi
r
th
at

co
nt
ro
ls

th
e
ou

tfl
ow

is
co
nt
ro
lle

d
so

th
at
q o

ut
is

co
ns
ta
nt
,t

ha
t
is,

q o
ut
,∆

=
0.

Si
nc

e
it

ta
ke
s
tim

e
be

fo
re

a
ch
an

ge
in
q d

am
gi
ve
s
a
re
su
lt
in
q i

n
w
e
ha

ve

q i
n,

∆
=
q d

am
,∆

(t
−
T

)

w
he

re
T

=
0.

5
ho

ur
s.

H
ow

la
rg
e
ca
n
th
e
qu

ot
ie
nt
K
/A

be
at

th
e
m
os
t
be

fo
re

th
e
sy
st
em

be
co
m
es

un
st
ab

le
?

Σ
K

G
(s

)
+

−

Fi
gu

re
3.
15
a

3.
15

A
sy
st
em

G
(s

)
is

co
nt
ro
lle

d
us
in
g
fe
ed

ba
ck

w
ith

a
pr
op

or
tio

na
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ẋ
=
( −1

1
2
−

3) x
+
( 1 1) u

Is
it

po
ss
ib
le

to
co
nt
ro
lt

he
sy
st
em

fr
om

th
e
or
ig
in

to
x

=
( 1

3) T w
ith

in
4

se
co
nd

s?

8.
10

G
iv
e
th
e
di
m
en

sio
ns

of
th
e
co
nt
ro
lla

bl
e
an

d
un

ob
se
rv
ab

le
su
bs
pa

ce
s
to

th
e

sy
st
em

s
be

lo
w
.
G
iv
e
al
so

th
e
co
nt
ro
lla

bl
e
an

d
un

ob
se
rv
ab

le
su
bs
pa

ce
s.

a)

ẋ
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ẋ
=

   0
1

1
1

0
0

1
1

0
0

0
1

0
0

0
1   x+

   1 10 −
3 2

   u
y

=
( 1

0
0

0) x

52



u
1

x
1

x
2

x
3

u
2

Fi
gu

re
9.
6a

9.
6
W
e
w
an

tt
o
co
nt
ro
lt
he

te
m
pe

ra
tu
re

in
a
lo
ng

co
pp

er
ro
d
by

he
at
in
g
or

co
ol
in
g

its
en

dp
oi
nt
s.

Pr
in
ci
pa

lly
,
th
is

pr
ob

le
m

is
de

sc
rib

ed
by

a
pa

rt
ia
ld

iff
er
en
tia

l
eq
ua

tio
n.

To
sim

pl
ify

th
e
pr
ob

le
m

w
e
as
su
m
e
th
at

th
e
te
m
pe

ra
tu
re

pr
ofi

le
in

th
e
ro
d
ca
n
be

ap
pr
ox
im

at
ed

by
th
e
te
m
pe

ra
tu
re
s
x

1,
x

2,
an

d
x

3
at

th
re
e

po
in
ts
.
T
he

te
m
pe

ra
tu
re
s
in

th
e
en

d
po

in
ts

ar
e
th
e
in
pu

ts
,
u

1
an

d
u

2.
A
ll

te
m
pe

ra
tu
re
s
ar
e
re
la
tiv

e
to

th
e
te
m
pe

ra
tu
re

of
th
e
su
rr
ou

nd
in
gs
.

W
e
ge
t
th
e
fo
llo

w
in
g
or
di
na

ry
di
ffe

re
nt
ia
le

qu
at
io
ns
:

ẋ
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ẏ
(0

),
de

cr
ea
se
s
as

th
e
ze
ro

of
th
e
sy
st
em

ap
pr
oa
ch
es

th
e
or
ig
in
.

b)
Is

it
po

ss
ib
le

to
us
e
st
at
e
fe
ed

ba
ck

to
el
im

in
at
e
th
e
pr
ob

le
m

th
at

th
e
st
ep

re
sp
on

se
go

es
in

th
e
w
ro
ng

di
re
ct
io
n
in
iti
al
ly
?
Ju

st
ify

yo
ur

an
sw

er
.

9.
12

T
he

or
et
ic
al
ly

on
e

ca
n

pl
ac
e

th
e

po
le
s

of
a

co
nt
ro
lla

bl
e

sy
st
em

ar
bi
tr
ar
-

ily
.
W

hi
ch

pr
ac
tic

al
di
ffi
cu

lti
es

lim
it

th
e
pe

rf
or
m
an

ce
th
at

on
e
ca
n
ac
tu
al
ly

ac
hi
ev
e?

55



9.
13

C
on

sid
er

th
e
sy
st
em

ẋ
=
( −3

1
1
−

2) x
+
( −1 2

) u

y
=
( 1

1) x
a)

D
et
er
m
in
e
L

of
a
st
at
e
fe
ed

ba
ck

u
=
r
−
L
x
,
th
at

pl
ac
es

th
e
po

le
s
at

−
2
±

i.
b)

T
he

st
at
e
fe
ed

ba
ck

of
a)

is
us
ed

.
It

is
ob

se
rv
ed

th
at

th
e
ou

tp
ut
y
(t

)=
0

fo
ra

ll
t
is
ob

ta
in
ed

fo
ra

re
fe
re
nc

e
sig

na
lo

ft
he

fo
rm

r(
t)

=
eα
t
.
Fo

rw
ha

t
va
lu
e(
s)

of
α
do

es
th
is

oc
cu

r?

9.
14

C
on

sid
er

th
e
m
od

el
of

a
D
C
-m

ot
or

Y
(s

)=
G

(s
)U

(s
)

w
he

re
G

(s
)=

1
s(
s

+
1)

a)
G
en

er
at
e
a
st
at
e
sp
ac
e
re
pr
es
en
ta
tio

n
us
in
g

M
at

la
b.

W
hi
ch

ph
ys
ic
al

sig
na

ls
ar
e
re
pr
es
en
te
d
by

th
e
st
at
es
?

b)
Su

pp
os
e
th
at

th
e
sy
st
em

is
go
in
g
to

be
co
nt
ro
lle

d
us
in
g
st
at
e
fe
ed

ba
ck

u
(t

)=
−
L
x

(t
)+

l 0
r(
t)

C
om

pu
te

th
e
ga
in

ve
ct
or
L

an
d
sim

ul
at
e
th
e
cl
os
ed

lo
op

sy
st
em

fo
r
th
e

fo
llo

w
in
g
tw

o
ch
oi
ce
s
of

cl
os
ed

lo
op

po
le
s:

�
Tw

o
po

le
s
at
−

2.
2

�
Po

le
s
at
−

1
±

i
A
lso

co
m
pu

te
l 0

su
ch

th
at

th
e
cl
os
ed

lo
op

sy
st
em

ge
ts

st
at
ic

ga
in

on
e.

In
pa

rt
ic
ul
ar

lo
ok

at
th
e
pr
op

er
tie

s
of

th
e
st
ep

re
sp
on

se
an

d
th
e
m
ag
ni
tu
de

of
th
e
co
nt
ro
ls
ig
na

li
n
th
e
tw

o
ca
se
s.

W
hi
ch

po
le

lo
ca
tio

ns
gi
ve

th
e
be

st
tr
ad

e
off

be
tw

ee
n
re
sp
on

se
sp
ee
d
an

d
co
nt
ro
ls

ig
na

lm
ag
ni
tu
de

?
c)

N
ow

le
t
L
be

co
m
pu

te
d
us
in
g
lin

ea
r
qu

ad
ra
tic

op
tim

iz
at
io
n
(L

Q
)
fo
r
th
e

th
re
e
ch
oi
ce
s
of

w
ei
gh

t
m
at
ric

es
gi
ve
n
be

lo
w
.
C
om

pu
te

th
e
cl
os
ed

lo
op

po
le
sa

nd
th
e
st
ep

re
sp
on

se
so

ft
he

cl
os
ed

lo
op

sy
st
em

fo
rt

he
th
re
e
ca
se
s.

D
es
cr
ib
e
ho

w
th
e
pr
op

er
tie

s
of

th
e
st
ep

re
sp
on

se
s
in

th
e
di
ffe

re
nt

ca
se
s.

(i)
Q

1
=
( 0

0
0

1) ,
Q

2
=

1

(ii
)
Q

1
=
( 0

0
0

10

) ,
Q

2
=

1

(ii
i)
Q

1
=
( 0

0
0

0.
1) ,

Q
2

=
1

d)
St
ar
tf
ro
m

ca
se

(ii
)a

nd
in
cr
ea
se

th
ew

ei
gh

to
n
th
ec

on
tr
ol

sig
na

lg
ra
du

al
ly

un
til
Q

2
=

10
.
C
om

pa
re

th
e
re
su
lt
w
ith

th
e
re
su
lt

ob
ta
in
ed

fo
r
ca
se

(i)
.

e)
St
ar
t
fr
om

ca
se

(i)
an

d
in
tr
od

uc
e
a
w
ei
gh

t
on

th
e
ve
lo
ci
ty
ẏ
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ẋ
(t

)=
(A
−
B
L

)x
(t

)+
B
r(
t)

y
(t

)=
C
x

(t
)

ka
n
nu

sk
ap

as
t
ex

m
ed

fu
nk

tio
ne

n
ss

.

8



G
en

er
er
a

til
ls
tå
nd

sb
es
kr
iv
ni
n-

ge
n

fö
r
de

t
åt
er
ko

pp
la
de

sy
s-

te
m
et
.
K
on

tr
ol
le
ra

at
t
po

le
rn
a

pl
ac
er
at
s
på

ön
sk
at

sä
tt
.

>>
Gc

=
ss

(
G.

a
-

G.
b

*
L,

G.
b,

G.
c,

0
);

>>
ei

g(
Gc

.a
)

an
s

=

-2
.0

00
0

-2
.0

00
0

+
0.

00
00

i
-2

.0
00

0
-

0.
00

00
i

D
et

åt
er
ko
pp

la
de

sy
st
em

et
ss

te
gs
va
rk

an
nu

be
rä
kn

as
oc
h
rit

as
up

p
m
ed

fu
nk

tio
ne

n
st

ep
.

B
er
äk

na
oc
h

rit
a

up
p

de
t

åt
er
ko
pp

la
de

sy
st
em

et
s

st
eg
-

sv
ar
.

>>
st

ep
(

Gc
)

T
im

e 
(s

ec
.)

Amplitude

S
te

p 
R

es
po

ns
e

0
1

2
3

4
5

6
7

0

0.
050.

1

0.
150.

2

0.
250.

3

0.
350.

4

0.
450.

5
 

På
de

tt
a
sä
tt

se
r
vi

en
da

st
de

n
ut
sig

na
l
so
m

de
fin

ie
ra
s
av

ve
kt
or
n
C
.

V
ill

vi
st
ud

er
a
sa
m
tli
ga

til
lst

ån
d
ka

n
de

tt
a
gö
ra
s
ge
no

m
at
t
lå
ta
C

va
ra

en
en

he
ts
m
at
ris

m
ed

di
m
en

sio
n
lik

a
m
ed

sy
st
em

et
s
or
dn

in
gs
ta
l.

Sk
ap

a
de

t
åt
er
ko

pp
la
de

sy
s-

te
m
et

på
ny

tt
,

m
en

m
ed

sa
m
tli
ga

tr
e
til
ls
tå
nd

so
m

ut
si
g-

na
le
r.

>>
Gc

=
ss

(
G.

a
-

G.
b

*
L,

G.
b,

ey
e(

3)
,

0
);

>>
st

ep
(

Gc
)

−
0.

010

0.
01

0.
02

0.
03

To: Out(1)

0

0.
02

0.
04

0.
06

0.
08

To: Out(2)

0
1

2
3

4
5

6
7

0

0.
51

To: Out(3)

S
te

p 
R

es
po

ns
e

T
im

e 
(s

ec
)

Amplitude

Fö
r
at
t
be

rä
kn

a
lin

jä
rk
va
dr
at
isk

til
lst

ån
ds
åt
er
ko
pp

lin
g
ka

n
fu
nk

tio
ne

n
lq

r
an

vä
n-

da
s.

9



11
Sa

m
m

an
fa

tt
ni

ng
av

ko
m

m
an

-
do

n

11
.1

A
nv

än
db

ar
a

ko
m

m
an

do
n

i
C

on
tr

ol
Sy

st
em

T
oo

lb
ox

tf
Sy

st
em

på
öv
er
fö
rin

gs
fu
nk

tio
ns
fo
rm

ss
Sy

st
em

på
til
lst

ån
ds
fo
rm

po
le

Po
le
r

st
ep

St
eg
sv
ar

tz
er

o
N
ol
lst

äl
le
n

fe
ed

ba
ck

Å
te
rk
op

pl
in
g

ny
qu

is
t

N
yq

ui
st
di
ag
ra
m

bo
de

B
od

ed
ia
gr
am

bo
de

ma
g

B
od

ed
ia
gr
am

m
et
s
am

pl
itu

dk
ur
va

si
gm

a
G
en

er
al
ise

rin
g
av

bo
de

m
ag

ma
rg

in
B
od

ed
ia
gr
am

oc
h
st
ab

ili
te
ts
m
ar
gi
na

le
r

rl
oc

us
R
ot
or
t

ls
im

Si
m
ul
er
in
g
m
ed

go
dt
yc
kl
ig

in
sig

na
l

ac
ke

r
Po

lp
la
ce
ra
nd

e
til
lst

ån
ds
åt
er
ko
pp

lin
g

pl
ac

e
Po

lp
la
ce
ra
nd

e
til
lst

ån
ds
åt
er
ko
pp

lin
g

lq
r

Li
nj
är
kv
ad

ra
tis

k
til
lst

ån
ds
åt
er
ko
pp

lin
g

ct
rb

St
yr
ba

rh
et
sm

at
ris

ob
sv

O
bs
er
ve
rb
ar
he

ts
m
at
ris

lt
iv

ie
w

St
ar
ta
r
LT

I
V
ie
w
er

pz
ma

p
Po

l-n
ol
lst

äl
le
di
ag
ra
m

mi
nr

ea
l

Fö
rk
or
tn
in
g
av

ge
m
en

sa
m
m
a
fa
kt
or
er

si
so

to
ol

G
ra
fis
kt

gr
än

ss
ni
tt

11
.2

A
nv

än
db

ar
a

M
A

T
LA

B
-k

om
m

an
do

n

ab
s

A
bs
ol
ut
be

lo
pp

ei
g

Eg
en
vä
rd
en

co
nv

Po
ly
no

m
m
ul
tip

lik
at
io
n

de
t

D
et
er
m
in
an

t
di

ag
D
ia
go
na

lm
at
ris

im
ag

Im
ag
in
är
de

l
in

v
M
at
ris

in
ve
rs

re
al

R
ea
ld
el

ro
ot

s
R
öt
te
r
til
lp

ol
yn

om
gr

id
N
ät

ifi
gu

re
r

ho
ld

Fr
ys
ni
ng

av
fig

ur
lo

gl
og

D
ia
gr
am

il
og
-lo

g
sk
al
a

pl
ot

D
ia
gr
am

il
in
jä
r
sk
al
a

cd
B
yt
e
av

bi
bl
io
te
k

di
r

Li
st
ni
ng

av
bi
bl
io
te
k

cl
ea

r
R
ad

er
in
g
av

va
ria

bl
er

oc
h
fu
nk

tio
ne

r
ia

rb
et
sm

in
ne

t
lo

ad
In
lä
sn
in
g
av

va
ria

bl
er

fr
ån

fil
sa

ve
La

gr
in
g
av

va
ria

bl
er

på
fil

wh
o

Li
st
ni
ng

av
va
ria

bl
er

ia
rb
et
sm

in
ne

t
he

lp
de

sk
St
ar
ta
r
H
T
M
L-
ba

se
ra
d
hj
äl
pf
un

kt
io
n

10


	Part_1_title
	exercises_rotated_2015
	Exercises
	1 Mathematics
	1.1
	1.2
	1.3
	1.4
	1.5
	1.6
	1.7
	1.8
	1.9
	1.10
	1.11
	1.12

	2 Dynamic Systems
	2.1
	2.2
	2.3
	2.4
	2.5
	2.6
	2.7
	2.8
	2.9
	2.10
	2.11
	2.12
	2.13
	2.14
	2.15

	3 Feedback Systems
	3.1
	3.2
	3.3
	3.4
	3.5
	3.6
	3.7
	3.8
	3.9
	3.10
	3.11
	3.12
	3.13
	3.14
	3.15
	3.16
	3.17
	3.18
	3.19
	3.20
	3.21
	3.22
	3.23
	3.24
	3.25
	3.26
	3.27
	3.28
	3.29
	3.30
	3.31
	3.32
	3.33
	3.34

	4 Frequency Description
	4.1
	4.2
	4.3
	4.4
	4.5
	4.6
	4.7
	4.8
	4.9
	4.10
	4.11
	4.12
	4.13

	5 Compensation
	5.1
	5.2
	5.3
	5.4
	5.5
	5.6
	5.7
	5.8
	5.9
	5.10
	5.11
	5.12
	5.13
	5.14
	5.15
	5.16
	5.17

	6 Sensitivity and Robustness
	6.1
	6.2
	6.3
	6.4
	6.5
	6.6
	6.7
	6.8
	6.9
	6.10
	6.11
	6.12
	6.13
	6.14
	6.15

	7 Special Controller Structures
	7.1
	7.2
	7.3
	7.4
	7.5

	8 State Space Description
	8.1
	8.2
	8.3
	8.4
	8.5
	8.6
	8.7
	8.8
	8.9
	8.10
	8.11
	8.12
	8.13
	8.14
	8.15
	8.16
	8.17

	9 State Feedback
	9.1
	9.2
	9.3
	9.4
	9.5
	9.6
	9.7
	9.8
	9.9
	9.10
	9.11
	9.12
	9.13
	9.14
	9.15
	9.16
	9.17
	9.18
	9.19

	11 Implementation
	11.1
	11.2
	11.3
	11.4
	11.5


	CST Intro
	1 Inledning
	2 System
	3 Poler och nollställen
	4 Återkoppling
	5 Nyquistdiagram
	6 Bodediagram
	7 Simulering
	7.1 Stegsvar
	7.2 Allmän insignal

	8 Rotort
	9 SISO Design Tool
	10 Tillståndsbeskrivning
	11 Sammanfattning av kommandon
	11.1 Användbara kommandon i Control System Toolbox
	11.2 Användbara MATLAB-kommandon






