
DSP Design 2011:

Homework-1

Each student MUST solve ALL exercises individually!

1. Figure 1 shows a second order lattice filter. Transpose the filter by first
converting it into a DFG and redraw the transposed filter
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Figure 1: 2nd order lattice filter structure

2. Consider the 1st order IIR filter in Figure 2. Assume that e(n) is uniformly
distributed white noise and uncorrelated to all other signals.
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Figure 2: .

(a) Calculate the interval of the round-off error e(n) for both truncation
and ceiling.

(b) Determine mean value and variance of e(n) for both cases.

(c) Do the error distributions have any DC error? If so, what is it in
either cases?
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3. Use the comand fir1(7,0.1) in MATLAB to generate the coefficients
for an 8 tap FIR filter with cut-off frequency fc = 0.1.

(a) Quantize the coefficients to 6 bits using rounding.

(b) Quantize the coefficients to 6 bits using trunccation.

(c) What is the maximum error introduced in each of the above cases.

(d) Determine the number of bits required to have the quantization error,
qe ≤ 10−6 when rounding is performed.

PS: You are allowed to use MATLAB to solve the above questions.

4. Figure 3 shows a biquad IIR filter as a Direct Form-I (DF-I) and Direct
Form-II (DF-II) representation. Show that one could arrive the at the DF-
II from DF-I representation by setting up appropriate equations. What
is the advantage of DF-II over DF-I representation?

Figure 3: .

5. A sequential system is operated at a supply voltage of 3.3V and the
threshold voltage of the CMOS process VT = 0.3V .

(a) Calculate the power reduction ratio of a computation if its critical
path is reduced to 70% of the original path after pipelining, but
operated at the same clock period as the sequential system.

(b) The sequential system is now block processed with a block size of 3
instead of pipelining. Calculate the power reduction in this case.

(c) Determine the new value of the supply voltages in both the above
cases.

6. Consider the filter shown in Figure 4. Each multiplier takes 3 t.u, and
addition takes 1 t.u.

(a) Determine the critical path of the filter

(b) Calculate the iteration bound T∞?

7. Figure 1 shows a second order lattice filter. The time taken by the multi-
plier is Tmult = 5 t.u and that of adder is Tadd = 1 t.u. Perform retiming
and/or pipelining so that the new critical path Tcrit = Tmult.



Figure 4: .

8. Consider an FIR filter is given as

y(n) = a · x(n) + b · x(n− 3) + c · x(n− 5).

Draw a block filter of size 2 for the FIR filter described by the above
equation.


