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Chapter 1

Introduction




1) Introduction:-

1.1 Goals and Objectives:-

The main goal of our project is to detect any edges that are found in any
greyscale image that the user inputs into the program after applying one of the

five edge detection operators that we have coded in our program.

A text user interface appears after the user operates our program when the
image that he wants to use is chosen. The menu includes some tips and helpful
information that the user could use, it also asks the user to choose one of the five
edge detection operators. After choosing the type of operator the user is asked if
he wants to display the “thresholded “image or display “the edge detected
image”. At the end, the user is asked if he wants to superimpose the edges on the

original image.
Finally the program will ask the user if he wants to change the edge

detection operator and use it on the same image he chose at the beginning, or if

he wanted to exit the program
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1.2 Overview of the report:-

In Chapter two, the system requirements will be shown, which will
include information about the system requirements and specifications, functional
specifications, inputs, outputs, operators and how they work and the limitations

of our program.
Chapter Three will deal with the implementation of our program, which
will be divided into the input, output, the different operators and the XV program

that we have used.

Chapter Four will talk about the different tests that we ran on our

program to make sure that its working correctly.

Chapter Five will include the critical appraisal, applications and future

recommendations.

A reference page and an appendix which will include the source code

of our program will be attached to the end of our report.
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Chapter 2

System Overview
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2) System Overview:-

2.1 Requirements:-

UNIX or Linux operating systems must be used to operate the program.
XV must be installed to be called by the program to display the images. The input
image must be in Grayscale PGM ASCII image format.

2.2 System Specifications:-

The program was written in C++ programming language.

2.2.1 Functional Specifications:

The main functions in our program are :

e Reading a grayscale ASCII image.

e Applying one of the following operators:-
1- Sobel operator
2- Prewitt operator
3- Robert operator
4- Gradient operator
5- Kirsch operator

e Ask the user if he wants to threshold the image.

e Display the output using the XV program
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2.2.2 Inputs:

The main input in our program is:
- A grayscale PGM ASCII image format, where we can store the
image size in an array after reading the input image size which is found on

the third line, which could be seen in fig .1 below.

P2 [ Tmage Format |
# CREATOR: {.10& Rev: ‘I2/ao/o8 -
i - — Image size |

255 | ez grey 'Jalue]
184184 110 110 110 110 110 110 110 1i0 110
1111113111111 110 110 110 110 1310 111 1311
iz 1z 1= 1=z 1z 1z 1z 1z 1z 1z iz
110 110 2310 1310 110 1310110110110 110 L10
110 110 110 1310 110110110110 1249 1249 L10
110 110 110 :110-110.:111::31311::1131::13132:131: 21X
1z4 124119 °'119 119 iz 12 iz iz 12 1z
iz 27 27 108 108 110 110 110 110 1310 1310
110 110 110 1310 110 110 110 1310 1310 110 130 130 1310 1310 110 110 110
110 110 93110 110 110 110 110 110 110 110 110 110 110 110 110 108 108
108 128 128 140 1§55 155 155 1885 135 135 124 12 12 1z iz iz iz
iz 1z iz 1z 1z 1z iz iz iz 52 52 1310 110 1310 110 110 110
110 110 110 1310 110 110 110 110 110 1310 1I0 130 110 1310 110 110 110
110 118 110 110 110 110 110 108 108 10% 109 109 109 109 109 109 110
110 110 az B2 &7 G7 108 121012101330 133 0 A3FI O AIZIOAIIOAZIZIAIZI A
133123 12101230133 133 0133 127 12T 108 108 52 41 41 1z 1z 1z
110 110 1310 1310 110 110 1310 110 110 130 130 130 1310 130 110 110 110
110 110 1310 1310 110 110 3110 9110 110120 31730 130 1310 130 111105 103
108 108 106 106 82 21 81 57 57 67 108 108 121 121 121 133 133
121 121 121 133 133 133 133 133 133 121 121 121121121133 133 133
121123 121 127 A2 127 127 108 0129 129 122 1220117 0111:00111:011.1:011.3
1T1-12E-321720119 1190119 1191249 1313 A3 A3 L2913 1131 014G 199

(Fig.1)

2.2.3 Outputs:

Our output will be:

» The original image will be displayed by calling the xv program
(software used in UNIX or Linux to display images).

» The edge detected image for the selected operator.

» Thresholded edge detected image using a threshold value that
will be entered by the user manually.

* Angled image (the image which results from calculating the
angles)

= Superimposed image (the image which results from
superimposing the edge detected image over the original

image
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2.2.4 Operators and how they work:

The edges operators that were used in our program are:
1) Sobel Operator
2) Prewitt Operator
3) Robert Operator
4) Gradient Operator
5) Kirsch Operator

The algorithms for these operators are the following:
Apply one of the five operators
Convolve two types of masks for each operator over the input image
Get the values of the following terms:
- dx value (the value of the horizontal edge)
- dy value (the value of the vertical edge)
Calculate the magnitude and the angle for each pixel of the input
image.

2.2.5 Limitations and Restrictions

The following points are the limitations and restrictions of the implemented system:

o The quality of the output either the edge detected image or the thresholding image
is not 100% since some of it has unwanted edges (noise).

o Certain images do not give an appropriate output as expected.

o Ifthe input image is very large the program may take some time to display the
output and sometimes does not display it at all.

o The program finds the edges for grayscale images only (PGM format).

o Simple text user interface to communicate with the user
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Chapter 3

Implementation




3) Implementation:-

3.1 Input and Output:-

The XV program is used to read the greyscale image (PGM ASCII image format).
The XV program is also used to display the edge detected output, the threshold output
and the superimpose operation’s output

3.2 Sobel Operator:-

The Sobel Operator consists of two [3 x 3] masks, one for each axis.

-110]1] |12 1
2,02/ /000
-1/0/1) [-1]-2-1

X axis y axis
(Fig. 2)

3.3 Prewitt Operator:-

The Prewitt operator also consists of two [3 x 3] masks.

-110 11

1
-10/1 000
-1/0/1) -1/-1-1

X axis y axis
(Fig. 3)

b
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3.4 Robert Operator:-

The Robert Operator includes two [2 x 2] masks one for the x axis and the other
of the y axis.

1 | 0 0 1

0 | -1 -1 0

X axis y axis
(Fig. 4)

3.5 Gradient Operator:-

The gradient operator also includes two [2 x 2] masks for the x and y axis

-1 11 1 | O

0O 0 ||-1 O

X axis y axis
(Fig. 5)
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3.6 Kirsch Operator:-

The Kirsch operator has two [3 x 3] masks

3

3

U

0

3

-5

-5
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3.7 How do these operators work?:-

The algorithms of the (Sobel, Prewitt & Kirsch) operators are the same except
that they have different mask cell’s value while the (Robert & Gradient) operators have
the same procedure since they have 2 x 2 masks and yet they differ in getting the value of

the horizontal and vertical edges.

The five operators operate in a similar manner, where first of all the input image will be

transferred into a 2D array as shown in (fig 7):

(Fig. 7)

The original image

Each element of this array will have a value between 0 and 255 that represents the gray

scale value of this PGM image.
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3.7.1 Convolution of the Masks:

In the case of Sobel, Prewitt or Kirsch operators where all of them have (3 x 3)
masks, the convolving process is done by super imposing the two masks individually
over the original image’s pixels as shown in (Fig. 8) where the pixel under the center cell
(5) is the one being affected, then the mask will slide over the next set of pixels as shown
in (Fig.9) and so on until it covers the whole image.

-1]0 |1
210 |2
1

0
B | C
E | F

|
LI

pu

(Fig. 8)

(Fig.9)
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In the case of Robert & Gradient operators where all of them have (2 x 2) masks,
the convolving process is done by super imposing the two masks individually over the
original image’s pixels as shown in (Fig. 10) where the pixel (4) is the one being affected
in Gradient operator while the pixel (3) is the one being affected in Robert operator, then
the mask will slide over the next set of pixels as shown in (Fig.11) and so on until it
covers the whole image

1 [0
0 | -1
Vo
12
3 |4

(Fig. 10)

(Fig.11)
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3.7.2 Calculating the values of (dx & dy):

Within each convolving process the program will calculate the values of dx & dy
(the values of the horizontal and vertical edges) for each affected pixels of the original
image, these calculations are done by multiplying all of the pixel values in the original
image by the values in the cells over them and then add the results together, for
simplifications the following equations are used to find the values of dx and dy for each

operator:

In case the operator’s mask is 3x3 consider the following area where the mask covers it.

A B |C

D | E | F

G H I

A) Sobel equations:

dx=  valueofpixel Ax1 + valueof pixel Bx2 + value of pixel Cx 1
+ value of pixel Dx 0 + value of pixel Ex0 + value of pixel F x 0
+ value of pixel G x -1 + value of pixel H x -2 + value of pixel [ x -1

dy = value of pixel A x—1 + value of pixel Bx 0 + value of pixel C x 1
+ value of pixel D x -2 + value of pixel E x 0 + value of pixel F x 2
+ value of pixel G x —1 + value of pixel Hx 0 + value of pixel I x 1

B) Prewitt equations:
dx=  valueofpixel Ax1 + valueofpixel Bx1 + valueofpixel Cx1
+ value of pixel Dx 0 + value of pixel Ex0 + value of pixel F x 0
+ value of pixel G x -1 + value of pixel Hx —1 + value of pixel I x —1
dy = value of pixel A x -1 + value of pixel Bx 0 + value of pixel Cx 1

+ value of pixel D x —1 + value of pixel E x 0 + value of pixel F x 1
+ value of pixel Gx—1 + value of pixel Hx 0 + value of pixel [ x 1
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C) Kirsch equations:

dx=  valueofpixel Ax3 +
+ value of pixel Dx3 +
+ value of pixel Gx -5 +

dy=  value of pixel Ax—5 +
+ value of pixel Dx -5 +
+ value of pixel Gx -5 +

value of pixel Bx 3 + value of Cx 3
value of pixel Ex 0 + value of Fx3
value of pixel H x —5 + value of 1x -5

value of pixel B x 3 + value of pixel C x 3
value of pixel E x 0 + value of pixel F x 3
value of pixel Hx 3 + value of pixel [ x 3

In case the operator’s mask is 2 x 2 so consider the following area which is covered by

the mask.

A |B

C|D

* The pixel D is the affected pixel in the Gradient operator
* The pixel C is the affected pixel in the Robert operator

A) Robert equations:

dx=  valueofpixel Ax1 +
+ value of pixel Cx 0 +

dy=  valueofpixel Ax0 +
+ value of pixel Cx -1 +

B) Gradient equations:
dx=  value of pixel Ax—-1 +

+ value of pixel Cx 0 +

dy=  valueofpixel Ax1 +
+ value of pixel Cx -1 +
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3.7.3 Calculating the Magnitude & Angle:

After getting the values of dx & dy for each convolving process the program will
calculate the magnitude and the angle for the affected pixel in the original image, the
value of the magnitude will represent the gray value pixel which range 0 up to 255, high
values of pixel’s magnitude in the image correspond to sharp local changes in gray values

.e.(edge).

*The Magnitude is given by:

Magnitude = \/a’x2 +dy’

*The Angle is given by:

Angle = arctan a

dx

3.8 XV program:-

In order to display the image, an external software package, XV, was used.
The XV program can display almost all image formats and converts from one format to
another and then saves them. It was used in the project to display the original image and

the image which was obtained after applying one of the edge detection operators.
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Chapter 4
Testing




Testing

4.1 Verification:-

Verification of the implementation can be proved by showing that it satisfies the
requirements which are stated in chapter 2. The requirements can be divided into three
categories: input image (PGM format), edge operators and output (edge detected,
thresholded).

The system was required to find the edges of a grayscale image of a PGM format using
different edge operators and display the output which is either the edge detected image or
thresholded image.

It appears that the implemented system accepts only PGM format images as an input and
then applies one of the five operators that the user has chosen. Finally our program

displays the output which is either the edge detected image or the thresholded image.

Some samples are shown in section 4.3

4.2 Validation:-

The validation of the implemented system can be proved by showing that it meets the
specification stated in chapter 2. The functional specification of the system was divided
into four main functions: reading the input image, applying one of the edge operators,
thresholding the edge detected image and displaying the output. The previous four

functions were implemented and tested.
The inputs and outputs satisfy what was stated in the specification, except that some

images were not giving an appropriate output. The input of the system is a PGM format

while the outputs are either the edge detected image or the thresholded image.
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Three test scenarios were applied to the implemented system. These scenarios were
checking the output for each operator, validating the output of the thresholded image

using three values (low, medium and high) and testing the superimposed output.

4.3 Edge detection test:-

The following images have been tested to get the edge detected image using the five
implemented operators.

Inputs:

The original PGM image of Eye Retina Dr. Halim
- fig 12 -fig 13
Outputs:

1) Using Sobel operator:

-fig 14
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Qutputs:

2) Using Prewitt operator:

3) Using Robert operator:

- fig 18
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-fig 17
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4) Using Gradient operator:

-fig 20

5) Using Kirsch operator:
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4.4 Thresholding test:-

The following image has been tested using different threshold values (low, medium,
high) as shown below:

Inputs:

Qutputs:

Low threshold Medium threshold High threshold
(fig 25)

4.4 Superimposing test:-

The following image has been tested using the superimposing feature:
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Discussion

5.1 Summary:-

In this report, we expressed the idea of our project where the program will
detect the edges of a grayscale image of PGM format using different edge
detection operators. The requirements and tools needed to run the program, and
the system overview that includes information about the system requirements,
specifications, functional specifications, inputs, outputs and operators all of them
were mentioned at early stages. The implementation of the operator’s masks and
how their algorithms were applied on the image were discussed in detail.

Test scenarios for different operators were shown using different types of
samples. Finally, improvement and recommendations for this project were

mentioned in the final stage of this report.

5.2 Critical Appraisal:-

The execution of this project was passed through five stages: input, output,
edge detecting, thresholding and testing. A number of problems and difficulties
were faced at each stage. The main problem at the input was reading the image
where the program will ignore some lines in the image and store the rest. While
at the output the main difficulty was displaying the image using xv program.

These two problems were solved after some training in using xv and dealing with
input /output file processes. In edge detection there were two problems, the

first problem was understanding the algorithms of each operator since some of

them have a mask of 2x2 cells while the others have a mask of 3x3 cells.

www.maknoon.com 27




The second problem was the protection in the user interface options, since all the
options are numbers and the program will crash if the user enters a character instead of a
number, however those two problems were solved after doing some testing using
different techniques. The problem with thresholding was in entering the threshold value
where the program will crash in case the user inters a float number or a character instead
of an integer number. Finally in the testing stage, is has been found that some images
after converting them to PGM were not giving the appropriate output as expected.

Unfortunately we couldn’t solve these two problems due to time limitation.

5.3 Applications:-

There are a lot of applications where edge detection can be used on such as:
- Eye Retina Scanner (i.e. Field of Medicine)
- Digital Art Programs (i.e. Photoshop....etc)
- Landscape Scanner (i.e. Used by geographers)

- Caesar Radar

5.4 Recommendations:-

There are a lot of recommendations that can be applied to this project to make it more
effective such as:

- GUI (i.e. Graphical User Interface)

- Auto thresholding using the Mean & Median values

- Thinning (Which is defined as the operation that tides up edge detected images

by reducing the lines thickness to one pixel).
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