Master 1: STLC

Practice #1: Z transform and inver se Z transfor m

1. Purposes of the TP:
» Calculation the Z and IZ transforms using Matlades
» Calculation the poles/zeros of transfer functiosisig Matlab codes.
e Calculation the frequency response (magnitude &adeg) of a discrete system.

* Results observations.

2. Overview of ZT and I1ZT:

The Z transform (ZT) is a mathematical tool usedrfumerical signals and systems
analysis. Particularly, it is used in signal prateg domain to design IIR and FIR filters and
in automatic domain to model dynamic discrete systeThe ZT is basically obtained from
Laplace transform by approximating its integral.eTAT of a causal discrete signal or a

specific sequence(n) forn=0, ..., +oo is given by
X(2) =Y x(n)z™" (1)
0
Generally, the inverse ZT is calculated based om fioethods; Table method, partial-
fraction expansion method, power series method li@an or polynomial division) and

residues method. Concerning the last method thadZT

x(n) = 2—;§ X(Z)Z"dz

2)
= Y Resz"X@)}.,
Z,=pdlesdez™X(2)
The residue associated to a poke aof orderq of the functionZ "X (Z )is:
q-1
Rest =lim—~ 9 [x@2)z"(z-a)7] 3)

z-a(q-1)! dz*™*

4. Manipulations:
In this part, we will use the Matlab functions ftire calculation of ZI of some
sequences, the IZT of some functions, the polesszef the transfer functions and finally

their frequency responses (magnitude and phase).



Manip # 1. Calculation of ZT of x(n)
- Determine the ZT of the following sequences usimg Matlab codes « syms » and

« ztrans ».

x(n) =n
x(nN)=n+2
x(n)=n-3
x(n) = n?
X(n) = F

x(n) = 2(2)" + 4(1/2)"

%TZ:
syms z n;
ztrans(n),

Manip # 2 : Calculation thelZT of X(2)
- Calculate the IZT of the following functions usitige Matlab codes « syms » and

« iztrans ».

27
X(2) = ,
(2 2z-1
X(2) = 1-013z
(z=-1(z- 013
6-9z7"
X(2) =
(2 1-252t+272
%TZI:
syms z n;

iztrans(2*z/(2*z-1)),
- Calculate the partial-fraction &(2):

1+2z + 27
-21+0.35€272

The Matlab function « residuez » is used to find tloefficients and poles of partial-fraction

X(z):1

of the functionX(z) given by

b, +bzt+..+b z™" r r ;
=D *hy =0 4+t +k,z otk

= Z—(m—n)
_1 - _1 -
a,taz +..+ta,z" 1-pz 1-p,z

X(2)

m-n+1

for n<m, the coefficients; are null. Otherwise, the coefficients number deisean the

index,m-n+1.



The corresponding Matlab code is given by :

>> [r,p,k] = residuez(b,a);

>> [r,p,K] = residuez([1,2,1],[1,-1,0.3561])

Manip # 3 : Calculation the poles/zer os, magnitude and phase of X(2)
- Sketch the diagram of poles/zeros of the follapiransfer function (TF) i& plan using the

Matlab code «zplane» :

_ 1-1618'+2z7
X(2) = -1 -2
1-1.5161z7 +0.87z

%P0les et zéros:

b=[1- 1.618 1] ;
a=[1- 1.5161 0.878] ;
roots(a),

roots(b),

zplane(b,a),

- Sketch the magnitude and phas&@@ by a substitution of z =&

b=[1- 1.618 1] ;
a=[1- 1.5161 0.878] ;
freqz(b,a)



