S. Sridhar Digital Image Processing

Chapter-5

Image Enhancement and Restoration

QUESTION 1
6 7 3
5 2 4
6 7 3 1 2 3
Consider the image |5 2 4 . Perform the log, square root, and
1 2 3

exponential functions and show the results.

The given image is:

Log function

Applying log base 10 Rounding off
6 7 3 0.778 | 0.845 | 0.477 1 1 0
5 2 4 0.699 | 0.301 | 0.602 1 0 1
1 2 3 0 0.301 | 0.477 0 0 0

Square Root function

Applying Square Root Rounding off
6 7 3 2.44949 | 2.646 | 1.732 2 3 2
5 2 4 2.23607 | 1.414 2 2 1 2
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‘1‘2‘3‘ ‘1‘1.414‘1.732‘ |1‘1|z‘

Exponential function

Applying Square Root >> Rounding off >>
6 7 3 403.429 | 1097 | 20.09 403 | 1097 | 20
5 2 4 148.413 | 7.389 | 54.6 148 7 55
1 2 3 2.71828 | 7.389 | 20.09 3 7 20
Apply threshold again on values greater than 255 255| 255 20
148 7 55
3 7 20

QUESTION 2

What would be the impact of the removal of the last bit in the histogram for the following

6 7 1
image? |5 1 4
1 23

Original image Binary representation

6 7 1 110 111 | o001

5 1 4 101 001 | 100
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| 1 ‘ 2 ‘ 3 | ‘ 001 | 010 ‘ 011 ‘
After removal of last bit Decimal representation of the new image
11 11 00 3 3 0
10 00 10 2 0 2
00 01 01 0 1 1

Histogram comparison: Below is a comparison of the two histograms i.e. original and

modified images. We notice the following differences in the histograms

. Criginal Image
hodificd Imape

l:' T 1
1 2 E} 4 5 fi 7 i

a. The range of the histogram has decreased. Originalrange was 7, while the

modified histogram has a range of4.
b. Lower range means that fewer bits are sufficient to represent the image. In

this case, the modified image can be represented with only 2 bits.
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QUESTION 3

An image is in the range 10-50. To display the image on a device that has the grey-level

range 0-255, what is the linear transformation that is required?

The transformation function T is given by the formula

255 —0
T=(flx,y) —10)———+0 255

50 —10
T=(f(x,yv)—10)—
or after simplifying, ey )10

Question 4

1. Let the image f(x,y) be

[ R N
|\ TN N OV)
D W W

and the reconstructed image be

N BN

1 4
f(x,y)=4 2 |, What is MSE, SNR and PSNR for an 8-bit image. What
5 |

would you do if the reference image is not given?

SOLUTION:
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Solution:

MSE =MLN ZO: ;[f(x, y)—}(x, I

MSE:3—12[(1—1)2+(3—2)2 +(5-4)’+(4-4) +(4 -4 +(3-2)+(5-57 +(2-2)* + (2= 1)*]

= 5[4] =0.4444

(0 +P+1+0°+0° +1° +0>+0° +1°)

SNR = 20log,  ( 5

)

= 2010glo(§) ~-7.0437dB

255* %9
4/9

PSNR = 20log, ,( ) =122.39dB

QUESTION 5

Consider the following image:
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Write a procedure for histogram equalization and apply this to the image.

The procedure for histogram equalization involves calculations that are detailed as below:

Multiply by

Numberof Cumulative Normalized maximumgray Round

occurrences occurrence occurrence valuei.e.?7 off
1 0 0 0 0 0
2 0 0 0 0 0
3 6 6 0.24 1.68 2
4 14 20 0.8 5.6 6
5 5 25 1 7 7
6 0 25 1 7 7
7 0 25 1 7 7

Total 25 NA

The above procedure gives us a new mapping. We apply this new mapping of

intensities to pixel values to the original image to get a new image.
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31515513 > 21 7 7| 7| 2
314(514]|3 2| 6| 7| 6| 2
414(4)4|4 6| 6| 6| 6| 6

The changes to the histogram are shown below:

15

14
12
10
B | original image
& rmodilied Fnage
'
o 1 1 1
e = = S Ia E

The new image has a histogram with a wider spread ie. Range of 5 versus a range of

3 on the original image’s histogram.

QUESTION 6

Perform image enhancement for the 8§ x 8 image distributions shown in the following

tables..
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p|8l1010(2[12]16 (4|2

Histogram equalization is a means of image enhancement. The process of histogram

equalization is shown below

Multiply by

Pixel maximum

Intensity Number of Cumulative Normalized gray value

Value occurences occurrence occurrence i.e.7 Round off
0 8 8 0.125 0.875 1
1 10 18 0.28125 1.96875 2
2 10 28 0.4375 3.0625 3
3 2 30 0.46875 3.28125 3
4 12 42 0.65625 4.59375 5
5 16 58 0.90625 6.34375 6
6 4 62 0.96875 6.78125 7
7 2 64 1 7 7

Total 64 NA

We now have the modified mappingsin the image.
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Pixel Number of Number of
intensity occurences in occurences in
values original image modified image

1 10 8

2 10 10
3 2 12
4 12 0

5 16 12
6 4 16
7 2 6

The comparative histograms are shown below:

W Number of Oecurences in
original image

Mumber of occurences in
moditicd imageo
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We can repeat the same steps for this image mapping as well

Pixel Multiply by

Intensity Number of | Cumulative | Normalized maximum gray | Round

Value occurences | occurrence | occurrence valuei.e.7
0 2 2 0.030 0.212 0
1 2 4 0.061 0.424 0
2 10 14 0.212 1.485 1
3 10 24 0.364 2.545 3
4 20 44 0.667 4.667 5
5 8 52 0.788 5.515 6
6 6 58 0.879 6.152 6
7 8 66 1 7 7

Total 66 NA

The modified mappings are:

Pixel Number of Number of
intensity occurences in occurences in

values original image modified image
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2 10 0
3 10 10
4 20 0
5 8 20
6 6 14
7 8 8

And the comparative histograms are given below:

5
20
15 .
W Mumber of oeourenees in
original image
10 W Number of occuncnoes in
moditicd imageo
5
l
1 Z 3 £ 3 K] ! =
QUESTION 7

Perform histogram equalization n the followingimage.
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(a)

Multiply by

Pixel maximum

Intensity Number of | Cumulative Normalized gray value

Value occurrences | occurrence occurrence i.e.7
0 0 0 0.000 0.000 0
1 1 1 0.111 0.778 1
2 2 3 0.333 2.333 2
3 2 5 0.556 3.889 4
4 2 7 0.778 5.444 5
5 2 9 1.000 7.000 7
6 0 9 1.000 7.000 7
7 0 9 1 7 7

Total 9 NA

Modified mappings
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Pixel Number of Number of
intensity occurences in occurences in
values original image modified image
1 1 1
2 2 2
3 2 0
4 2 2
5 2 2
6 0 2
7 0 0

Comparative histograms

2.5

m Murnber of
OECUPBIES BN
original image
Mumber of
OCCURCENC DS in
mefilied irmzpe

The modified image has a better histogram spread.
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NN
N W W

1
Problem(b) | 4
5

Histogram equalization calculations:

Multiply by
maximum

Intensity | Number of | Cumulative | Normalized | gray value

occurences | occurrence | occurrence | i.e.7

0 0 0 0.000 0.000 0
1 1 1 0.111 0.778 1
2 4 5 0.556 3.889 4
3 1 6 0.667 4.667 5
4 1 7 0.778 5.444 5
5 2 9 1.000 7.000 7
6 0 9 1.000 7.000 7
7 0 9 1 7 7
Total 9 NA

Modified mappings:

Pixel Number of Number of
intensity occurrences in occurrences in

values original image modified image
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2 0
3 0
4 4
5 1
6 1
7 2
Comparative histogram
A.5
A
2.5
3
W MNurnber of
an QUL ES TN
ariginal image
4 o Number of
1y OECUNencos in
’ mngdilied irnape
1
0.5
|'_| -
1 2 3 4 B

Modified image has a range of 6, while original has a range of 4.

QUESTION 8

Perform histogram spedcification to the problem 6 to the level shown in the following table.
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P,{0]0|0|0|20]| 20|16 |8

We first calculate normalized distributions on the specified distribution requirementsin a 8

x 8image

Normalized
Pixel Cumulative | values *
intensity # Max Gray

values Occurences | occurences | value (7)

1 0 0 0 0
2 0 0 0 0
3 0 0 0 0
4 20 20 2.1875 2
5 20 40 4.375 4
6 16 56 6.125 6
7 8 64 7 7

Histogram spedcification Problem 6 (a)

Mapping after
Original | histogram Values as per

intensity | equalization specification
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1 1 0 4
2 2 0 4
3 4 0 5
4 5 2 6
5 7 4 7
6 7 6 7
7 7 7 7

Histogram spedification Problem 6(b)

Mapping after
Original | histogram Values as per

intensity | equalization specification

1 1 0 4
2 4 0 5
3 5 0 6
4 5 2 6
5 7 4 7
6 7 6 7
7 7 7 7
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QUESTION 9

Apply the followingfilters on the given image and show the intermediate results.
a. Low-pass filter

b. High-pass filter

1 3 5
c. Median filter| 4 4 3
5 2 2

A simple Low pass filter is given by

Because this is a convolution, we first apply padding around the image. The easiest way to

do this is to apply zero padding
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Start by applying the filter to the upper left corner of the image

0 0 0 0 0 0 0 ofO0 O 0 0
=1/9

0 1 3 5 0 0| (1+3+4+4) 3| 5| 0 0] 133

0 4 4 3 0 =] 0 4 4] 3|0 0 4

0 5 2 2 0 0 5 2 2|0 0 5

0 0 0 0 0 0 0O 0 0 O 0 0

Move the mask around the entire image

1.33| 2.22 | 1.67

211 3.22| 211

1.67| 2.22 | 1.22

Round off the fractions to get pixel values

1 2 2
2 3 2
2 2 1

Similarly, a high pass filter is obtained by using a Lapladian filter like:

Copyright © Oxford University Press, 2011



S. Sridhar Digital Image Processing

0 -1 0
-1 4 -1
o0 -1 0

As in the previous problem we can move around the mask on the zero padded image to get the

following results

-3 2 14
6 4 1
14 | -3 3

If we consider the above two filters without zero padding we get the following results

Low Pass Filter

Change only
Image center value Round off
1] 3| 5 1 3(5 1] 3| 5
41 4| 3| => 4 3.2 3| = 4| 3| 3
5 2| 2 5 2|2 5( 2 2
High Pass Filter
Change only
Image centre value
1 3 5 1] 3 5
4| 4] 3 => 4( 41 3
5 2 2 5( 2 2
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Median Filter

List out the elements of the image in ascending order: 1,2,2,3,3,4,4,5,5

Replace the center of the image matrix with the median of the above datai.e. 3

Replace center with

Image median
1 3| 5 1 3| 5
41 4| 3 => 41 3| 3
5[ 2| 2 51 2| 2
QUESTION 10

What is the result of applying the order-rank filter on the following image?

wn s~
oA~ W
[\C US|

First sort the elementsin ascending order and list them to getthe list: 1,2, 2,3, 3,4, 4,5,5

The following are the effects of applying the order rank filters on the given image.

Median
Filter Min Filter Max Filter
1 3 (5 1 3 5 1 3|5
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The median filter is used to suppress noise, while the min and max filters are used for gray level
morphological transforms.
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