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Laboratory Exercise 8

DIGITAL FILTER IMPLEMENTATION

8.1
SIMULATION OF IIR FILTERS

Project 8.1
Structure Simulation and Verification

Answers:

Q8.1
The type of IIR filter being designed by Program P8_1 is -

Its specifications are -

The order of the filter is -

The total number of impulse response samples being computed are -

The data generated by running Program P8_1 are -

From the above results we conclude that the simulation is _________  correct.

Q8.2
The modified Program P8_1 for the simulation of an IIR filter in Direct Form II is shown below:




< Insert program code here.  Copy from m-file(s) and paste. >

The data generated by running modified Program P8_1 are -

From the above results we conclude that the simulation is _________  correct.

Q8.3
The factored form of the transfer function generated by Program P8_1 is given below:

The MATLAB program for the simulation of the cascade realization based on the above factored form with each section implemented in Direct Form II is given below:




< Insert program code here.  Copy from m-file(s) and paste. >


Using strucver, from the impulse response of the simulated cascade form we observe that the simulation is __________ correct.

Q8.4
The MATLAB program of Question Q8.3, modified for the simulation of the cascade realization with each section in the cascade in reverse order, is given below:



< Insert program code here.  Copy from m-file(s) and paste. >


Using strucver, from the impulse response of the simulated cascade form we observe that the simulation is _________ correct.

Q8.5
The two different partial-fraction expansions of the transfer function  generated by Program P8_1 obtained using Program P6_2 are given below:

The MATLAB program for the simulation of the Parallel Form I realization based on the partial-fraction expansion in z–1 with each section implemented in Direct Form II is given below:



< Insert program code here.  Copy from m-file(s) and paste. >


Using strucver, from the impulse response of the simulated cascade form we observe that the simulation is _________ correct.

Q8.6
The MATLAB program for the simulation of the Parallel Form II realization based on the partial-fraction expansion in z with each section implemented in Direct Form II is given below:



< Insert program code here.  Copy from m-file(s) and paste. >


Using strucver, from the impulse response of the simulated cascade form we observe that the simulation is _________ correct.

Q8.7
The data generated by running Program P8_2 are -

From the above results we conclude that the simulation is _________  correct.

Q8.8
The transfer function of the elliptic lowpass filter meeting the specifications of Question Q8.8 and generated using MATLAB is as given below:

The Gray-Markel cascaded lattice realization of the above transfer function obtained using Program P6_4 is shown below:

The modified Program P8_2 for the simulation of the above cascaded lattice realization is given below:



< Insert program code here.  Copy from m-file(s) and paste. >


The data generated by running modified Program P8_2 are -

From the above results we conclude that the simulation is _________  correct.

Project 8.2
Illustration of Filtering

Answers:

Q8.9
The type of filter being designed by Program P8_3 is -

Its specifications are -

The order of the filter is -

The frequencies of the sinusoidal; sequences forming the input are -

Q8.10
The plots generated by running Program P8_3 are shown below:



< Insert MATLAB figure(s) here.  Copy from figure window(s) and paste. >


The component of the input appearing at the output of the filter is -

The beginning of the output sequence not being a perfect sinusoid is due to -

The modified Program P8_3 for filtering out the sequence x2[n] only is as indicated below:




< Insert program code here.  Copy from m-file(s) and paste. >


The plot generated by running the modified Program P8_3 is shown below:



< Insert MATLAB figure(s) here.  Copy from figure window(s) and paste. >


From the above plot we conclude that the output is -

Q8.11
The modified Program P8_3 to filter the input by a direct realization of the transfer function by a single higher-order section and by a cascaded realization and plotting the two outputs is given below:



< Insert program code here.  Copy from m-file(s) and paste. >


The two output plots generated by running the program are shown below:



< Insert MATLAB figure(s) here.  Copy from figure window(s) and paste. >


Comparing the plots we conclude that -

The exact expressions for the transfer functions of the two filter structures being simulated are as follows:

Q8.12
The modified Program P8_3 for the verification of the structures being simulated is given below:




< Insert program code here.  Copy from m-file(s) and paste. >


The data generated by running this modified program are


From the above results we conclude that the simulations are  _________  correct.

Q8.13
The modified Program P8_3 for filtering the input sequence in blocks of 5 samples is shown below:



< Insert program code here.  Copy from m-file(s) and paste. >


The plots generated by the modified program are given below:



< Insert MATLAB figure(s) here.  Copy from figure window(s) and paste. >


Comparing the above plots with those generated in Question Q8.11 we conclude that -

8.2
SIMULATION OF FIR DIGITAL FILTERS

Project 8.3
Structure Simulation and Verification

Answers:

Q8.14
The type of filter being designed by Program P8_4 is -

Its specifications are -

The order of the filter is -

The total number of impulse response samples being computed is -

The data generated by running Program P8_4 are as follows -

From the above results we conclude that the simulation is   _________  correct.

Q8.15
The modified Program P8_4 simulating the filter in Direct Form II is given below:



< Insert program code here.  Copy from m-file(s) and paste. >


The data generated by running the modified Program P8_4 are as follows -

From the above results we conclude that the simulation is   _________  correct.

Q8.16
A factored form of the transfer function generated in Program P8_4 is as follows:


The MATLAB program for the simulation of a cascade realization based on the above factored form with each individual section implemented in direct form II is given below:



< Insert program code here.  Copy from m-file(s) and paste. >


The data generated by running the above program are as follows -

From the above results we conclude that the simulation is   _________  correct.

Q8.17
The MATLAB program for the simulation of the cascade realization with the cascade in reverse order and with each individual section implemented in direct form II is given below:



< Insert program code here.  Copy from m-file(s) and paste. >


The data generated by running the above program are as follows -

From the above results we conclude that the simulation is   _________  correct.

Project 8.4
Illustration of Filtering

Answer:

Q8.18
The modified Program P8_3 for the simulation of an FIR filter implemented in direct form using the function direct2 is given below:



< Insert program code here.  Copy from m-file(s) and paste. >


This program was run simulating the FIR filter of Program P8_4 and the output plots generated for the demonstration of its filtering properties are shown below:



< Insert MATLAB figure(s) here.  Copy from figure window(s) and paste. >

8.3
DESIGN OF TUNABLE DIGITAL FILTERS

Project 8.5
Design of Tunable IIR Filter

Answers:

Q8.19
The type of nominal filter being designed by Program P8_5 is -

Its specifications are -

The order of the filter is -
Q8.20
The MATLAB program to design this nominal filter and displaying its pole locations is given below:



< Insert program code here.  Copy from m-file(s) and paste. >


From the pole plot and the pole locations we arrive at the transfer functions of the two allpass sections as -
Q8.21
The plots generated by running Program P8_5 are shown below:



< Insert MATLAB figure(s) here.  Copy from figure window(s) and paste. >


The cutoff frequencies of the filters being designed are -

Q8.22
The modified Program P8_5 to determine and plot the gain response of the power-complementary filter of each filter being designed in the original Program P8_5 is shown below:




< Insert program code here.  Copy from m-file(s) and paste. >

Project 8.6
Design of Tunable FIR Filter

Answers:

Q8.23
The type of nominal filter being designed by Program P8_6 is -

Its specifications are -

The order of the filter is -
Q8.24
The plots generated by running Program P8_6 are shown below:



< Insert MATLAB figure(s) here.  Copy from figure window(s) and paste. >


The cutoff frequencies of the filters being designed are -

Q8.25
The modified Program P8_6 to determine and plot the gain response of the delay-complementary filter of each filter being designed in the original Program P8_6 is shown below:




< Insert program code here.  Copy from m-file(s) and paste. >

8.4
DFT COMPUTATION

Project 8.7
Computational Complexity of Algorithms

Answer:

Q8.26
The MATLAB program to compute and display the N-point DFT of a length-N sequence


using direct Eq. (8.26) and the function fft, and evaluate the total number of floating point operations involved for both approaches is given below:



< Insert program code here.  Copy from m-file(s) and paste. >


Using this program we evaluated the DFTs of the following sequences of length 64, 128 and 256 -

The total numbers of floating operations involved in the direct DFT computation and that involved using the function fft are given below -

From the above results we conclude that the DFT computation using fft is ________ efficient than the direct computation.

8.5
FUNCTION APPROXIMATION

Project 8.8
Computation of Trigonometric and Other Functions

Answers:

Q8.27
The MATLAB program to compute and plot sin(x) as a function of x using the approximation of Eq. (8.31) along with a plot of the error due to the approximation is shown below:



< Insert program code here.  Copy from m-file(s) and paste. >


The plots generated by running this program are shown below:



< Insert MATLAB figure(s) here.  Copy from figure window(s) and paste. >


From these plots we conclude that the approximation error is -

Q8.28
The MATLAB program to compute and plot tan–1(x) as a function of x using the approximation of Eq. (8.32) along with a plot of the error due to the approximation is shown below:



< Insert program code here.  Copy from m-file(s) and paste. >


The plots generated by running this program are shown below:



< Insert MATLAB figure(s) here.  Copy from figure window(s) and paste. >


From these plots we conclude that the approximation error is -
Q8.29
The MATLAB program to compute and plot the errors due to the computation of

 using the approximation of Eq. (8.33) is shown below:



< Insert program code here.  Copy from m-file(s) and paste. >


The plot generated by running this program is shown below:



< Insert MATLAB figure(s) here.  Copy from figure window(s) and paste. >


From these plots we conclude that the approximation error is -
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