University of Calgary
Schulich School of Engineering
Department of Electrical and Computer Engineering

ENEL 563 Biomedical Signal Analysis
Midterm Exam

Tuesday, 3 November 2009, ENC 033
9:30 — 10:45 a.m. (75 minutes)
Total Marks: 15
Instructions:
1. This is a closed-book, closed-notes exam.
Calculators and electronic devices of any kind are not allowed.

Answer all (four) questions.

AW

In case of problems requiring numerical or algebraic manipulation, show all steps
clearly.

&

In case of problems requiring algorithms, provide the reason or logic for each step.
6. Specify units or dimensions when appropriate.

7. In drawing plots of signals, spectra, etc., label the axes clearly.

Question 1: What is the electroneurogram (EN G)?
Describe an experimental procedure to acquire an ENG.

Describe the typical result obtained from ENGs and a potential application.
(3 marks)

Question 2: A random signal z(¢) is characterized by its probability density function
(PDF) p,(z).

Write the basic definition of the mean-squared value of z based upon its PDF.

Given an observation of the signal in terms of its samples, expressed as z{n), n =
L,2,...,N, give a formula to compute the mean-squared value of z (without the PDF).

Give a formula to obtain the root mean-squared (RMS) value of z.

If z represents an electrical signal, what do the mean-squared and RMS values represent?
(3 marks)



Question 3: For a discrete-time signal z(n}), write the basic definition of the z-transform.

The signal z(n) is processed by a linear shift-invariant system with the impulse response
h{n). Write the complete mathematical expression for the output y(n).

Showing all steps, derive the relationship between the z-transforms of z(n), h(n), and
y(n).

(3 marks)

Question 4: A digital filter is specified by the difference equation
y(n) = z(n) — z(n - 2),

where z(n) is the input and y(n) is the output.

Derive the transfer function of the filter,

Derive the magnitude and phase parts of the frequency response of the filter. Let the
sampling frequency be normalized to unity.

Plot the magnitude and phase responses. Indicate the values of the functions at normal-
ized frequency values of 0, 0.25, and 0.5.

Explain the nature and effects of the filter.

(6 marks)
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