Stabilization Example: Unstable Plant

B causal LTI plant:

P(S) _ 10 o has pale at 1

s—1

B ROC of P:
Im ROC is RHP
Singe System s
causal

Re System is not
BIBQ stabie
Since ROC does
not contain
imaginary 3xis

444:_9‘64444

B system is not BIBO stable
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Stabilization Example: Using Pole-Zero Cancellation

B system formed by series interconnection of plant and causal LTI
compensator:

B system function H of overall system:
o 0y _ 1 « has pote at ~|
H() =W)PG) = (it H(35) 5 o

Connecting sytiems

. iy Substitute mnltn:l,
in serres muitiplied .
B ROC of H: System Junttions given Wand P
Im ROC ts RHP sinece
’ System 15 Cousal

since RQC Contains

‘ Re  system (s BIBO stoble
im2ginary KIS

B overall system is BIBO stable
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Stabilization Example: Using Feedback (1)

B feedback system (with causal LTI compensator and sensor):

WH%J

P(s) = %, () B, QO(s)=

B system function H of feedback system: g,esiitute given €, P, 30d @ 3nd Simpiify

H(S) _ C(s)P(s) /_:\3 108
ul-ﬁ-C(S)P(S)Q(S) s—(1-10B) <— 154 gole
B ROC of H: we wiry chow 3t 1-rap
this shortly Im
3 RoC is RHP since
1—10p7 System is Causal

‘ Re

B feedback system is BIBO stable if and only if 1 — 10 < 0 or equivalently
B> 1
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Stabilization Example: Using Feedback (2)

R R(s)C(s) R(5) C(s) PLS)
X { / Y
C P
{Yts) Qls)
0

) / equatlion for adder

© R(s)=X(s)— Q(s)Y (s |
@ Y(s) =C(s)P(s)R(s)« “rron for oot

Iz from @

SubStituting formusa
()P(5)[X (5) m substbusiey |

N §

(S)P(S)X(S) — C(S)P<S)Q(W murtiply

)move teems containing

[14C(s)P(s)Q(s)]Y (5) = C(s)P(s)X (5)" Y totne iefe-hond siae

dnd factor
Y(S) — C(S)P(S) divide both sides by
X(S) 1+C(S)P(S)Q(s) X L1+Ce) P QU]

Yes) = xes) HLS)

H(s) =
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Stabilization Example: Using Feedback (3)

P(s) =%, C(s)=B, Qs)=1<""

‘/ cesult from previous Siide

1+ C(s)P(s)Q(s)/
Substitute given C,P,and Q

LB
B IOB ) maltiply by %

- s—1+10B
10[3 > rewrite to expticitly Shew pole

s— (1—10p)
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Remarks on Stabilization Via Pole-Zero Cancellation

B Pole-zero cancellation is not achievable in practice, and therefore it cannot
be used to stabilize real-world systems.
B The theoretical models used to represent real-world systems are only
approximations due to many factors, including the following:
o Determining the system function of a system involves measurement, which

always has some error.
o A system cannot be built with such precision that it will have exactly some

prescribed system function.
o The system function of most systems will vary at least slightly with changes
in the physical environment.
o Although a LTI model is used to represent a system, the likely reality is that
the system is not exactly LTI, which introduces error.
B Due to approximation error, the effective poles and zeros of the system
function will only be approximately where they are expected to be.
B Since pole-zero cancellation requires that a pole and zero be placed at
exactly the same location, any error will prevent this cancellation from
being achieved.
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