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Ideal sampler

s Assumptions :

» Sampling operation is uniform : only one
sampling rate exists in the system

» All samplers in the system are
synchronized and have the same sampling
frequency.

i Ideal sampler

» Consider a fictitious sampler : an
impulse sampler.

s The output is a train of impulses that
begins with t=0 with the sampling
period =T and the strength of each
impulse = the sample value of the
continuous-time signal.
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$ Ideal Samp|er Impulse amplitude=infinity,

the area under the curve
equals to the amplitude of
input signal.

T

x(1) ‘ /_\ x*m[) _’“|'_

! t
) A X

Sampler

* Unit impulse

» When a mathematician talks about an
unit impulse, it is a mathematical
function which has infinite amplitude
but unit area (strength).

(1)
| Amplitude=inf : ‘ < |Area under this curve = 1

0 t

i Impulse

s TO say that the impulse has area
(strength) other than unit area, we use:

ad (1)

Area under the impulse = al

i Impulse

= When we want the impulse to occur at
time other than zero, we use: 5(r—T)
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* Impulse

= Note that the impulse has symmetry
property: 8(1)=45(-t)

= Another important property of impulse is

1) ast,<b
0 t, 1s outside [a,b]

b
)

| rasa-1,)ar ={

$ Impulse train

= To have impulses occur at regular time
interval, we use

o, = i(?(! —kT)
=0

b

0 T 2T 3T 4T 5T 6T 7T t

i Ideal sampler

= Coming back to the ideal sampler:

{ E i x(1) 7< (1)
Sampler

x ()= ix(kT)?(t —kT)

Impulse train at regular interval |

Strength=amplitude of x(#) at time kT’ |

i Ideal sampler

= We may call this ideal sampling process
the impulse modulation.

carriery , wt
0 |
d—mb
Modulating

signal outBut
g modulator

‘ x(1) x(t)
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i Ideal sampler

» Note that, the sampled signal x*#) is
still continuous-time signal.

x () =x(0)80)+x(D)S(t -T) +x +x(kDS(t —kT) +x

* Ideal sampler

= Next, consider the Laplace transform of

the sampled signal.

X (s)=t [x* (I)]

=x(O) [SO)]+x(Th [8¢—D)]+x +x(kT [S¢—kT)]+x

=x(0)+x(De ” +x +x(kDe™ +x
— i x( k kTS
k=0

* Ideal sampler

= Note that the Laplace transform of the
sampled signal is very similar to the
z-transform.

X'(s)= ix(kT)e’m
4

k=0

Ts
e =2z

1
s=—Inz
T

i Ideal sampler

= We get

s

X' (s)=

k

Il
(=]

x(kTYz"F

M

X (g)| NE TR
T

k

Il
(=]

x(kTe™

8

X (2) = Z[x(0)] = 3 iy =~ [ Re-definition
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i Data-hold circuit

s Data-hold is a process of generating a
continuous-time output signal /() from
a discrete-time sequence x(kT).

Discrete-time
output
——— > Data-hold s

l x(k]i lh(f) [I]

21

i Data-hold circuit

= The signal h(t) during the time interval

kT?t2(k+1)T may be approximated by a
polynomial as

hkT+7)=at"+a, 7" +k +a7+a,

s Where 0<7<T —

i

= ol lss G 31 () diwgn — oy JUSw S (3059 Sez e wl
o () Jiw Sloy abold ;3 .l X(hT) v
10 el pige 4 cens g sl ales Wiz SO lyd

h(kT + 1) = a, ™" + ap_1 " 1+... +a47 + a,
h(kT) = x(kT) ol

h(kT + 1) = a, " + a1 +... +a, 7 + x(kT)

23
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x(kT),...,x((k =n+ 1)T),x((k —n)T)

N1 — i
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h(kT + 7) = x(kT)

i Data-hold circuit

= The polynomial nth-order
|h(kT +7)=a" +a, 0" +x +ar+ x(kT)l

*
[A(kT + 1) = (k1|

0t order

26

* Data-hold circuit

= And call 1%t order hold circuit
|h(kT +0)=a," +a, 7" +K +ar+ x(kT)l

A
|h(kT +1)=ar+x(kT )|

(

v

27

i Data-hold circuit

=« Or 27 order hold circuit
|h(kT +t)=ar +a 7" +K +tagr+ x(kT)l

4
(kT +7) = a,7* + a7+ x(kT)

2" order

v

28
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i Data-hold circuit

= We will use the simplest Zero-Order
hold circuit (ZOH).
[A(KT +7) = x(kT)|

x(t) 7< lUA

- jw
Samplgr

i Z7OH

= We will now look at the transfer
function of the ZOH.

s Test the ZOH by applying to input the
impulse function ?(t) which has the
Laplace transform of

L {(S(l)} =1

30

i ZOH
» The output is
1 - h(t)

0 t 0T
(1) -1(-T)

31

* ZOH

= Taking the Laplace transform of the
output signal

32
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ZOH
= The transfer function of the ZOH is

L1 -1¢-1)) 1-e7

ZOH (s) = =

L {5(t)} s

33

* Example Ogata Ex 3-3

» Finding the z-transform of
1-e" 1

X(s)=
s s+l

e 1

N |
X(d)_z{ s 3+1f

34

Example Ogata Ex 3-3
— 1_ J_&T

X(z)=7

$ Example Ogata Ex 3-3

X()=Z {Gl(s) —e'STGl(s)}
=Z{G(s)} - z{e*ﬂ"G1 (.5‘)}

In time-domain

=Z{g1(f) _Z{gl(f_T)}

(&1 ——
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i Example Ogata Ex 3-3
X(z)=(1-z"G(2)

ez
-0

:(1—3-1)2{1— L |

s (s+ l)f

i Example Ogata Ex 3-3
1

X(2)= (l—zl)( -

1-z7" l1-e'z
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