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Digitization

Continuous-time Feedback System

Continuous controller Plant
=F et ult
rit) 3 ® D(s) O G(s) o vt
Sensor
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Digitization

Discrete-time Feedback System

Digital controller Plant
(e Difference [#(kT) D/A and | #() 0 —
) equations hold e
Sampler e
T
A/D - R 1 le
r(kT), e(kT), u(kT), y(kT): sampled signals
T sample period #ET)

UT: sample rate (Hz)
A/D:  analog-to-digital converter
D/A:  digital-to-analog converter
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Z-Transform
Function f(kT) of time:
flk)=AkT) is the sampled version of f{¥), and k=0, 1, 2, 3, ... refer to the

discrete sample times #,=0, ¢,=7, ,=2T, t,=3T, ...

fin

Z{f(k)}=F(z)=kiiof(k)Z'k |~ b

“Differentiation” property:

2 k-1f=2"F(2)
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Z-Transform Table
L-Transform |Waveform Z-Transform
z
! 1(,T) =
s z-1
1 T Tz
s2 (Z _ 1)2
1 » z
E e kT z _e-aT
1 Tze™"
— -akT _te=s
(s+a)2 kTe (z—e'“r)z
Jij . zsin(,BT)
kT
s34 5 Sm(ﬁ ) z° —2cos(,BT)z+1
s Z(Z - cos(ﬁT))
) cos\BkT
s>+ p? ('B ) z? -2cos(,BT)z+1
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Z-Transform
Discrete-time System

Z Transform

(1+az+-ta, 2" +a,z"V(s)=(b, ++b,z" U (s)

T(z)=1) _

—m
b +--+b z

U(z) l+az+--+a, z"" +az"
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Relationship between s and z

Discrete-time System:

f)=e* :
S+a
Continuous-time System:
_ _-akT Z
fkT)=e —
z-e

The pole at s=-« in the s-domain corresponds to a pole at z=e"*’ in the z-domain:
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Relationship between s and z
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Relationship between s and z
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Re(z)
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