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Section:

Laboratory Exercise 9

ANALYSIS OF FINITE-WORDLENGTH EFFECTS

9.1
GENERATION AND QUANTIZATION OF BINARY NUMBERS

Project 9.1
Generation of Decimal Equivalent of Quantized Binary Numbers

Answers:

Q9.1
The basic idea behind the operation of the function a2dT is as follows -


The purpose of the command fix is -

The MATLAB program to convert an arbitrary decimal number into its quantized binary equivalent in sign-magnitude form employing the function a2dT and display it is given below:




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

Q9.2
The binary equivalent in sign-magnitude form with 6 bits for the fractional part are

(1)  5.374910 = 


(2) – 21.7823910 = 


(3)  0.7988910 = 

Q9.3
The binary equivalent in sign-magnitude form with 8 bits for the fractional part are

(1)  5.374910 = 


(2) – 21.7823910 = 


(3)  0.7988910 =

 Q9.4
The ones'-complement representations of the binary numbers of Question Q9.2 are


(1)  5.374910 = 


(2) – 21.7823910 = 


(3)  0.7988910 =


The ones'-complement representations of the binary numbers of Question Q9.3 are


(1)  5.374910 = 


(2) – 21.7823910 = 


(3)  0.7988910 =


The two's-complement representations of the binary numbers of Question Q9.2 are


(1)  5.374910 = 


(2) – 21.7823910 = 


(3)  0.7988910 =


The two's-complement representations of the binary numbers of Question Q9.3 are


(1)  5.374910 = 


(2) – 21.7823910 = 


(3)  0.7988910 =

Q9.5
The differences between the functions a2dT and a2dR are -

The rounding is being performed as follows -
9.2
COEFFICIENT QUANTIZATION EFFECTS

Project 9.2
Effect on the Frequency Response and Pole-Zero Locations

Answers:

Q9.6
The statement in Program P9_1 determining the IIR transfer function is -



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


The order of the transfer function is -

The type of the transfer function is -

The statements determining the decimal equivalents of the quantized binary representations of the transfer function coefficients are -



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


The number of bits for the fractional part is -
Q9.7
The plots generated by running Program P9_1 are shown below:



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


From these plots we conclude that -
Q9.8
The modified program P9_1 to investigate the coefficient quantization effects, with 5 bits for the fractional part, on an 8-th order elliptic highpass transfer function with a passband ripple of 0.1 dB, a minimum stopband attenuation of 70 dB, and a normalized cutoff frequency at 0.55 rad/sec is given below:



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


The plots generated by running Program P9_1 are shown below:



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


From these plots we conclude that -
Q9.9
The order of the transfer function generated by Program P9_2 is -

The type of the transfer function is -

The function of the command zp2sos is -

The statements determining the decimal equivalent of the quantized binary representations of the transfer function coefficients are -



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


The number of bits for the fractional part is -
Q9.10
The plots generated by running Program P9_2 are shown below:



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


From these plots we conclude that -
Q9.11
The modified program P9_2 to investigate the coefficient quantization effects, with 5 bits for the fractional part, on an 8-th order elliptic highpass transfer function with a passband ripple of 0.1 dB, a minimum stopband attenuation of 70 dB, and a normalized cutoff frequency at 0.55 rad/sec is given below:



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


The plots generated by running the modified Program P9_2 are shown below:



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


From these plots we conclude that -
Q9.12
The order of the transfer function generated by Program P9_3 is -

The type of the transfer function is -

The desired magnitude response specifications are

Q9.13
The plots generated by running Program P9_3 are shown below:



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


From these plots we conclude that -
Q9.14
The modified program P9_3 to investigate the coefficient quantization effects, with 4 bits for the fractional part, on an 25-th order equiripple highpass transfer function with stopband edges at 0 and 0.6, and passband edges at 0.65 and 1, is given below:



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


The plots generated by running the modified Program P9_3 are shown below:



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


From these plots we conclude that -
9.3
A/D CONVERSION NOISE ANALYSIS

Project 9.3
Evaluation of A/D Signal-to-Quantization Noise Ratio

Answer:

Q9.15
The MATLAB program to determine the signal-to-quantization noise ratio (SNRA/D) in the digital equivalent of an analog sample x[n] with zero-mean Gaussian distribution using a (b+1)-bit A/D converter (with one bit assigned for the sign) having a full-scale range RFS = K x is given below:



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


The SNRA/D computed using this program for the following values of b and for the following values of K: 4, 6, and 8 are given below -
Project 9.4
Computation of Output Noise Variance

Answers:

Q9.16
The MATLAB program using the function noisepwr1 to compute the output round-off noise variance of a 4-th order elliptic lowpass filter with a passband ripple of 0.5 dB, a minimum stopband attenuation of 50 dB, and a passband edge at 0.45 is given below:



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


The normalized output noise variance generated by running this program is -
Q9.17
The MATLAB program of Question Q9.16 was modified to compute the output round-off noise variance of a 6-th order Type 2 Chebyshev bandpass filter with stopband edges at 0.3 and 0.75, and a minimum stopband attenuation of 60 dB.  The normalized output noise variance generated by running the modified program is -

Q9.18
The MATLAB program of Question Q9.16 was modified to compute the output round-off noise variance of a causal IIR filter using the function noisepwr2.  The modified program is given below:



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


Using this program, the output round-off noise variance of the 4-th order elliptic lowpass filter of Question Q9.16 was recomputed.  Comparing the variance with that obtained in Question Q9.16 we conclude that -
 9.4
ANALYSIS OF ARITHMETIC ROUND-OFF ERRORS

Project 9.5
Cascade Form IIR Digital Filter Structure

Answers:

Q9.19
The MATLAB program to determine the numerator and denominator polynomial coefficients of the second-order sections in the cascade realization of an IIR transfer function is given below:



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

Q9.20
The multiplier coefficient values in the cascade realization of the transfer function of Question Q9.19 obtained by running the program of Question Q9.19 are as follows -


b1(1) =



b1(2) =



b1(3) = 


b2(1) =



b2(2) =



b2(3) = 


a1(1) =



a1(2) =

a2(1) =



a2(2) =
Q9.21
The L2-norm of y1[n] with x1[n] set as unit impulse sequence is -

With k1 set equal to the L2-norm of y1[n], the new value of the L2-norm of y1[n] is -

The L2-norm of y2[n] with x1[n] set as unit impulse sequence is -

With k2 set equal to the L2-norm of y2[n], the new value of the L2-norm of y2[n] is -

The L2-norm of y3[n] with x1[n] set as unit impulse sequence is -

With k3 set equal to the L2-norm of y3[n], the new value of the L2-norm of y3[n] is -

Q9.22
If all products are assumed to be quantized before addition, then the total number of noise sources entering the adder with output y1[n] is -            

The total number of noise sources entering the adder with output y2[n] is  -

The total number of noise sources entering the adder with output y3[n] is -

Q9.23
Replacing the statement "x1 = 1/k1;" in the modified Program P9.4 with the statement "x1 = 1;" and running this program we get the output noise variance due to a single noise source feeding the adder with output y1[n] as -

Replacing the statement "x1 = 1;" in the modified Program P9.4 with the statement "x2 = 1;", replacing  the statement "x1 = 0;" in the modified Program P9.4 with the statement "x2 = 0;", and running this program we get the output noise variance due to a single noise source feeding the adder with output y2[n] as -

The value of the total output noise variance if all products are quantized before additions is -

The value of the total output noise variance if all products are quantized after additions is -

Q9.24
The structure of Figure 9.7 with Sections 1 and 2 interchanged is shown below: 


The original Program P9_4, modified simulating the new structure, is shown below:



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


This program was run with appropriate changes in the statements to determine the scaling constants and scale the new structure.  Next, the modified program was rerun with appropriate changes in the statements to determine the output noise variances due to a single noise source at each adder.  The modified program is shown below:



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


The value of the total output noise variance if all products are quantized before additions is -

The value of the total output noise variance if all products are quantized after additions is -


The structure having the lowest output noise variance if all products are quantized before additions is -


The structure having the lowest output noise variance if all products are quantized after additions is -

 9.5
LOW-SENSITIVITY DIGITAL FILTERS

Project 9.6
Low Passband Sensitivity IIR Digital Filters

Answer:

Q9.25
The MATLAB program to design an odd-order elliptic lowpass transfer function with specifications given in Question Q9.25 is given below:



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


The pole-zero plot of this transfer function obtained using the function zplane is shown below:



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


Making use of the pole-interlacing property, from this plot and the exact pole locations we arrive at the transfer functions of the two allpass filters as given below:


A0(z) =

A1(z) = 


The number of multipliers required in this realization are - 


The MATLAB program to evaluate the gain responses of the parallel allpass realization with unquantized and quantized multiplier coefficients (assuming sign-magnitude binary representation with 6 bits for fractional part) is given 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 parallel allpass structure does ______ exhibit low passband sensitivity.

Project 9.7
Low Passband Sensitivity FIR Digital Filters

Answers:

Q9.26
The MATLAB program to design and plot the magnitude responses of a bounded-real  linear-phase FIR filter with specifications as given in Question Q9.26 and with unquantized and quantized coefficients is given below:



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


The plots generated by running this program are given below:



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


From these plots we conclude that a direct form implementation of the FIR filter exhibits ______ passband sensitivity.

Q9.27
The transfer function of the delay-complementary filter G(z) of H(z) developed in Question Q9.26 is given below:

The factors Ga(z) and Gb(z) of G(z) are:

The MATLAB program to generate the magnitude responses of the filter that is delay-complementary to Ga(z)Gb(z) with unquantized and quantized coefficients is given below:



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


The plots generated by running this program are given below:



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


From these plots we conclude that the delay-complementary structure for the realization of  FIR filter exhibits ______ passband sensitivity.

 9.6
LIMIT CYCLES

Project 9.8
Granular Limit Cycle Generation

Answer:

Q9.28
The purpose of the function a2dR is -

The number of bits assigned to the fractional part is


The plots generated by running Program P9_5 for  = – 0.55 and  = 0.55 are shown below:



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


From these plots we observe that the structure simulated in Program P9_5 does  ______  exhibit zero-input granular limit cycle.

Project 9.9
Overflow Limit Cycle Generation

Answers:

Q9.29
The number of bits assigned to the fractional part is


The plots generated by running Program P9_6 for 1 = – 0.875 and 2 = 0.875 are shown below:



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


From these plots we observe that the structure simulated in Program P9_6 does  ______  exhibit overflow limit cycle.


The difference between this limit cycle and that generated in Question Q9.28 is -
Q9.30
The overflow limit cycles generated with the following number of bits for the fractional part  -

are shown below.




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


From these plots we conclude that  -
Q9.31
The overflow limit cycle generated with the following values for the filter coefficients 1 = _________ and 2 = ____________

is shown below.




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


From this plot we conclude that  -

Q9.32
Program P9_6 was modified by replacing a2dR with a2dT and run.  The plot generated by the modified program is shown below.




< Insert MATLAB figure(s) here.  Copy from figure window(s) and paste. >
From the plot, we conclude that  -
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