ECES503 Spring 2014 Quiz 9

Your Name: ECE Box Number:

Instructions: This quiz is worth a total of 100 points. The quiz is open book and open notes.
You may also use a calculator. You may not use a computer, phone, or tablet. Please show your
work on each problem and box/circle your final answers. Points may be deducted for a disorderly
presentation of your solution.

1. 30 points. Suppose you have a linear time invariant IIR filter with transfer function

0.6 —3.62"! +782"2-7.22"3 4242714

H(z) 1-222"1+3.07272 — 2.142273 + 0.95062~4

and you wish to implement this filter in direct form I with all filter coefficients stored as signed
6-bit fixed-point numbers. Determine the eptimum number of fractional bits for the numer-
ator and denominator coefficients (the answers may be different) to minimize the coefficient
quantization error.

2. 70 points. Suppose you wish to implement the transfer function

_1 + 21

H(z) = 1—az"!

with a and b both real, a # —b, and 0 < a < 1. You have two choices for implementation:

e direct form I (as shown in Fig. 6.14) or

o direct form II (as shown in Fig. 6.15).

It is assumed that the system is implemented with two’s-complement fixed-point arithmetic
and that all products (multiplications by one do not introduce noise) are immediately rounded
before any additions are performed. Under the usual product round-off noise assumptions
(each product round-off error is a zero-mean white process with variance 0% and is indepen-
dent of the other product round-off noises), denote f[n] as the total product round-off noise
at the output. Determine the conditions on a and b for which a direct form I implementation
will have less total round-off noise power a} at the output.
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