State-Space Design

Continuous-Time System



Full-State Feedback
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Full-State Feedback
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Control Canonical Form
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Control Canonical Form
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Ackermann’s formula

K=[0 - 0 1M e (A)
M.=|B AB A’B .- A"'B]

a (A)=A"+a, A"+ +a A+l



Example

SHEK
y=[1 0]x

aC(S):(S+2)2 =5°+4s+4=0

G AR | S
“ﬂ_ol cﬂH—ol clj“{—ol cﬂ“{cl) (1)H—34 ﬂ



Example

-1
0 1 3 4
=[3 4] U=—(3x +4x,)
1 0| |4 3
2
s T
'E' O — T __—-g===x
3 s“‘- ---------
-1
) -
0 0.5 1 1.5 2 2.5 3 3.5 4
Time(sec)
5
O e
:
‘g -5
O
-10
-15 :
0 0.5 1 1.5 2 2.5 3 3.5 4

Time(sec)



Example

a, () :(s+4)2 =5°+8s+16=0

u=—(15x,+8x, )

2

1
5 Xy
o -ln‘ 'v"'

x-‘f'xz
) .
0 0.5 1 1.5 2 2.5 3 3.5 4
Time(sec)
5
FR

0.5 1 1.5 2

Time(sec)

2.5 3 3.5 4



Full-State Feedback

= Non-zero reference input

u=r,— KX
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Full-State Feedback

= Non-zero reference input
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Full-State Feedback

= Non-zero reference input
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Example: Non-zero reference input
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Example: Non-zero reference input
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Example: Non-zero reference input

= System Type 2

Y(s) Y(s)
R(S) Ry(S)
D (s) =11s+100

D, (s)-1 11s+100
DF(S): 2 — 2
s“+11s+100 s“+11s+100

u(t) =100r +11r —(100x, +10x, )

¥

—» 11s+100




Example: Non-zero reference input
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State Estimator
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State Estimator
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Estimator-Based Controller

= Zero reference input: regulator
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Estimator-Based Controller

= Closed-loop system
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Estimator-Based Controller

= Non-zero

reference input (15t Method)
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Estimator-Based Controller

= Non-zero reference input(2"d method)
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Estimator-Based Controller

= Closed-loop system
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Estimator-Based Controller

= Closed-loop system
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