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Part | (Close book exam 40 pts) 45min

| 1. (4 pts) Given an image with size 3>3 as following. Reduce its gray level
resolution in half, generate a result image and describe your methods.

1 2 3 011
4 0 2|>|2 01
5 47 2 2 3

2. (6 pts) Consider two pixels p and q in the following figure. Calculate the (a)
Euclid distance, (b) city-block distance and (c) chessboard distance between p and
q.
p. [ ) [ ]
[} [ ) .q

@ V12+22 =5

(b) 1+2=3
() Max(1,2)=2

3. (6 pts) Give the expression for the set shown shaded in the following figure in
terms of sets A, B, and C.

(B-(AUB))U(ANB)
4. (5 pts) Can a typical image display device show any natural color? Why?

H-1-W /L6
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5. (6 pts) Consider an image pixel withene-pixel-have—eeler [10, 20, 30] in RGB
color space. (Assume that the intensity level range of each color channel is [0,
255].) Please answer the following questions:
a) What is the intensity of this pixel?
b) What is the saturation of this pixel?
c) What is the complement of this pixel?
a) 10+23§)+3o=

20

b) s-= -3 min(10, 20,30) =0.5
10+20+30

c) [245, 235, 225]

6. (4 pts) As shown in the following figure. The upper row is the input images, and
the bottom row is the output images after a spatial filtering. Choose the
corresponding filter for each image pair.
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(@) (b) (©) (d)

01 0 111 0 -1 0
A. |1 -4 1 B. |11 1| C.medianfilter D. |-1 5 -1
01 0 111 0 -1 0

@B (b)B (c)C (dA

7. (4 pts) Consider the continuous function f(t) = 2™ Please answer the following
questions:
a) What is the period of f(t)?
b) What is the frequency of f(t)?

a) T=2—ﬂ=1
2zn n
1

b)) F===n

) T

8. (5 pts) Give both the 1D Fourier transformation and inverse Fourier
transformation pair.
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Part 11 (Open book exam 60 pts) 75min

1. (6 pts) Two images, f(x, y) and g(x, y), have histograms as following. Please
determine the histograms of image f(x, y) + g(x, y).

I 0 1 2 3 4 5 6 7

pe(ry) | 0.3 0.2 |0.2|0.1]0.05|0.15

pg(r) | O 0 |10 O 0 0 0 0

o
o

I 0 1 2 3 4 5 6 7
p(r | O 0 [03|02]02]01/0.05|0.15

2. (8 pts) Give the expression of contraharmonic mean filter,

D.9(s,)%"

(s,t)eSyy

f(xy)= S o0

(s,t)eSyy

Please explain that if the parameter Q>0, it can eliminates pepper noise, but
invalid for salt noise.
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3. (9pts) Let V ={0,1,2} and compute the lengths of the shortest 4-, 8-, and m-path
between p and g. If a particular path does not exist between these points, explain
why.
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4. (9 pts) Based on the relationship between the original image and its filtered image,
| determine the linear filter coefficients. (Ignore the border effects.)
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5. (8 pts) Design a morphological operation to extract the edge of the image
bellowas following.
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6. (10 pts) In general, spatial filtering of an image of size MxN with a filter of size
mXxn is given by the expression:
a b
agix,y)= X > w(s,t)f(x+s,y+t).
s=—at=—b
Show that this is a linear operator.

i 4

b
g y) =HIF Y= 5 3 ws.)f(x+s,y+t)

s=—at=—b

)

Hl[af, (x, y) +bfy (X, y)] = % %W(s,t)[afa(x+s,y+t)+bfb(x+s,y+t)]

s=—at=-b

= i % w(s,t)af, (x+s,y+t)+ i %W(s,t)bfb(x+s,y+t)

s=—at=-b s=—at=-b

b b
=a % > w(s,t)fy(x+s,y+t)+b % > w(s,t) fy(x+s,y+t)

s=—at=-b s=—at=-b
=aH[f,(x, y)]+bH[f, (x, y)]
ko

(10 pts) Consider any-three valid colors ¢y, ¢;, and ¢z with coordinates (0, 0), (10,
0) and (6, 8) in the chromaticity diagram. A color c is lie within the triangle with
coordinate (5, 4). Computing the relative percentages of ci, ¢, and ¢z composing
the given color c.
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A(c) = 4
(@) d(c,c,)
/1(C2)= d(C,Cl) .d(CS’C4) c
d(c,c,) d(c,,cy)
/1(C3): d(C’Cl) .d(CZ’CS)
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{/1(01)51 +A(cp)Cy +A(c3)C3 =C
Alg) +A(cp) + A(cg) =1
{/1(01))(1 +A(Cp)Xp + A(C3)X3 = X

=

<Ay +A(C) Y2 +A(C3)ys =Y

A(ey) +A(cy) +A(c3) =1

=%

(EE
Aey) = (x=x3)(¥2 = ¥3) = (¥ ~ ¥3)(X2 — X3)
(4 = %3)(Y2 = Y3) — (V1 — ¥3) (X2 — X3)
(X =x3)(Y1 = Y3) = (Y = Y3) (% — X3)
A(cy) =

(X2 =X3)(Y1 = Y3) = (Y2 — Y3) (X — X3)
C(X=x) (Y2 =) = (Y = V) (%o — %)
A(cg) =
(X3 =%)(Y2 = Y1) — (Y3 = Y1) (X2 = %)

FH s AT BATHEL
A(g) =03
A(c,) =0.2
l(C3) =05



