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MIDTERM EXAMINATION
ECE462H1S, Multimedia Systems

Tuesday February 25, 2014

Examiner: D. Hatzinakos

Time: 9:30-11:00 am (90 minutes)
Room: GB304

o This is a closed book exam (type A). You may use non-programmable calculators. No
additional aids are permitted.

©  An aid sheet with formulas you may use is attached (last page).

o All questions are equally weighted

o This test counts for 30% of the final mark.

o Please answer all questions. Use only the space provided in these sheets.
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Exam questions

Question 1, (3 points)
A signal X has the following pdf f, (x):
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Question 2. (3 points)

o Design a Max-Lloyd quantizer for question 1 (see last page for useful formulas). Use
the previous settings for a uniform quantizer to initialize the algorithm. Use one iteration
of the algorithm and comment on the final decision boundaries and reconstruction values
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Question 3. (3 points) Mo ULW . U b ‘?MJ hnd
Consider the following sequence of 1s and 0s g e 0‘0'1 o 7
a) An alternating sequence of Is and 0s. ‘ ¥ f
b) A Jong sequence of 1s followed by a long sequence of 0s. 0! :

¢) A long sequence of Os followed by a single 1 and then a long sequence of 0s

Comment on the compressibility of the sequence in each case and describe in detail a
method for compression.
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Question 4. (3 points)
The sinusoidal wave m(t)=6 sin (2xt) volts is transmitted using 4-bit binary encoding.
What is the expected MSE distortion D and what is the Signal to quantization noise ratio
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Question 5. (3 points)
Consider a compact disk that uses binary encoding to record audio signals whose
bandwidth is w=15 Khz. The quantization process is uniform with 512 levels. What is the
minimum permissible bit rate?
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Question 6. (3 points)

A sequence x[n] consists of the following 8 samples

n o 1 2 3 4 5 6 7
x{n] 09 2 1 -12 3 -1 2 -193

Round the values of x[n] to the closest integer and apply Huffman coding on the result.
Construct the Huffman coding tree and show the resulting Huffman code. What is the
average number of bits needed for each value using the Huffman code?
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Question 7. (3 points)
What is the entropy of the source before and after quantization in question 6? What is the

average number of bits needed for each using fixed-length code and what is the Huffman
coding gain?
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/ Question 8. (3 points) ‘% v

Divide the sequence in question 6 into two subsequences of length 4 samples and
calculate the 4-point DCT.

i\ What is the coding gain of the transform? Quantize the values to the lower integer and
\\.ﬁ) calculate the entropy of the resulting sequence. Comment on the effectiveness of

applying a Huffman code in comparison to questlon 6.
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Question 9. (3 points)
1 09 O

Given the autocorrelation matrix R =09 1 0.9} of an audio signal ,
0. 09 1

calculate the optimal first and second order predictors.
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Questi(mﬁ. (3 points)
Briefly describe the major stages of a JPEG coder. Comment on the effectiveness of the

JPEG in comypressing black and white images vs greyscale images and colour images
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Aid sheet (Useful relations)

» Distortion
N=1 b
D=Ee-#=3 j (z — &) fx(z)da
i=0 Y4

e  Max-Lloyd relations:
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o 4-DCT Matrices
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