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Del diagrama de bloques:

ż = Aw + Bu

w = z + x0

y = Cw + Du

Como w = z + x0, se tiene que ż = ẇ y entonces:{
ẇ = Aw + Bu

y = Cw + Du

Definiendo x := w , y tomando z (t0) = 0, el
diagrama de bloques corresponde a{

ẋ = Ax + Bu

y = Cx + Du

con cond. inicial x (t0) = z (t0) + x0 = x0.

En ese caso,

z = x − x0

ż = ẋ

w = x
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Como


ẋ = Ax + Bu

x (t0) = x0

y = Cx + Du

y z = x − x0, se tiene


ż = A (z + x0) + Bu

z (t0) = 0

y = C (z + x0) + Du

o también: 

ż = Az +
[
A B

] [x0
u

]
z (t0) = 0

y = Cz +
[
C D

] [x0
u

]
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
ẋ = Ax + Bu

x (t0) = x0

y = Cx + Du

L−→

{
sX (s)− x0 = AX (s) + BU(s)

Y (s) = CX (s) + DU(s)

X (s) =
AX (s) + BU(s)

s
+

x0
s

(comparar con diag. de bloq.)

Despejando X (s) e Y (s):
X (s) = (sI− A)−1 x0 + (sI− A)−1 BU(s)

Y (s) = C (sI− A)−1 x0︸ ︷︷ ︸
Transf. de la resp. natural

+
[
C (sI− A)−1 B + D

]
U(s)︸ ︷︷ ︸

Transf. de la resp. forzada

Matriz de transferencia:

C (sI− A)−1 B + D
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Aplicando lo anterior a

ż = Az +
[
A B

] [x0
u

]
z (t0) = 0

y = Cz +
[
C D

] [x0
u

]
se tiene

Z (s) = (sI− A)−1
[
A B

] [ x0
s

U(s)

]

Y (s) =
[
C (sI− A)−1

[
A B

]
+
[
C D

]] [ x0
s

U(s)

]
Matriz de transferencia:

C (sI− A)−1
[
A B

]
+
[
C D

]
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Y (s) =
[
C (sI− A)−1

[
A B

]
+
[
C D

]] [ x0
s

U(s)

]
= C (sI− A)−1 A

x0
s

+ C
x0
s

+
[
C (sI− A)−1 B + D

]
U(s)

= C
[
(sI− A)−1 A + I

]
︸ ︷︷ ︸

∗

x0
s

+
[
C (sI− A)−1 B + D

]
U(s),

pero

∗ = (sI− A)−1 A + I = (sI− A)−1 (sI− A)
[
(sI− A)−1 A + I

]
= (sI− A)−1 [A + sI− A]

= (sI− A)−1 sI.

Entonces:

Y (s) = C (sI− A)−1 x0 +
[
C (sI− A)−1 B + D

]
U(s) X
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Z (s) = (sI− A)−1
[
A B

] [ x0
s

U(s)

]
= (sI− A)−1

(
A
x0
s

+ BU(s)
)

= (sI− A)−1 A
x0
s

+ (sI− A)−1 BU(s)

pero (sI− A)−1 A = (sI− A)−1 sI− I . Entonces:

Z (s) =
[
(sI− A)−1 x0 −

x0
s

]
+ (sI− A)−1 BU(s)

= (sI− A)−1 x0 + (sI− A)−1 BU(s)− x0
s

= X (s)− x0
s

X


