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(CLOSE BOOK, CLOSE NOTES)

Close books and close notes.

Please show all the steps in your works.
You can work problems in any order.
At the end please rearrange as 1, 2, 3, 4, and 5.

Please print your name and student ID.

Name

Student ID




[20 Points|[Problem 1]
(Uniform quantization of a uniformly distributed source signal)
Given an M-level uniform quantizer with fixed-length code of n bits, M = 2". Source

. Quantization step size is A.

max ’ max ]

signal takes values in the interval [—X X

(1.1)[4 Points| Find quantization step size A in terms of X, and M.

X

(1.2)[5 Points] Find signal variance o (signal is uniformly distributed in the interval

[~ X X

max ? max ] °

(1.3)[5 Points] Find mean squared quantization error, msqe, o (second moment of

23

quantization error uniformly distributed in the interval

(1.4)[6 Points] Show that SNR (in dB) = 6.02n dB. This means, the signal-to-noise

ratio increases 6.02 dB for every additional bit in the quantizer.

Signal variance

Given SNR =

msqe

Variance or second moment of a random variable Y with zero mean, is

Y2
E[YQ] = fYZfY (Y)dY , where f, (Y) is probability density function and Y € [y,,,].
n



[20 Points|[Problem 2]
(Scalar quantization) Forcing a uniform quantizer on a non-uniform symmetric pdf,

A = step size, M = number of output levels.

Symmetric pdf

—
0 A 2A (M-l)A
2

Input levels

o]

M
57 ia . 2 _

Given msqe, 0 = (2" [ [:c— 212 IA] fr@da|+[2 [ [x—%A]fX (x)dz
=1 (i-)A [M—l]A

2

(2.1)[6 Points] In these two terms, identify the overload noise and granular noise.

(2.2)[8 Points] To find the optimal value of A, we take a derivative of msqe, o, , with

respect to A and set it to zero. Show that result is in the expression below,
M

L 2 —1 7 M-1
GAQZ_E(QZ_I) f [x— 5 A}fx(x)dx— (M —1) f [x—TA]fX(z)dl" =0
i=1 (i—1)A [%,1]

B(t) b(t)
. 99 (9,1) b (1) da(t)
Use Leibnitz’s rule, — [ g(y,t)dy = | =—="=dy+ g(b(t),t)——=—g(a(t),t)——=.
at;(/t‘) ;(ft) ot ot ot

Show all steps.

(2.3)[6 Points] How does A affect the granular noise and overload noise.



[20 Points|[Problem 3]
(Vector quantization) VQ codebook contains M codewords (codebook size). Each

codeword is fixed length binary coded.

Codebook Codebook size = M

Input vector
—)
z

Binary codeword or index

min[d(g,@)}
i=12--- M R

A

for gj

d (g, ij) has minimum

(3.1)[4 Points] How many codebook indices are used for this quantizer?
(3.2)[4 Pionts] Calculate the number of bits needed to transmit each codebook index.

(3.3)[4 Points] Given each input vector has L pixels (dimension of input vector), find

the compression rate of the encoder in bpp (bits per pixel).

(3.4)[8 Points] Explain in detail the splitting algorithm for designing a codebook.

What is an empty cell problem and how can this be solved.

[20 Points|[Problem 4]
(4.1)[10 Points] Write the mathematical expressions (definitions) of two distortion
measurements, MSE (mean squared error) and MAE (mean absolute error). Define all

variables and parameters that appear in the expressions.

1 & . . .
(4.2)[10 Points] Suppose the L, distortion metric, EZ[x(m) — 2], is used in

m=1

the VQ process. What are the implications of this?



[20 Points|[Problem 5]
(DPCM with linear-causal K-th order predictor)

(5.1)[7 Points] Given o, = E [ei (n)], prediction error e, (n) and predicted value

K
T, (n) are uncorrelated, z, (n) = Zaix (n — 1), where z(n) is input signal, and a, are
i=1

predictor weights. Also e, (n) has zero mean.

.. . 2 9 T
Show that prediction error variance, 0, = 0, — @ 4 Tz
h T
where, a . = [ay,ay,,a, ],
o T
Ty = [711’7127"'77}(]

[E[aj(n)x(n—1)],E[I(n)x(n—2)],---,E[I(n)x(n—K)”T

(5.2)[6 Points] Given a DPCM with feed forward predictor.

e,

x(n)

X,M)

Describe its disadvantages. Sketch the corresponding inverse DPCM.




(5.3)[7 Points| Given a DPCM structure with pitch predictor P, (used in speech
coding).

What are its advantages? Sketch the inverse DPCM.

END OoF TEST QUESTIONS
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