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Standard Feedback Control
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System Modelling
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Laplace Transform:

The (one-sided) Laplace transform of a function f(¢) is

) = LU@Y = [ feat
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Laplace Transform:

differential equation f,',.»=('>+tw)=b-zm un=o(r) »0)=0

Laplace transformation

algebraic equation
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Laplace Transform:

f() F(s) = L[f(t)]

fe) =1 F(s):% 5>0
() = eot F(s) = Fla) e
fH)=1t F(s) = S(Lll) 5>0

f(t) = sin(at) F(s) = 52;;‘12 $>0

£(t) = cos(at) F(s) = ﬁ >0

£(t) = sinh(at) F(s) = - e s> |a|
£(t) = cosh(at) F(s) = o s> |af
£(t) = treat F(s) = ﬁ s>a

F(t) = %% sin(bt) F(s) = m —

F(t) = e cos(bt) F(s) = % s>a

F(t) = €9t sinh(bt) F(s) = ﬁ s—a> b
£(t) = e cosh(bt) Fla)m 2 0) s—a> b

m linearity
L{a1fi + azfa} = a1 F1(s) + agFa(s)

m delay
L{f(t—7)} = e F(s)

L{/Otf(T)dT} = %F(s)

L {%} = sF(s) — f(0)

m integral formula

m derivative formula

m convolution
L{g = f} =G(s)  F(s)
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Laplace Transform:

Differential equation models
of physical systems

The Laplace Transform




Pade approximation for time-delay
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Final Value Theorem

If a final (finite) value f(t — o) exists, then 1tl_i)m fill = liH(l) sF(s).
o0 S—



Final Value Theorem

If a final (finite) vaIue@then 1tl_i)m i = lin(1) sF(s).
o0 S—




Transfer functions (LTI systems)

u(s) y(s)
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State space (LTI systems)

& = Az + Bu
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Transfer function — State space

1

Y (s) = (bas?® + bis + by) — : Uls
(s) = (b2 ! 0) s3 + ass? + ays + agp (5)
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Transfer function < State space

You can always use the formula Y (s) = (C(sI — A)"'B + D) U(s)

N

>4

However calculating (sI — A)_lcan be difficult when A has more than two dimensions.
In this case, the following canonical forms can sometimes be used:

Controllable Canonical Form:

o 1 0 0 ... 0
o 0 1 0 ... 0
T=| : Tl T ) : x+
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=A 7
y=bo b1 ... bui|z.
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S

Observable Canonical Form:
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Nonlinear systems and linearizations

T = f(z,u)
= h(z,u)
iA:z: = 8—f Ax + 8_f Au
dt ox ou "
N (=*.u*) R (=* l
—A —B
Y = on Ax on Au.




Today’s exercise session

You The Laplace Transform




