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Let's consider the following image f ( x, y ) which has 9 rows and 9 columns and 256 gray levels for each
pixel :

0 | 100|110 90 | 95 | 105|100|100| O

0 | 100|110 105|110 110|110|100| O

0 |100|105|110115{110| 110|110} O

0 |100{100|110|160|115|115|115| O

0 {110 110|110 |115|115|110|110| O

0 | 115|110} 110|110} 110|100 {100} O

0 |115|115|110{110|100| 80 | 80 | O

1. Compute the histogram of the image f (x,y). (3 points )
( Answer the question on the following drawing )
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2. We want to apply a gray level transformation to the image f ( X, y ) to obtain a new image g (X, y ).
The gray level transformation is defined by the following function :

A

200

100

70 140

Compute the new image g ( X, y ) in the following array. ( 2 points )

3. We consider the following function p ( x ) defined as follows :
A

]
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Give a 3 x 1 discrete mask to approximate this function. ( 3 points )




4. We consider the following 3 x 3 discrete mask m(Xx,y):

1011

m(x,y)= _1
5 1] 211
1|11

Compute a new image h ( x, y ) which is obtained by the convolution of g (x,y) and m(x,y):
h(x,y) = g(xy) ® m(x,y)

Draw the new image h ( x, y ) in the following array. ( 4 points )

5. We consider now a 5 x 5 image 1 (X, y).

10 | 15 | 32 | 28 | 27

27 | 33 | 25 ] 20 12

19 | 21 | 25 | 21 | 19




Apply a 3 x 3 median filter to the image i ( %, y ) to obtain a new image j (X, y ) and draw j (X, y) in the
following array : ( 4 points )

6. Suppose that a flat surface with center at ( Xg , Yo ) is illuminated by a light source with intensity
distribution i (x, y) given by :

i(x,y)=Ke" with  Y=- [(x-%) +(y-¥0)]

The reflectance of the surface is given by :

r(x,y) =20+10(x-x9)+10(y—-yp)

a. What is the value of f(xqg+1,yot+1)? (1 point)
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7. A Gaussian function P (x) with mean p and variance 02 is defined by :

P(z) = e (z-n)2/(20%)

oV

When p =0, we denote the Gaussian function with variance 6, by g(x), and its Fourier transform is :

Fg(u)=exp(-2n202u2) whereexp(y)=ey

Let f(x) be a function and F £ (u) its Fourier transform.

. . . . . . 2
We compute n times the convolution of the function f (x) by the Gaussian g (x) with variance ¢

€ (D@D NS ...) B g(x) (n times )
or
fX®gx)IVgxVR; ... ®gx) (ntimes)
By using the convolution theorem, find the Gaussian function h (x) such that : (2 points )

fX)®h(x) =fXO®gXx®gx)® ... ®g(x) (ntimes)
(that is : find the Gaussian function equivalent to n convolutions by the function g (x) )
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