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SUMMARY

Images play an important role in the organization of our society. Most
media (e.g. newspapers, TV, cinema) use pictures (still or moving) as
information carriers. The tremendous volume of optical information and the
need for its processing and transmission paved the way to image processing by
digital computers. The relevant efforts started around 1964 at the Jet Propulsion
Laboratory (Pasadena, California) and concerned the digital processing of
satellite images coming from the moon. Soon, a new branch of science called
digital image processing emerged.

Since then, it has exhibited a tremendous growth and created an
important technological impact in several areas, e.g. in telecommunications,
TV broadcasting, industry, medical imaging, GIS, remote sensing and scientific
research.

But images are often deteriorated by noise due to various sources of
interference and other phenomena that affect the measurement processes in
imaging and data acquisition systems.

Image filtering techniques are mathematical techniques that are aimed at
realizing improvement in the quality of a given image. The result is another
image that demonstrates certain features in a manner that is better in some
sense as compared to their appearance in the original image. One may also
derive or compute multiple processed versions of the original image, each
presenting a selected feature in an enhanced appearance.

Simple image filtering techniques are developed and applied in an ad
hoc manner. Advanced techniques that are optimized with reference to certain
specific requirement and objective criteria are also available. Although most
filtering techniques are applied with the aim of generating improved images for
use by a human observer, some techniques are used to derive images that are
meant for use by a subsequent algorithm for computer processing.

If used inappropriately, filtering techniques themselves may increase
noise while improving contrast, they may eliminate small details and edge .

sharpness while improving noise, and they may produce artifacts in general.



We need to be cautious to avoid these pitfalls in the pursuit of the best possible
enhanced 1mage.

In this thesis we propose a suggestion algorithm for filtering noisy
images using the definition of Markov chains and apply this algorithm on
different equations. Some of them are depending on two pixels of the target
pixel's neighbor and the others depending on three pixels. Also we compare
between the two pixels techniques and the three pixels techniques by using
MSE (Mean Square Error).

We apply all these techniques on different images, some of them in
MATLAB and the others are medical images (x-ray images). But the medical
images to be available for processing we must convert them to bitmap images
by using scanners and then convert all of these images to matrices of data.

The thesis comprises six chapters, in the first chapter we introduce some
important definitions for image processing including how the image is formed,
sampled and quantized what are the types of images and the measurements for
the image quality. Finally we introduce some basic operations.

In chapter two we introduce some former techniques for image filtering -
beginning with convolution technique pass through low pass, average, high
pass techniques and a new technique for low pass depending on four pixels,
and finishing this chapter by introducing some nonlinear techniques such as
median, weighted median and out-range filters.

In chapter three we introduce five methods of filtering depending on two
pixels of the target pixel's neighborhood and mention their required
computations and algorithms and finally we implement the algorithm for each
method on some noisy images and show the result.

In chapter four we introduce five methods of filtering depending on
three pixels of the target pixel's neighborhood and mention their required
computations and algorithms and also we implement the algorithm for each
method on some other noisy images and show the result.

In chapter five we compare between two and three pixels techniques by

using MSE to detect the best one of them. At the end of this chapter we




of

compare between one of the three pixels technique and some former
techniques.
Finally, we summarize our findings in chapter six and introduce

headlines for suggestion of the future work.

11






CONTENTS

Chapter 1 Image Processing fundamentals

2 B ipiele (o

1-2 Types Of Images............ooooeiiviiiee e

1= HTTSGE PO <o st v s vrm e e m s s e s

o BE i L

-3-2 Monochrome vision model ...

1-4 Image Sampling and Quantization..................................

1-5 Image Fidelity Criteria ................ccooooeeeeeoe e

1-6 Basic Digital Image Processing Operations.........................

160 IntrOdUCHON s voe s s

1-6-2 Image Histogram...............ccooovuueioeee e

1-6-3 Linear Point Operations On Images.............c....ooovveovvii .l
1-6-3-1 Additive Image OffSet..................oooovooro o

1-6-3-2 Multiplicative Image Scaling...............cccoccoovvvi..

1-6-3-3 Image Negative ..............cooocceeiveiiiii

1-6-3-4 Full Scale Histogram Stretch................................
1-6-4 Nonlinear Point Operations On Images.............................-
1-6-4-1 Logarithmic point operations..................................

1-6-4-2 Histogram Equalization........................................

1-6-5 Geometric image operations.........................cccoo

1-6-5-1 Image Translation.................cccoooiev o

1-6-5-2 Image Rotation.................ccooooieioii.

1-6-5-3 Image Zoom

Chapter 2 Image Filtering.............cc.ccu......
2-1 Introduction...............

2-2 Digital Convolution Filter............................................

2-3 Low-Pass Spatial Filter..............

OO O Y Lt A W NN =

o I o I o o T L e o T e e
~N B WO = O O W e -] Oyt B W e

v




2-3-1 Average Spatial FIMers....o. oo i i o e s s ssies
2-4 High-Pass Spatial Filters...............cco oo iiiii i,
2-5 The New 4 Pixel Approach To The Design Of Low Pass

L N e DS B SR
2-6 Nonlinear Filters

2-6-1 The Median FilBr......... oot i s s ssint ar san e

2-6-2 The Weighted Median Filter... ..........cooovvevieeiencennnn.

2-6-3 The Oatrange BIer . o i e sn el s
2-7 Markov Chains And Our Work....................

Chapter 3 The New Two Pixels Approach To The Design
Of Filters
Bt ITOUUICHON. .. e 5o min v smmmssinis oot s s in 80850 085 A

32 The First TeChNIQUE i . oo visnsdions cosmas somsvsves shedin soalisasass
3-2-1 Introductlon
3-2-2 Required Computalions. .. ......coiciiiiieis sanmi cv ciasmsamnmas
3-2-3 The First Filtering Technique Algorithm............................
24 IFPIETNETEONT. . s v s sl s o B e e A

30 1he Second TeChNIGUE .. ... ccsocoisiiis s i vvonssnisos irsws wissbaiks
B3] IOOAUCHON, «. o cn crsmssmnwnemrsmnymnns pamsmmn wrs ms oy was msme RS
3-3-2 Requirad COMPUBIONS ... ... coouiiaaiaesasins sisionsmaives ssatssuvuss s
3-3-3 The Second Filtering Technique Algorithm.......................
BB Ml NLARIO N it e s st s siomlos s s ey e

24 The Thitd TeCIIQUE... ... coxvsems sesinesnssnssnsssniss s 5o sy sas 5o
D ITHPOTICIION, <. comommsnssnsmnssssimmss ke s paisiss s s S st A s e
3:24-2 Required COMPUBHONS. i vt s
3-4-3 The Third Filtering technique Algorithm ................co.oool
S-4-4 IMPIeMEBMAUDI ... civiiavisin siivassanansavonssssviss ddsmnaiisn sans

3-5 The Fourth Technique... ..........co oo iie e e e e e
D1 IMPOTUCHON . o i s s hissibie st s woibs s s s sk
3-5-2 Required COMPULBHBI . e vnsiseeon s il srhas sins e R RS R e
3-5-3 The Fourth Filtering Technique Algorithm.........................
Bobed IMPIENIEMEHON . oo i v s sl A s e

3-6 The Fifth TEChNIQUE... ... ... oot e e e e

BB IO OUCHON s s s o e S A e

28
29

30

32
32
34
35
36

el
b |

37
3
37

40
40
40
42
42
43
45
45
45
46
47
47
47
49
49
50
50
50




