
EE 637 Final Exam

May 1, Spring 2003

Name:

Instructions:

• Follow all instructions carefully!

• This is a 120 minute exam containing five problems.

• You may only use your brain and a pencil (or pen) to complete this exam. You may

not use your book, notes or a calculator.

Good Luck.
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Problem 1.(25)

For n = 1 to N , let Xn be a scalar variable and let Zn ∈ IRP be an P dimensional row

vector. Then we may form an estimator

X̂n = Znθ

where θ is a P dimensional column vector.

a) Derive an simple matrix expression for the total squared error given by

TSE =
N

∑

n=1

|Xn − Znθ|
2

b) Derive a closed form expression for the least squares (LS) estimate of θ given by

θ̂ = arg min
θ

N
∑

n=1

|Xn − Znθ|
2

Let X be a scalar random variable and let Z ∈ IRP be an P dimensional random

row vector.

c) Derive an simple matrix expression for the mean squared error given by

MSE = E
[

|X − Zθ|2
]

d) Derive a closed form expression for the minimum mean squared error (MMSE) esti-

mate of θ given by

θ̂ = arg min
θ

E
[

|X − Zθ|2
]

e) Why would one choose to use the LS estimate rather than the MMSE estimate?
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Problem 2.(30)

Consider the 1-D multilevel error diffusion algorithm specified by the equations

zn = Q(yn)

en = yn − zn

yn = xn + en ∗ hn

where xn is the input, zn is the output, and Q(·) is a uniform quantizer with step size ∆ and

hn is a strictly causal filter with hn = 0 for n ≤ 0.

A conventional approach is to model the quantizer as adding i.i.d. noise with mean zero and

variance 1

12∆2 . So in this case, the model would be

Q(yn) = yn + wn

where wn are i.i.d. with E[wn] = 0 and E[(wn)2] = 1

12∆2 .

a) Use this model to express the output, zn, in terms of the input, xn, and the white

noise, wn.

b) Compute the display error dn = zn −xn in terms of the input, xn, and the white noise,

wn.

c) Compute Sd(e
jω), the power spectrum of the display error dn.

For parts d) and e) below, consider a visual distortion metric defined by the following flow dia-

gram.

−

CSF

CSF

halftoned image

original image

(.)^2Σ quality metric

+

d) Let G(ejω) be the contrast sensitivity function (CSF) for the human visual system.

Then formulate an expression for the visual distortion metric.

e) How might one minimize the visual distortion metric? Be as specific as you can.
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Problem 3.(30)

In the following problem, we assume that spectral light measurements are discretized into 31

component vectors ranging from 400 nm to 700 nm in 10 nm steps. Using this assumption,

the light reflected from an object has the spectrum

Ii = RiSi

where 1 ≤ i ≤ 31 and Si is the source illumination, Ri is the surface reflectance, and Ii is the

reflected light. Further define, xi, yi, and zi as the color matching functions for the X,Y, Z

tristimulus values.

For documents printed on a PurdueJet printer, it is known that the spectral surface re-

flectance is given by

R =









R1

...
R31









= 1 − A







c

m

y







where the columns of the matrix A are the spectral absorptance’s of the cyan, magenta, and

yellow inks respectively, and 1 is the 31 dimensional column vector [1, · · · , 1]t.

a) Calculate an equation for the X,Y, Z components of the reflected light in terms of Ii.

b) In general, is it possible for two different surface reflectance functions R′ and R′′ to have

the same X,Y, Z components? Characterize the space of possible spectral differences

∆R = R′′ − R′ that will result in no change of the X,Y, Z components.

c) For documents printed on a PurdueJet printer, calculate an expression for the vector

[c,m, y]t as a function of the measured value of [X,Y, Z]t and the known illuminant S.

(Hint: You will need to define matrices in terms of the color matching functions and

the known illuminant.)

d) For documents printed on a PurdueJet printer, calculate an expression for the spectral

reflectance vector R as a function of the measured value of [X,Y, Z]t and the known

illuminant S.
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Problem 4.(20)

Consider a situation in which you must remove distortion and noise from an image, and you

are able to choose from a) a MMSE linear filter or b) a weighted median filter.

For each attribute listed below, indicate which filter is likely to produce a better result, and

why.

a) An image corrupted by linear blurring and additive Gaussian noise.

b) An image corrupted by impulsive noise.

c) An image with many sharp discontinuities that is corrupted by additive Gaussian noise.
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Problem 5.(20)

Let I(i, j) be a 16 × 16 index matrix with entrees consisting of the numbers 0 to 255, and

let T (i, j) be the associated threshold matrix given by

T (i, j) = 255
I(i, j) + 0.5

162
.

This threshold matrix is used to halftone a constant gray patch as follows:

X(i, j) =

{

255 if g > T (i mod 16, j mod 16)
0 otherwise

where 256 represents white and 0 represents black. The output X(i, j) is then used as input

to a display with a gamma of γ.

a) Assuming the maximum display output luminance is Imax and the minimum luminance

is Imin = 0, determine the average output luminance as a function of g.

b) Determine the function X(g) which gives the input to the display required to achieve

the same average luminance level as would result from part a) above.
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