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Q1.

a) Discuss Human vision vs. Machine vision considering Decision making, Speed of
response and Quality of measurements.

b) Discuss three reasons for Low Contrast images?

¢) What is the object of applying Sharpening Filtering with respect to image processing?

d) Discuss the uses of Image Addition, Subtraction and Multiplication.

Q2.

a) An image has the histogram shown in Fig. Q2 (a). It is to be enhanced with histogram
modification method to possess a desired histogram specified in Fig.Q2 (b). Sketch the
resulting histogram of the image after the enhancement.
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b) The gray level probability density function p (r) =3’ of an image is shown in
Fig.Q2(c). We wish to transform the gray levels of this image so that they will have the
specified probability density function p-(z) given by the Rayleigh function given below.
Assume the gray levels are continuous quantities, find the transformation (in terms of r
and z) that will achieve this.

Z2

c (2
Pa(z) ==e 2a/ where  is a constant.

p.(1)

1

3

: Fig.Q2(c)
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Q3.

a) Fig.Q3 (a) shows a work piece placed on a horizontal table. With the aid of structure

b)

Q4.

lighting, describe how you could determine the value of the angle a.

Fig.Q3(a)

Consider an automated vision-based system for dimensional measurement. The system
setup has an object view of a 4cm by 4cm square. The solid state sensor isa 512 by 512
array arranged in a 0.8cm by 0.8cm square. If the required tolerance of the measurement
is 20pm, determine whether this system setup is suitable. Explain.

Consider a surface inspection system using a microscope. The vision system has a 256
by 256 sensor array, arranged in a 0.8cm by 0.8cm square, the lens has an f—stopof16
and a magnification of 10. Determine whether the system can be used to inspect surface
irregularities with a maximum height of 0.05mm. Explain.

a) A and B are sets in 2-dimensional integer space Z?, show that

b)

AOB:=AO B)-«
Ax © B=(4O B)«

In an image noise cleaning operation, a single pixel which does not have any 8-
connected neighbour is considered as a noise spot. Design a morphological operation
for the noise — cleaning operation. Clearly show the structure element used in the
operation.
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¢) Fig. Q4 shows a digital binary image A4, and two structural elements B and C. Determine
the results of the following morphological operations.
H. “depocc
(). A0B® O
(iii).  What conclusions can be drawn from the results of parts (i) and (ii)?
(iv).  Show that A © C= (4 © C) * C. Explain whether this result is expected?
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Fig.Q4
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- Fig.Q5
Consider the 5X7 image shown in Fig.QS5 above, with grey levels from 0 to 15. This
image is composed of a bright 5x4 part on the left and a dark 5x3 part on the right.

a) Plot the histogram of this image and that of its inverse.

b) Design a point processing to transform the left part of the image to white and right
part to black, and show the resulting image (round the number to the closest integer).

¢) After step (b) above, the left part of the image is not completely white due to the
presence of noise. Use a 3x3 average mask to filter this noise.

d) Threshold the image resulting from step (c) above to make the left part completely
white and the right part completely black. Show the resulting image.

€) Process the image resulting from step (b) above using a 3x3 median filter. Compare
your result with the result from (c). Is step (d) also needed in this case?

f) Design a 3X3 mask and describe how you can use it to detect the “vertical edge”
separating the left and right parts of the image resulting from step (e). What mask
would you use to detect horizontal edge?
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Q6.  Consider a given image f{x, y), the gray level z of which lies within the interval [a, ‘ij
Mathematically:

- asz=f{x,y) <b

for all x, y where [a, b] is a sub — interval of the available range of gray level ([z1, z«])
of the system used. »

a) Find a simple linear gray level transformation expression that allows the
stretching and shifting of the existing gray level interval [a, b] to occupy the
full available range [z1, z«].

b) Determine an expression that will stretch the gray level interval [a, b] to the full
available range [z1, z&], but compress the intervals [zi, a] and [b, z].

¢) Given a gray — level image, we wish to compress the gray.level intervals
[0, 80] and [160, 240] by a factor of 2, and expand the gray level in the interval
[80, 160] by a factor of 2. Find the expressions for the required transformation.
Be sure to indicate the valid range of each expression.

d) Suppose now we have an image with gray level ranges in the interval [0, 30].
Give the equations for the transformation that:
(D).  Stretch the gray level interval [0, 10] into [0, 15],
(ii).  Shifts the interval [10, 20] to [15, 25], and
(iii).  Compress the interval [20, 30] into [25, 30].

Be sure to indicate the valid range of each equation.

Q7.

a) A partial binary digital image is shown in Fig.Q7 (a), and the gray level a > b.
Design a 3 by 3 mask, G, to detect the bright line with gray level ‘a’, and produce
an output image show in Fig.Q7 (b).

Fig. Q7 (a)
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0 3(b-a)2 3(a-b) 3(b-a)2 0

0 3(b-a)y2 3(a-b) 3(b-a)2 0

0 3(b-a)2 3(a-b) 3(-a)y2 0

Fig. Q7 (b)

b) Use the mask G developed in part (a) to process the partial digital images shown
in Fig Q7 (c) and Fig Q7 (d), and show the respective output.

a a a b b b
a a a b b b b b b b b
a a a b b b b b a b b
a a a b b b b b b b b
a a a b b b .
b b b b b
Fig. Q7 (c) | | Fig. Q7 (d)

Comment on the effectiveness of the mask G that you developed in relation to the
results obtained here.

¢) Carry out the following processing:
().  Interchange the rows and columns of mask G to produce a new mask H.
(ii).  Convolve the partial image shown in Fig.Q7 (d), with the mask H.
(iii).  Convolve the partial image shown in Fig.Q7 (d), with the mask G.
(iv). Do a point wise subtraction between the results of steps (ii) and (iii).

Show and discuss the result of step (iv). Suggest an application for this processing.
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QS.

a) For a spatially discretised M x N image, denoted by ffi, /), the p | ¢® moment
is given by : .

Mpq = Z?io Z?:o P,

Fig.Q8 shows images of an ellipse in 2 orientations formed by 7X 8 arrays of gray or
white pixels. For each orientation, determine the moments moo, mio and mo; and
comment on your results. Use an intensity of 1 for gray pixels and 0 for white pixels.
The origin of the array is indicated by “+’.

@ (i

Fig.Q8

b) The central moment is defined as :

Bpg= 32, 5N o (i—i00P G- (i)

Where ic and j. are the coordinates of the centroid of a given image region. Calculate
the values of yg;, t159 and 6 of the two images shown in F ig.Q8, where 9 is given by:

2044
Ha0—Ho2

tan 260 =

The values of p;; for the regions shown in Fig.Q8 (i) and (ii) are, 0.0, and 24.0
respectively. - S ’ '

The second order central moment can be calculated with the following expressions:

., 1
Ha2o =3 (Uz0 + Hoz + \/(#20 = Ho2)? + 4pZ)

’ 1 v
Moz =5 (20 + oz — v/ (20 — 102)? + 44i2;)

Calculate uzp and pg,, for the region shown in Fig.Q8 (i) and (ii). Discuss what these
two qualities represent with respect to the length of the major axes of the ellipse.
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