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Section:

Laboratory Exercise 10

MULTIRATE DIGITAL SIGNAL PROCESSING

10.1
BASIC SAMPLING RATE ALTERATION DEVICES

Project 10.1
Input-Output Relations in the Time-Domain

Answers:

Q10.1
The angular frequency in radians is -

The length of the sinusoidal sequence being generated is -

The up-sampling factor L is -
Q10.2
The up-sampling operation in Program P10_1 is being implemented as follows -

Q10.3
The input and the output plots generated by running Program P10_1 are shown below:



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


From these plots we conclude that  -

Q10.4
The input and the output plots generated by running Program P10_1 with the following values of the angular frequency and up-sampling factor are shown below.


(a) Angular frequency =


Up-sampling factor L =




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


(b) Angular frequency =


Up-sampling factor L =




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


(c) Angular frequency =


Up-sampling factor L =




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


(d) Angular frequency =


Up-sampling factor L =




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

Q10.5
The modified Program P10_1 with the input as a ramp sequence is given below:




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


The input and the output plots generated by running the modified Program P10_1 are shown below:



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


From these plots we conclude that  -

Q10.6
The angular frequency in radians is -

The length of the sinusoidal sequence being generated is -

The down-sampling factor M  is -
Q10.7
The down-sampling operation in Program P10_2 is being implemented as follows -

Q10.8
The input and the output plots generated by running Program P10_2 are shown below:

From these plots we conclude that  -




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

Q10.9
The input and the output plots generated by running Program P10_2 with the following values of the angular frequency and down-sampling factor are shown below.


(a) Angular frequency =


Down-sampling factor M  =




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


(b) Angular frequency =


Down-sampling factor M  =




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


(c) Angular frequency =


Down-sampling factor M  =




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


(d) Angular frequency =


Down-sampling factor M  =




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

Project 10.2
Input-Output Relations in the Frequency-Domain

Answers:

Q10.10
The length of the input sequence is  -

The magnitude spectrum is  -
Q10.11
The plots generated by running Program P10_3 are shown below



(a) Up-sampling factor L = 2:



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


(b) Up-sampling factor L = 3:




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


(c) Up-sampling factor L = 5:




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


From these plots we conclude that  -

Q10.12
The length of the input sequence is  -

The magnitude spectrum is  -
Q10.13
The plots generated by running Program P10_4 are shown below



(a) Down-sampling factor M  = 2:



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


(b) Down-sampling factor  M  = 3:




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


(c) Down-sampling factor M  = 5:




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


From these plots we conclude that  -


The minimum value of M for which aliasing occurs is -

10.2
DECIMATOR AND INTERPOLATOR DESIGN AND IMPLEMENTATION

Project 10.3
Decimator Design and Implementation

Answers:

Q10.14
The frequencies of the two sinusoidal components of the input sequence are  -

The length of the input sequence being generated is  -

Q10.15
The type and the order of the decimation filter are  -
Q10.16
The plots generated by running Program P10_5 for M  = 2 are shown below:



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


From these plots we observe that  -

Q10.17
The plots generated by running the modified Program P10_5 for the new input sequence and M  = 3 are shown below:



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


From these plots we observe that  -

Project 10.4
Interpolator Design and Implementation

Answers:

Q10.18
The frequencies of the two sinusoidal components of the input sequence are  -

The length of the input sequence being generated is  -

Q10.19
The type and the order of the interpolation filter are  -
Q10.20
The plots generated by running Program P10_6 for L = 2 are shown below:



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


From these plots we observe that  -

Q10.21
The plots generated by running the modified Program P10_6 for the new input sequence and L  = 3 are shown below:



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


From these plots we observe that  -

Project 10.5
Fractional-Rate Sampling Rate Alteration

Answers:

Q10.22
The frequencies of the two sinusoidal components of the input sequence are  -

The length of the input sequence being generated is  -
Q10.23
The type and the order of the band-limiting filter are  -
Q10.24
The plots generated by running Program P10_7 for L = 5 and M  = 3 are shown below:



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


From these plots we observe that  -

Q10.25
The plots generated by running the modified Program P10_7 for the new input sequence and L  = 3 and M  = 5 are shown below:



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


From these plots we observe that  - 
10.3
DESIGN OF FILTER BANKS

Project 10.6
Design of Uniform Analysis/Synthesis Filter Banks

Answers:

Q10.26
The type and order of the prototype lowpass filter in Program P10_8 are


Its specifications are


The number of channels in the filter bank are

Q10.27
The plots generated by running Program P10_8 are shown below:



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


From these plots we observe that  -

Q10.28
The plots generated by running the modified Program P10_8 are shown below:



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


From these plots we observe that  - 
10.4
DESIGN OF NYQUIST FILTERS

Project 10.7
Windowed Fourier Series Approach

Answers:

Q10.29
The value of L and the length of the L-th band FIR filter being designed by Program P10_9 are -

The type of window being used is -
Q10.30
The plots generated by running the Program P10_9 are shown below along with the filter coefficients:



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


From these plots we observe that  - 


From the filter coefficients we conclude that -

Q10.31
The modified Program P10_9 for L = _______ and a ___________ window is shown below:




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


The plots generated by running the modified Program P10_9 are shown below along with the filter coefficients:



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


From these plots we observe that  - 


From the filter coefficients we conclude that -
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