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Z-transform and Inverse Z-transform           Analysis
Objective:    To study the Z-transform and Inverse Z-transform practically using MATLAB.

Tool Used: MATLAB

Description:

[image: image10.emf]Just as the Fourier transform forms the basis of signal analysis, the z-transform forms the basis of system analysis. If x[n] is a discrete signal, its z-transform X(z) is given by:.

The Z-transform, like many other integral transforms, can be defined as either a one-sided or two-sided transform.

 Bilateral Z-transform

The bilateral or two-sided Z-transform of a discrete-time signal x[n] is the function X(z) defined as


.

Unilateral Z-transform

Alternatively, in cases where x[n] is defined only for n ≥ 0, the single-sided or unilateral Z-transform is defined as
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In signal processing, this definition is used when the signal is causal. The z-transform maps a signal in the time domain to a power series in the complex (frequency) domain: x[n] → X(z).
Since the response y[n] of an LTI system to input x[n] is given by the convolution x[n] * h[n], where h[n] is the impulse response, we have
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The ratio H(z) = Y (z)/X(z) defines the impulse response (and so the system response), and is called the transfer function of the system.

 Convolution property

a. If X1(Z) = 2 + 3z-1 + 4z-2 and X2(z) = 3 + 4z-1 + 5z-2 + 6z-3. Determine X3(z) = X1(z) X2(z).

clear all, close all

x1 = [2,3,4];

 x2 = [3 4 5 6];

x3 = conv(x1,x2)

x3 = 6 17 34 43 38 24

Hence,
X3(z) = 6 + 17z-1 + 34z-2 + 43z-3 + 38z-4 + 24z-5

b. If we are given X3(z) and want to compute X2(z) then we need to divide X3(z) by X1(Z).

In MATLAB this can be done using deconv function.

x3 = [ 6 17 34 43 38 24];

x1 = [2,3,4];

x2 = deconv (x3,x1)

x2 =

3 4 5 6

Hence,

X2(z) = 3 + 4z-1 + 5z-2 + 6z-3

 Zero and pole analysis in MATLAB

If the numerator and denominator of the proper form of a transfer function are factored, the zeros and poles become apparent:
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The location of the zeros and poles of the transfer function determines the response of an LTI system.

Rational Z-transform to partial fraction form:
This technique is usually used, while taking the inverse Z-transform and when the order ‘H(z)’ is high so that it is quite difficult to solve it mathematically.

Example:


Consider the transfer function in the rational form i-e;

                                                            18z3

 


     G(z)= ------------------

                                                   18z3+3z2-4z-1

We can evaluate the partial fraction form of the above system using matlab command. The partial fraction form be,

G(z)=    0.36__  +  __0.24__    +    _0.4____
             1 – 0.5z-1
1+0.33 z-1
 (1+0.33 z-1)

Matlab command that converts rational z-transform in to partial fraction form is

‘residuez’.
[z,p,k] = residuez(b,a)
Partial fraction form to Z-transform:

                     This technique is used when it is required to convert partial fraction expression in to rational Z-transform.

Example:
 Take the partial fraction form of above ,

The partial fraction form be,

G(z)=    0.36__  +  __0.24__    +    _0.4____
             1 – 0.5z-1
1+0.33 z-1
 (1+0.33 z-1)
Matlab command that converts partial fraction form into rational z-transform is

‘residuez’
[b,a] = residuez(z,p,k)
Rational Z-transform to factored Z-transform:

Example: 
 Let the given transfer function be in the rational form,

             2z4+16z3+44z2+56z+32

G(z)=  -------------------------------- 

        3z4+3z3-15z2+18z-12

 It is required to convert it into factored form, so that we can find the poles and zeros mathematically by applying quadratic equation.

Matlab command required for converting rational form to factored form be

‘Zp2sos’

   The factored form of G(z) as evaluated by ‘zp2sos’ be,
G(z)=( 0.6667 + 0.4z-1 + 0.5333 z-2) (1.000 + 2.000 z-1  +2.000 z-2)

     (1.000 + 2.000z-1 -4.000z-2 )(1.000  - 1.000 z-1 + 1.000 z-2)

 Zplane:
   Zero-pole plot

zplane(b,a)

  This function displays the poles and zeros of discrete-time systems.

MATLAB:

syms z n

a=ztrans(1/16^n)

Inverse Z-Transform:
MATLAB:
syms Z n

iztrans(3*Z/(Z+1))
Pole Zero Diagrams For A Function In Z Domain:
Z plane command computes and display the pole-zero diagram of Z function.

The Command is

Zplane(b,a)

To display the pole value, use root(a)

To display the zero value, use root(b)
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Matlab Code:
b=[0 1 1 ]

a= [1 -2 +3]

roots(a)

roots(b)
zplane(b,a);

ans =

1.0000 + 1.4142i

1.0000 - 1.4142i

ans=

-1
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Frequency Response:

The Freqz function computes and display the frequency response of given Z- Transform

of the function

freqz(b,a,Fs)

b= Coeff. Of Numerator

a= Coeff. Of Denominator

Fs= Sampling Frequency

Matlab Code:
b=[2 5 9 5 3]

a= [5 45 2 1 1]

freqz(b,a);
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LAB TASK:
Task#1:  If X1(z) = 2 + 3z-1 + z-2 and X2(z) = 3 + 5z-1 + 4z-2 + 2z-2. Determine X3(z) =

X1(z) X2(z).
Task#2: Express the following z-transform in factored form, plot its poles and zeros, and then determine its ROCs.

             2z4+16z3+44z2+56z+32

G(z)=  -------------------------------- 

        3z4+3z3-15z2+18z-12

Task#3: Determine the partial fraction expansion of the z-transform G(z) given by

          18z3

 


  1)   G(z)= ------------------

                                                   18z3+3z2-4z-1
[image: image7.emf]
Task#4: Determine the rational z-transform from its zero and pole locations. The zeros are at z1=0.21, z2=3.14, z3=-0.3+j0.5, z4=-0.3-j0.5; the poles are at p1=-0.45, p2=0.67, p3=0.81+j0.72, p4=0.81-j0.72; and the gain constant k is2.2.

Task#5 : Determine the first 11 coefficients of the inverse z-transform of  the given equation H(z) using impz function,

1+2.0z-1
H(z)=------------------------

1+0.4z-1-0.12z-2
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