ECE4703 Midterm Exam

Your Name: SoLyutioN Your box #:

November 19, 2009

Tips:

e Look over all of the questions before starting,

¢ Budget your time to allow yourself enough time to work on each question.
e Write neatly and show your work!

e This exam is worth a total of 200 points.

e Attach your “cheat sheet” to the exam when you hand it in.

problem1  problem2 problem3  problem4 problem5  total midterm exam score

30 points 30 points 50 points 50 points 40 points 200 points




1. 30 points total.

(a) 15 points. Suppose we convert an analog signal z;(t) from continuous-time to discrete-
time by sampling at frequency f, and then convert this signal back to continuous-time
using an ideal reconstruction filter, i.e.,

. ) . .
xl(t) ideal sample at fs :L‘[k] ideal reconstruction xg(t).

Is it possible for z5(¢) to be equal to z, (t)? If not, why not? If it is possible, then under
what conditions?
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(b) 15 points. Suppose we now convert an analog signal from continuous-time to discrete-
time by sampling at frequency fs. then from continuous-valued to discrete-valued using
an n-bit quantizer, and then finally back to continuous-time using an ideal reconstruction
filter, i.e.,

-771 ( t) ideal san_lgle at f, :L'[k] ideal n-biquantize z [k] ideal reoo_n)struction zo ( t).

Is it possible for za(t) to be equal to z1(t)? If not, why not? If it is possible, then under

what conditions?
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2. 30 points. After graduating from WPL, your considerable expertise in real-time DSP lands
you a job at a company that produces two-way, battery powered, handheld digital radios for
police and fire department use. These radios are currently built with all-analog electronics
but your company wants to develop new DSP-based design. Do you recommend going with
a fixed-point or floating-point DSP? Does your recommendation have any disadvantages?
Explain your answer.
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3. 50 points total. Suppose you have a C program that adds up N 16-bit signed integers and
stores the result in a 32-bit signed integer. Your code looks like this:

#define N (something)

short a[N];
int b = 0;
int n;
//
// some code in here sets all the values of a
//
for (n=0;n<N;n++)
b += a[n];

(a) 20 points. What is the largest value that N can be such that you can guarantee there
will be no overflow?
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(b) 30 points. Suppese N = 100000. Show that overflow could occur in this case and fix
the code (without changing N) to avoid overflow while maintaining maximum precision.
Explain your answer.
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4. 50 points total. You are given the following infinite-precision FIR filter coefficients.
b = [1.234 7.654 - ]

(a) 20 points. Suppose you are required to store these filter coefficients in a signed 8-bit
fixed-point data type. Determine the optimum number of fractional bits to use in your
fixed-point representation of the filter coefficients. Show your reasoning.
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(b) 30 points. Using your fractional bit specification from part (a), fill out the following
table. Use the symbol A to show the binary decimal point.

Coefficient Value | Quantized Value (decimal) | Quantized value (binary) | Quantization Error
1.234 .25 D00Ip01 00 0.01¢4
7.654 .25 Olllalolo 0,029
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5. 40 points total. In Laboratory Assignment 3, you saw that quantizing the filter coefficients
of your DF-II single-section IIR filter led to either an unstable filter or a filter with poor
frequency response with respect to your original floating point IIR filter. You also saw that
quantizing the filter coefficients of your DF-II second-order-sections IIR filter (with the same
number of bits for the quantized coefficients as the single-section filter) led to a much more
accurate frequency response. Explain why fixed-point DF-II second-order-sections IIR filters
tend to give more accurate results than fixed-point DF-II single-section IIR filters. Feel free
to use a numerical example to make your arguments clear.
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