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_______________________________________________________________________________________    

Abstract 

Context: We identify a material or thing that can be seen and touched in the world as having structures at 
both coarser and finer levels of scale. Scaling problem presents in a branch of science concerned with the 
description, prediction understanding of natural phenomena and visual arts. A moon, for instance, may 
appear as having a roughly round shape is much larger than stars when seen from the earth. In the closer 
look, the moon is much smaller than the stars. The fact that objects in the world appear in different ways 
depending upon the scale of observation has important implications when analysing measured data, such 
as images, with automatic methods [1]. The type of information we are seeking from a one-dimensional 
signal or two-dimensional image is only possible when we have the right amount of scale for the structure 
of an image or signal data. In many modern applications, the right scale need not be obvious at all, and we 
all need a complete mathematical analysis on this scaling problem. This thesis is shown how a 
mathematical theory is formulated when data or signal is describing at different scales. 

Objectives: The subtle patterns deforming in data that can foretell of a scaling problem? The main 
objectives of this thesis are to address the dynamic scaling pattern problem in computers and study the 
different methods, described in the latest issue of Science, are designed to identify the patterns in data. 

Method: The research methodology used in this thesis is the Fractional Fourier Transform. To recognize 
the pattern for a different level of scale to one or many components, we take the position and size of the 
object and perform the transform operation in any transform angle and deform the component by 
changing to another angle which influences the frequency, phase, and magnitude.   

Results: We show that manipulation of Fractional Fourier transform can be used as a pattern recognition 
system. The introduced model has the flexibility to encode patterns to both time and frequency domain. 
We present a detailed structure of a dynamic pattern scaling problem. Furthermore, we show successful 
recognition results even though one or many components deformed to different levels using one-
dimensional and two-dimensional patterns.  

Conclusions: The proposed algorithm FrFT has shown some advantages over traditional FFT due to its 
competitive performance in studying the pattern changes. This research work investigated that simulating 
the dynamic pattern scaling problem using FrFT. The Fractional Fourier transform does not do the scaling. 
Manipulating the Fractional Fourier transform can be helpful in perceiving the pattern changes. We cannot 
control the deformation but changing the parameters allow us to see what is happening in time and 
frequency domain. 

Keywords: Dynamic scaling, Fractional Fourier transform, Fourier transform, pattern recognition, signal 
and image change detection. 
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Chapter1     

   Introduction 
1.1 Overview of Scaling Problem: 

We humans are excellent in at finding patterns in visual data. Usually a pattern is a combination of one or 
many components depending on our consideration; when any component of the pattern changes its size 
while the remaining components are same as before, we call it as a dynamic pattern scaling problem. Let 
us assume a two-component pattern and when it is subjected to scaling the both components are not 
having the normal or natural form or any one of the component changes its size to bigger or smaller than 
the original component and the other component remains same as original component. Any shape, 
pattern or form can easily be recognized by humans, even the pattern is partially deformed or scaled. 
However, the computers have tremendous difficulty to achieve such performance which looks easy to us. 
Pattern are manifesting in different dimensions as a sound signal, an image or a video. The recognition of 
pattern changes in a signal and an image are the core problem of this thesis. 

The main thing we are discussing here is dynamic pattern scaling problem which is a kind of pattern 
deforming. A pattern can have one or many sub patterns (components) which differ in different scales. 
This component changing can be perceived by humans which is notified as a derived pattern; something 
the computer is not able to achieve. The computer cannot perform as humans do. 

It depends on how we see the pattern which either it is a complex or a simple pattern. The complexity in 
the pattern can be described by number and property of the components and their relations to each 
other. Let us assume a round shaped object (e.g. a ball or watermelon) as a pattern which can be different 
things. Even though small or big changes of this pattern still looks round even when it does not have the 
exact roundness. Human brain is trained to perceive the abstract of the pattern. Another example is when 
we see facial characteristics of human; e.g. lips, nose, eyes of different persons, still brain manage to 
perceive despite any form and size changes.   

Let us consider a one-dimensional signal. Figure 1.1 shows on the left the signal x(t) which has a triangle 
pattern. The problem or complexity with that triangle is how we see the triangle as a pattern with the 
components. We can consider it as a one component or two components based on our perception. If the 
two components are not changing linearly and produces a difference in terms of scaling between each 
component or one component is increasing its points with respect to time and the other component 
remains.  This component change can be understood by humans and the computer has a problem in 
figuring them as a pattern. 

Similarly, when it comes to real life daily activities of people we can perceive some pattern changes when 
the people are performing a kind of hand gestures like moving hands from one point to another point. If 
we consider the Gym training centre the coach is responsible to show what is the pattern of lifting weights 
or doing some other activities. If in any case during lifting weights the hands of an individual is not 
parallelly doing the same thing i.e., if one hand is moving at a normal speed while the other hand is doing 
the same thing either little slow to normal one or little faster to normal one, then the component of the 
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pattern is changing. The trainee can notice and make sure the individual to rectify the mistake what he is 
doing. Hence it is quite hard for a machine to analyse the changes as humans do. 

A very general case of scaling is zooming and shrinking. Assume we have the triangle signal x(t); shown in 
Figure 1.1, which is deformed by interpolation and decimation with a scale factor of 2 and 0.5 respectively. 
In other words, the signal is scaled to two different levels and producing the same form of triangle pattern 
in stretched version and compressed version. Now, it is easy to recognize the pattern by humans, even 
though the signal is scaled to some extent. Computers do understand this scaling as they have methods to 
understand the phenomenon. However, this is not a dynamic scaling problem where each component is 
changed at different scale. 

 

Fig 1.1 One-dimensional signal and its constant scaled version 
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                                                             Fig 1.2.1 Pattern of a sunflower image                       

 

                                                     

Fig 1.2.2 Deformed pattern of a sunflower image  

               Fig 1.2 pattern changes for a two-dimensional image                                          

Let us assume Fig 1.2.1 acts as a reference pattern which has two components based on our assumption. 
One can wish to see it as a single component pattern based on their perception. For easy understanding 
we assume it as a two-component pattern, where head is considered as one component and petals are to 
be considered as another component. From Fig 1.2.2 the head part of the sunflower deformed to certain 
level and the petals are also scaled to a level. The two components of the sunflower pattern are different 
but still they can easily be understood by us; still recognize it as a sunflower with a head and petals. We 
are good in recognizing the pattern changes based on how components are changing with respect to one 
another.  The computers are failing to achieve such performance in observing the pattern changes.   
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In general, if images are captured from several objects of the same kind then we can still clearly recognize 
the object. Hence humans can clearly recognize the pattern even its components are deformed to 
different levels. 

1.2 Scaling problem in relation to Pattern recognition:  

A pattern can generally be considered to have sub-patterns which we call them pattern components. A 
pattern still can be perceived even one or any of its components is scaled differently in relation to the 
other components. Dynamic Pattern scaling problem arises when the overall shape of the pattern is 
changed and still it is perceived as the same pattern. In the thesis we study this pattern changes; which we 
call it the scaling problem (SP). The Fractional Fourier Transform (FrFT) is studied in relation to the SP. This 
is due to the flexibility of the FrFT in monitoring the changes of a phenomena [3]. 

The pattern changes as constant SP occur by performing the operations like interpolation and decimation 
of the pattern; e.g. a signal or an image. This is resulting in stretching or compressing of the signal where 
the amount of scaling is constant for all components (i.e. even all points of the pattern). The popular pyramid 
of a signal or an image use a family of derived patterns meant to represent the original signal at various 
levels of scale [1]. Each member of the family is associated with a constant value of scale parameter. There 
are many methods to identify this scaling effect whereas the dynamic scaling is difficult to be identified by 
computer means.  

There are more general cases like magnifying the image using specific lens which is also an example of 
special case of scaling problem. From the Fig 1.3 the two-dimensional image, a bigger or smaller image of 
original image can be seen using specific lenses depending on their focal lengths. Now if the scaling is done 
on larger amounts by processing it to an extent where the image is stretched or compressed by 
performing operations like up sampling or down sampling [2]. This scaling problem can be understanding 
by computer as there are many methods to perform these operations as they undergo the same operation 
and all the parts of an image are scaled to a same extent.  

In case of stretching we change the points in different ways in which the points are not actually in the 
same sizes. That means the components are varying with each other in a different scale. In that case it 
looks like dynamic pattern scaling problem. 
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1.3 Two-dimensional signal and its constant scaled version 

Similarly, for three- dimensional like video which is drawn between time and video frames where we can 
perceive the pattern scaling problem; when the time of the video is fast forwarding or slowing down. The 
same follows for the four dimensional which is drawn between a time and the real world.  

The identification and recognition of a pattern; in relation to the pattern changes in SP, is of high 
importance in many current applications such as diffraction pattern [4], disease surveillance [5], 
geographical information [5], data compression [6], remote sensing [7] etc. The SP can be of one-
dimensional, two-dimensional, or multi-dimensional.  

This management of different sense organs allow humans to extract the meaningful and rightful 
information the original signals and the perceived signals is done at each stage of organization of the 
sensory organs. In day to day life vision is one of our main sources of information about the outside world. 
Compared to sense like hearing the visual sense gives detailed description of the world. Compared to 
sense like touch, it allows us to gather information about objects at greater distance and without affecting 
the objects themselves physically. Hearing has an equal importance in sensing an object. Sound spread 
through within us and grants us access to alternate states of consciousness which we would be very lost 
without. If you have never seen an object making complimentary information of the material either soft or 
hard touching could sense what kind of material it is.  Similarly, Smell, Taste all of these are playing a 
crucial role in sensing an object. Thus, different sources of information (sensory, emotional, abstract, 
biographical) are aggregated together to form a high-level image, yet all the senses have equal importance 
we only can combine them and find the pattern. Hence, we humans can recognize the pattern changes of 
any real-world things.  

Computer views this pattern scaling problem computationally, it solves this kind of problems by extracting 
meaningful and useful information from multi-dimensional aspects like sound, visual data, real world 
things etc., This useful data dependent on aim of the analysis, i.e. why we want to use visual information 
and process it automatically. One reason for this can be to provide machine and robots with ability of 
perception. The task which can be solved for example recognizing objects [1], object manipulation [1][2] 
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and visually guided navigation [1]. The problem of identification of object from complex scenes is one of 
the most tangled problem in the field, like scape exploration where the preloaded images of the stars are 
compared with the images taken at a specific position using rocket and control the rocket operation by 
using the references of the images. Furthermore, the pattern recognition also includes in various aspects 
like analysis of medical data [3], remote sensing [7], data compression [6].  

1.3 Problem Description 

With the vast knowledge and advancements in signal analysis when presented with a signal the 
identification of change of overall shape or form of a signal is often of high importance and dynamic 
pattern scaling problem is of one such kind. This problem occurs when the component or parts of the 
pattern (the components) are changing to different levels. The study of these pattern changes is difficult 
for a computer or a machine.  

To study the pattern changes we consider simple one and two-dimensional patterns and make some 
changes to the patterns in time and frequency domain and monitor their changes in respective domains. 
To study such problems using traditional Fourier Transform (FT) methods is not a superior approach. 
Because, it just let us look for the same data in another domain (i.e., from time to frequency or vice-versa). 

1.4 Motivation: 

Patterns that might not be transparent to a computer but could be transparent to the human eye and 
human intelligence is the most addressable problem in recent science. The main aim of this thesis is to 
provide a scaling phenomenon for identifying the pattern for various signals like one-dimensional (from 
ECG data), two-dimensional geographical information signals (from satellite images) etc. In this thesis we 
propose a new study “The operation of Fractional Fourier Transform (FrFT) “for generating visualizations 
of the deformed components for meaningful pattern changes. The Fractional Fourier transform is doing 
the same operation as like Fourier transform but the only difference is the resolution in the time is looking 
at the details of one-dimensional or spatial is much more detailed than traditional Fourier transform. The 
fractional angle linearly varies with the fractional order. Manipulating the fractional Fourier transform by 
changing the fractional order produces a change in fractional angle; which simultaneously changes the 
magnitude, frequency and phase of the transform function; which apparently produces the change in the 
patterns that can be easily understand. The angle we try to represent in frequency domain and when we 
pick it back to time domain by changing the angle can greatly helpful in studying the pattern changes. This 
is more alike going from one door and coming back from another door. 

1.5 Outline: 

This thesis is structure as follows 

Chapter 1: Outlines the important concepts helpful in understanding this thesis. 

Chapter 2: Presents the related work. 

Chapter 3: Describes in detail, the methodology of implementation and evaluation of the solution. 

Chapter 4: Provide the results of the evaluation along with analysis and discussions. 

Chapter 5: Provides the conclusion and future work of this thesis work. 
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1.6 Scope of Fractional Fourier transform in object recognition: 

Fractional Fourier transform is helping in many areas which regain control over the data by transforming 
the function into any intermediate domain between time and frequency. Some of the applications in 
which Fractional Fourier transform helps in providing the complete control and regain the data are  

1. Optics   
2. Robotics  
3. Image denoising 

 
1.7 Research Questions 

1. How a scaling problem is related to one-dimension, two-dimensions and more dimensions? 
2. Is it possible to make a scaling without changing the form of a signal? Can we control the scaling 

amount? 
3. Can we use Fractional Fourier transform to simulate the scaling problem properties with one-

dimension, two-dimension and more dimensions? 
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Chapter 2_________________________________________________________________________ 

                                                                                           Related work 
 

In this thesis we focused on pattern perception. Why are humans better at recognizing patterns and why 
computers not? Humans have memory, higher intelligence, creativity, attention; whereas computers are 
devices that can be instructed. We consider the process we call pattern recognition. By this we mean the 
identification of pattern changes. What we are interested in is simulating this process on digital 
computers.  First, it is the kind of thing that brains seem to do very well. Secondly, it is the kind of thing 
that computing machines do not do very well, and finally it is a productive problem;  “In the real world 
when we are trying to recognize all of the objects in [8] particular scene that we are perceiving at any 
given moment, the objects aren’t cleanly presented to us against a white background with none 
overlapping with the others,” Phoenix says. “Disambiguating which contours belong to which objects is 
an example of something that is very easy for our brains but has historically been next to impossible for 
computers.”  

There is a whole world of textual data contained in images that computers are unable to understand, 
which could benefit from this work. It may be, for example, that this technology could allow for the 
intelligent automated reading of X-rays, where a computer could pick up on information that may 
otherwise be missed by doctors. “In the long run we’re trying to create systems that can think and 
learn like the human brain,” Phoenix continues. “Anything that a brain can do, our system should be 
able to do as well. ”it allows us to study certain processes in identifying the pattern, such as dynamic 
pattern scaling problem where different components of the pattern deform in different levels.  

Dynamic scaling of various pattern occurs in many applications and has become an interesting field of 
research. According to Jean Laroche and et. most commercial implementations of time scaling (or pitch 
Shifting) use time-domain-based techniques to deal with scaling effects [1]. These methods are attractive 
for their relatively low computational cost and because they yield good results in some special cases of 
interest. They also discussed that using frequency-domain-based approaches are more computationally 
demanding on the related problems.  

The very general scaling problem is the constant scaling where every component of the pattern is scaled to 
some extent. This problem has been discussed in many studies [1]. The problem is a special case of the 
dynamic pattern scaling problem. The popular pyramid of a signal or an image use a family of derived 
patterns meant to represent the original signal at various levels of scale, thus deformation of the signal still 
can be perceived as a pattern [1]; the use of constant scaled visual information has been shown useful in 
pattern processing in automatic systems. In machine vision, it is desired to provide machines and robots 
with visual abilities where the typical tasks are object recognition and object manipulation [1].  

The problem of recognizing objects from complex senses is generally regarded as one of the more 
complicated problems in the field. The dynamic pattern scaling problem is investigated by many methods 
such as Fourier transform [10]. The Fourier transform transforms for example the information from time 
or spatial domain to the frequency domain; It is interested to know how the pattern in one domain 
behaves in another domain as far as the Fourier transforms contains the information about the frequency 
changes of the components of a pattern. Ozaktas and et. Mentions that the Fourier transform is about 
converting any simple or complex pattern into the simple basis waves of which it is composed. In Fourier 
transform, one type of signal is converted to another type containing the same information in different 
form which later can be converted back to the original domain.  
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In this thesis we concerned more about the pattern changes of signal or an image instead of their content 
information. Another approach of the Fractional Fourier transform (FrFT) analyses the signal or an image 
by transforming them into a domain between time and frequency [11]. The FrFT fractionalization gives us 
a new degree of freedom (the fractional order) which can be used for more complete characterization of a 
pattern (e.g. a signal or an image). According to Tatiana Alieva and et. [9] nowadays the Fractionalism 
plays an important role in information processing e.g. in optics [10] [14] and quantum mechanics [9].  

As far as the FrFT has certain parameters which can be changed makes it a flexible method to study the 
pattern behaviour from one domain to another domain; e.g. the FrFT depends on a parameter  which is 
interpreted as a rotation ability by an angle  in relation of time-frequency plane [2]. Another parameter 
which contributes to the flexibility is angle -  in inverse of FrFT. Ozaktas and et. [5] proposed the Discrete 
Fractional Fourier transform (DFrFT) method by introducing scaling process. All these methods in one or 
another way are dealing with pattern monitoring. There is still a need to study further to find and 
implement new method in which we can deal with the scaling problem and maybe use the flexibility of 
such mentioned methods. 
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Chapter 3_________________________________________________________________________ 

                                                                                          Methodology 
3.1 Overview of background methods 

The Fourier transform (FT) is a popular signal processing tool [10]. For a given signal, the FT enables us to 
analyze the frequency contents and has lots of applications. If the signal components are not fully 
separable in the frequency domain, the fractional Fourier transform (FrFT), which is defined as the 
fractional order of the FT, can be useful [15]. In this case the signal is transformed to the domain between 
time and frequency, where different components are separable and scaled to different sizes. 

3.1.1 Fourier Transform: 
 
The Fourier transform is one of the most important mathematical tool used in linear system theory [2], 
optical information processing [14], and some other areas. The Fourier transform (FT) decomposes 
a function of time (a signal) into the frequencies. The Fourier transform is called the frequency domain 
representation of the original signal. The Fourier transform is a function of time itself a complex valued 
function of frequency whose absolute value represents the amount of that frequency present in the 
original function and whose complex argument is the phase offset in that frequency [1]. In general, we use 
Fourier transform method as a core task to analyze the changes in signals in frequency domain.  
The use of Fourier transform has the following advantage: one can cut off the transformed signal above a 
certain frequency which be a simple denoising process. The pattern associated to a sine wave of a fixed 
frequency  is a delta peak  (in an ideal case without noise). It is evident that the error tolerance does 
not depend on the absolute value of the frequency  but rather on the frequency difference of the 
perturbation and the pattern to be identified. 
 
Everything is okay with Fourier transform mathematically, but implying it practically is not that okay. 
Because this transform, already assumes that the signal is continuous, smooth and happening that runs 
from  to . Whereas in real life neither of the three criteria is fulfilled. We always have a piece of 
rough and discontinuous signal. The tricky part is determining what is sufficient and that comes down to 
things like human visual and audio perception, and how much error can we tolerate before noticing drastic 
degradations in signal quality. A Fourier Transform does not create or destroy any information. It just lets 
you look at the same data in another light, as it were. That is the signal we have is expressed in frequency 
domain as same data of the signal. The time information content of signal cannot be recovered. So, the 
transformed signal in frequency domain gives frequency value only. All we can tell from Fourier analysis is 
that a signal has several distinct frequency components. In other words, we can comment on 
what happens a signal, not when it happens. Hence, we need more views and information to analyze the 
signal by transforming the signal into domain between time and frequency, Fractional Fourier transform 
(FrFT) can be utilized in studying under such conditions. 
 
The Fourier transformation records the assembly of the frequencies of a signal that happened during a 
certain time. The inverse Fourier transform of course, does the reverse; Taking all the frequency records 
together it reconstructs the total signal as it occurred during the observing time. 

  
                                       ( ) =               (3.1) 
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                                ( ) =   ( )         (3.2) 
 
The eq 4,1 and 4.2 describing the Fourier transform and its inverse Fourier transform.  
 
The sound equaliser in digital audio player basically uses Fourier transform to determine which sounds to 
amplify (bass/treble etc.). 

3.1.2 Fractional Fourier Transform:  
 
The Fractional Fourier transform (FrFT), which is a generalization of an ordinary Fourier transform with an 
additional parameter  that can be interpreted as a rotational angle in the phase plane. Changing the 
additional parameter  we can parallelly observe a change in frequency, magnitude and phase of a 
transform function. So, changing a fractional order  allow us to perceive what is happening with the 
sound signal, image, video etc.,  
 
The fractional Fourier transform has found many applications in the solution of quantum optics [14], optical 
diffraction theory [10], optical beam propagation [10], optical systems [11], optical signal processing [9], 
time- frequency distributions [2].  
 
In time-frequency representations, one normally uses a plane with two orthogonal axes corresponding to 
time and frequency. If we consider a signal ( ) represented along the time axis and its Fourier transform ( ) represented along the frequency axis, we can view the Fourier transform operator which we shall 
designate by , as a change in the representation of the signal corresponding to a counterclockwise axis 
rotation of 2 rad. This is consistent with the result of the repeated application of the  operator.  
     ( ) = ( )                (3.3) [13] 
The two successive rotations of  2 of the   axis result in an axis directed along  .  
 
In this context, one may ask which linear operator would correspond to a rotation by an angle   that is 
not a multiple of  2, or equivalently, what would be a representation of signal along an axis  1  2 (Fig 4.1) making an angle  with the time axis. Let us assume, for the moment, that such an 
operator exists, and let us represent it by . This operator should have the following properties: 
 

1) Zero rotation:    =  4.2    (3.4) 
2) Consistency with Fourier transform =      (3.5) 
3) Additivity of rotations  + =    (3.6) 
4) 2  rotation    =     (3.7) 

Note that property 4 is a consequence of properties 2 and 3 and of the fact that four successive 
applications of the Fourier transform correspond to the identity operator. 
    
   =  ( ) =  =      (3.8) 
The FrFT, which has these properties, is defined by means of the transformation kernel. 
The FrFT is first defined by the eigenvalues  and the eigen functions of the Fourier transform. 
The  power of conventional Fourier transform is called fractional Fourier transform. It is denoted as [ ( , )].  The necessary principles that FrFT should fulfill are one is when ‘ ’ becomes 1 it should 
behave as ordinary Fourier transform and the second principle is [ ( , )] = [ ( , )]. [3] 
 
                                                          [ ( )] = ( )     (3.9) 
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                         = ( )     (3.91) [3] 

 The angle parameter associated with the FRFT is given as:                                                                     
                                                                     =       (3.92) 
 
When = 0 , the FRFT becomes identity operator, and for = 2 ( = 1)  , the FrFT becomes Fourier 
transform (FT). Similarly, for = ( = 2)   FrFT behaves as an inverse operator, and for =3 2 ( = 3) , the expression converts into an inverse FT,  
 
Where,   is the fractional angle  
                 is the scaling factor 
          

 

                                                                                                                                                                                                                                                                                                                                                                    

  

 

                                                                                                                                                     a = 0     

                                                                                                                          Time                     0’ 

 

                                                                                               a = 3 

                                                                                               270’ 

                                                                  Fig 3.1 FrFT in time-frequency plane 

The scaling property, although somewhat complex, is important since it shows the effect of a change of 
units (or a scaling) of the independent variable ( ). In the classical Fourier transform, the effect of such a 
change is only a corresponding change of units (or scaling) of the frequency variable and a scaling of the 
amplitude. In the FrFT, the effects are a scaling of the 1 variable by sin sin  , amplitude scaling, a 
product by a chirp, and most important, a change in the angle at which we compute the transform from  
to  = tan tan . This angle change can be understood if we think of contracting the time axis, in 
the time frequency plane by a fractional order . As we know from the classical Fourier transform, we will 
then also have to expand the frequency axis by . With these two operations, the axis along which were 
computing the transform, which was originally at an angle  with the time axis, will move to a new 
position at the angle . This angle change simultaneously produces a change in frequency, magnitude and 
phase of the transform function; which ultimately lead us to observe what is happening with the angle 
change in time domain; as we are picking the pattern back with change in angle lead us to understand the 
pattern changes. 
 
In signal processing, cross-correlation is a measure of similarity of two waveforms as a function of a time 
lag or time shift applied to one of them. The cross-correlation theorem for the FrFT is given as follows [2]. 

                                                                                                            90’ 

                                                                                  Frequency a=1 

                                         a=2 

                                        180’ 



[20] 
 

Let ( ) be defined as weighted cross-correlation of two functions ( ) and ( ), and ( ), ( ), 
and , ( ), be defined as FrFT of ( ) , ( ) , and ( ), respectively. Then, 
 
       ( ) =  ( ) ( + ) ( ){( ) }  , ( )    (3.93) [3] 
            

        = ( ) ( )                               (3.94) 

 
FrFT planes are composed of information of both the time domain and frequency domain characteristics 
of the input function. Here we use FrFT to find the pattern changes or component scaling with respect to 
input function in frequency domain. Fractional Fourier transform is applicable on various signal analysis 
Consistent with  two principles of FrFT  [ ( , )] may be defined for integer  as that operation which 
when applied  times gives the first (conventional) Fourier transform It is now possible to define Fourier 
transforms of rational order [ ( , )]repeated application of the operator [ ( , )] for  times. 
The definition can be generalized to real orders by a limiting process. The tasks of pattern detection and 
recognition are mostly related to one-dimensional and two-dimensional signals (images). It is also, possible 
to choose different fractional angles for the two orthogonal axes and thus to better control the shift 
variance. It is actually a pretty good tool to solve fractional differential equations, especially discrete time 
fractional Fourier (DFrFT) [5][12][13] it is a very powerful technique for signal and image processing, object 
identification [1] etc., 
 
3.2 Differences between FFT and FrFT: 
 
The Fourier transform is essentially an integral over time. Thus, we lose all information that varies with 
time [3]. However, any signal is interesting as a sequence in time. The Fourier transform is an obfuscation 
rather than a recovery of information. For many signals, the information you are looking for is contained in 
the sequence of time an overall Fourier transformation hides those further under the surface than they 
were before. Although time-frequency analysis methods can be used to analyse signals, the frequency 
features change with analysis time, making it difficult to meaningfully interpret frequency features 
[2]. Therefore, this study proposes an interesting frequency domain approach technique Fractional Fourier 
Transform (FrFT) which can transform a function to any intermediate domain between time and frequency 
which is used for wide applications in signal analysis. FrFT corresponds to a representation of the signal on 
the orthonormal basis formed by chirps, which are essentially shifted versions of one another. Here we 
use FrFT to find the pattern changes of a signal, an image or video. It can be applied on real data like one-
dimensional signals (ECG data), two-dimensional Geographical information signals (Satellite images) [3].  
                
3.3 Pattern identification using FrFT: 
 

In this work we propose an algorithm for studying dynamic pattern scaling problem by changing the 
parameters of the proposed algorithm. We get the pattern by impact of one-dimensional signal or two-
dimensional image. when we have the signal or an image then we need to be able to deform the details of 
component. To do that the Fractional Fourier transform (FrFT) can probably be able to do this (component 
changes) because it has a tool which keeps us the possibility to play the idea to scale the part of one 
component to the other component. The angle change can change the form of one component.   

Object perception is possible through computation of the fractional Fourier transform. In FrFT if we compute 
the transform at an angle  in the time-frequency plane and see what happens in frequency domain using 
FrFT which behaves like ordinary Fourier transform but the only difference is the resolution in the time is 
looking at the details of one-dimensional or spatial is much more detailed than traditional Fourier transform. 
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So, manipulating the Fractional Fourier transform i.e., the angle we try to represent for visualizing the 
pattern in frequency domain and when we pick it back we represent from another angle  to see the pattern 
changes. So, changing an angle results in obtaining the periodicity which in turn helps in finding the original 
signal or recognizing the pattern. This is going through one angle and retrieving the information in another 
angle.  
 
3.4 Statistical approach: 
 
Initially detect the change regions on various inputs with the help of Fractional Fourier Transform (FrFT) with 
changing values of ‘ ’. So, changing  value results in change in angle  which simultaneously changes the 
magnitude, phase and frequency. So, to find optimal value of ‘ ’ the optimal fractional Fourier domain to 
be applied, and simply test all fractional Fourier domains in [0, f) at fixed resolution and pick the one that 
results which will be a proper scaling factor for the given input. 
 
3.5 Computer Simulation: 
This task is performed with various values of ‘ ’ that simultaneously changes the angle which ultimately 
deform the components. This is possible by doing manipulation to Fractional Fourier transform which has 
an ability to deform the parts of the pattern but still it can be called as a pattern. Simulation results validate 
analysis and derived results on MATLAB 
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Chapter 4_________________________________________________________________________ 

                                                                                   Results & Analysis 
4.1: Data Generation:In the process of observing the pattern changes we have generated a Sine wave, an 
image and a computer-generated image. The studied methods are being tested to identify the pattern 
changes by deforming the components to different sizes with the flexibility of the method. 

4.2 Sine wave: Create a sine wave with an amplitude of 1 volt, sampling frequency of 100 Hz, simulation 
time of 1 second and sine wave frequency of 5 Hz using MATLAB. The task is the following: The sine wave 
of frequency 5 Hz is encoded as a pattern. It is to decide whether an obtain sine wave is recognized as the 
encoded one with a level of deformation and obey all the properties of FrFT. According to our scheme, the 
corresponding FFT and FrFT transforms the pattern; which are associated with the sine wave signal.  

Code for creating a sine wave: 

clc;
clear all;
close all;
fs=100;
t=0:1/fs:1;
a=1.5;
L=1000;
x1 = sin(2*pi*5*t);
x=x1;
fig=figure,plot(x');
xlabel('time in seconds')
ylabel('Amplitude in volts')
title('Sinusoidal signal')

  

                                                                 Fig 4.1 one-dimensional Sine wave    

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

Time in seconds

-1

-0.8

-0.6

-0.4

-0.2

0

0.2

0.4

0.6

0.8

1

A
m

pl
itu

de
 in

 v
ol

ts

Sinusoidal signal



[23] 
 

The sine wave is typically used in reconstruction and recognition which is an important consideration. The 
sine wave function block operates in time-based method which is subjected to perform the transform 
operation to see what happens with the pattern in time and frequency domain.    

Results: 
4.2.1 Pattern study for one-dimensional signal: 
From Fig 5.1.1 a,b,c,d represents the Fourier and Fractional Fourier transforms of the input signals through 
different transform angle. In Fourier transform the sine wave expressed the same data in frequency-domain 
with a bunch of side lobes which are actually called as noise. To go back to the original domain the data 
should be filtered and inverse the transform. In signal processing, a very important and common activity is 
applying filters to signals, for instance, to enhance certain elements of the signal or to reduce noise. It turns 
out that applying a filter to a signal directly is more work than first taking it into the Fourier domain, 
performing the filtering operation in there and then transforming the signal back to the time domain, the 
Fourier transform is no more helpful in changing the behavior of components in a pattern.  
The Fractional order of Fourier transform is doing the pattern changes with a change in angle. From Fig a 
and b, we can clearly say that FrFT acts as an original signal where the transform , 
where n ranges from 0, 1, 2, …..k; from Fig c, FrFT and FT both are doing the same thing i.e., expressing in 
the frequency domain as same data of signal. But FrFT has more resolution in looking at all details than FT 
and that is obvious from the graphs as well where the transform ang Fig b, we 
can observe the pattern changes, since the FrFT uses its flexibility by changing the parameters (change in 
transform angle) deformed the components in different sizes.  More interestingly the FrFT obeys all its 
properties, i.e., with transform angle, the FrFT satisfies the eqs 4,4 to 4.7 for one-dimensional sine signal.  
The manipulation of Fractional Fourier transform is making the thesis work easier to observe the complex 
patterns and still can be recognize as the pattern though deformation at large scales for several components; 

retransforms to original domain with an angle of -  deformed to different 
levels. Scaling problem is identified from figures i, j, k; the components of the pattern is deformed gradually 
with corresponding angle changes, where components of inversely transform signal are scaled to different 
levels each and are together formed as a pattern which resembles as original pattern. Here we did some 
manipulation by transforming the signal at one angle and retrieving it back with another angle. This angle 
change is helpful in studying the pattern changes. Here correlation acts as a parameter to understand how 
much amount the pattern with deformation is varied from the original pattern.  
Transform the input signal using and Fourier transform and Fractional Fourier transform: 
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                                                     (b) 

              

              (c) 
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                                                                                 (d) 
                   Fig 4.1.1 a,b,c,d represents FFT and FrFT with different transform angles  
 
 
Pattern recognition in time domain for a sinusoid input signal: 
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                                                                  (f) 

    

                         (g)    
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              (h)                                  

              

                              (i) 
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                                      (j) 

              

              (k)  
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                 (l) 

Fig 4.1.2, e,f,g represents the inverse Fractional Fourier transform (iFrFT) with change in angle; h 
represents the original signal and i, j, k represents the scaling problem observation between original, 
transform and inverse transform; and l represnets the correlation between input signal and the signal 
obtained from iFrFT.                                

4.3: 2D Image: 

After the analysis of one dimensional signal, the behavior of signal with respect to time and frequency one 
can get the idea how the pattern can be studied for two-dimensional signal. The main goal of this section 
is to test the ability of the proposed method to identify the pattern changes. In the first place we create a 
two-dimensional image with a block size of (256,256) as an input. In the second place the algorithms are 
tested with the created image. As a qualitative analysis of pattern changes we must make some parameter 
changes to identify how it is behaving in its time and frequency domain after applying to the Fourier and 
fractional Fourier transform. 

Code for creating an image: 

Clc;
clear all;
close all;
fs=255;
t=0:1/fs:1;
a=1;
Im = zeros(256);

for pp=1:30:255
Im(pp,:)= 128+128*sin(2*pi*rand(1)*t);

end

fig=figure,imshow(Im,[]), title('original image')
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                                                          Fig 4.2 Two-dimensional matrix image 

Pattern changes to an image can alter the amount of data of the entire image under the condition of 
ensuring important information. Transforming and retransforming the image to frequency and time 
domain to see what happens with the image in terms of pattern in both time and frequency domain. 

4.3.1 Pattern study for a two-dimensional image: 
 
Similarly, for a 2D-image we have shown the FrFT nature for the principle properties; those are observed 
from the results obtained with the principle transform angles we have. FFT is not producing any changes in 
its pattern from time to frequency domain as it only deals with the data of an image; The FrFT with a 
transform angle is being helpful in observing the component deformation which leads to pattern changes.  
The transformed image is again re-transformed to time domain with the change in angle to deform the one 
or any components in different levels to observe the pattern. The iFrFT with the change in transform angle 
is used in studying the pattern and from Fig e, f, g; the components are deformed, and the pattern still looks 
like a pattern. From Fig h, i; Scaling problem is studied by comparing the transformed image with original 
image. It is obvious that almost obtained transform is lying on the original transform, the remaining portion 
is affected by the transform angle which deviates the components to any other level, results the components 
of the transformed image are not same as before still we can perceive the pattern as pattern and perceive 
the changes. That means almost both transform and the original image are in the same period. The few data 
mismatches are because of the deformation of the pattern with respect to transform angle. Similarly, From 
Fig j, the scaling problem can be studied using the inverse transform same as the transform study, the change 
in angle deforms the components more and reproduces the complex patterns. This study is quite helpful in 
Medical data (E.C.G Signals) [3]. 

original image
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             (a)    

 

             (b) 

 

                                                                         

fourier transform of an image frft of an image with alpha = 0

fourier transform of an image frft of an image with alpha = pi/2
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            (c)      

  

                                 (d) 

 

fourier transform of an image frft of an image with alpha = 3pi/4

fourier transform of an image frft of an image with alpha = 3pi/4
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                (e) 

                          

                    (f)       

                                                                                                                  

ifrft of an image with alpha = -75

ifrft of an image with alpha = -30
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                   (g)    

           

      (h) 

 

        

ifrft of an image with alpha = -10

original image
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          (i) 

               

          (j)                                                                                                 

Fig 4.2.1,  a, b, c, d represents the Fourier transform and inverse Fourier transform; e,f,g represents the 
inverse Fractional Fourier transform (iFrFT) with change in angle; h represents the original signal and i, j, 
represents the scaling problem observtaion between original, transform and inverse transform.  

4.4 Computer generated image: 

For performing the operation i.e., FFT, FrFT one must convert the Mandrill image with a block size of 
(256,256), so that transform operations can be performed respectively for this analysis 30-bit distance 
taken for every block. The overall size of the matrix dependent on the size of its individual elements. Using 
smaller individual elements (i.e., a smaller data type) decreases matrix size and reduces the amount of 
time needed to copy the matrix. Changing one or few individual elements to different scales and monitor 
the changes phenomena using FFT and FrFT. Every time an object changes some aspect of its data, the 
axes must recalculate its related properties; the axes is now shifted to another level depending on the 
deformation of each component; these changes can be perceived. 

pattern changes with transform angle

original and ifrft on one plot
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The operation and observations are same as a two-dimensional image; but the pattern changes are less 
severe than 1-D signal and 2-D image.  

Code for computer image: 

close all
load mandrill;
figure
i = imshow(X,map);
title('original mandrill image')
i=ind2gray(X,map);
i=i(1:256,1:256);
fig=figure,subplot(121)
imshow(i);
fs=255;
t=0:1/fs:1;
a=1;
Im = zeros(256);
for pp=1:30:255

Im(pp,:)=i(256,256);
end
subplot(122),imshow(Im,[]), title('original image')
 

 
     Fig 4.3 Mandrill image  
 
4.4.1 Pattern study for a computer image: 
The operation and observations are same as a two-dimensional image; but the pattern changes are less 
severe than 1-D signal and 2-D image that can be observed from the following results.   

resized mandrill image original image
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             (a)                     

 

            (b) 

 

                                                                                                                             

fourier transform of an image frft of an image with alpha = 0

fourier transform of an image frft of an image with alpha = pi/2
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             (c)             

 

             (d) 

                                                                                                                                 

fourier transform of an image frft of an image with alpha = 2pi

fourier transform of an image frft of an image with alpha = 3pi/4
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(e)

       

       (f)                    

                

pattern changes with transform angle

ifrft of an image with alpha = -15
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(g)

       

        (h) 

                

ifrft of an image with alpha = -5

original image
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         (i)                 

 

        (j) 

Fig 4.3.1, a, b, c, d represents the Fourier transform and inverse Fourier transform; e,f,g represents the 
inverse Fractional Fourier transform (iFrFT) with change in angle; h represents the original signal and i, j, 
represents the scaling problem observtaion between original, transform and inverse transform.  

 
4.5Analysis: 

4.5.1     How is a scaling problem related to one-dimension, two-dimensions, and more dimensions? 

Scaling means a family of derived signals meant to represent the original signal at different levels. 
From the observation, the shape or pattern of the signal components are changing at a different 
level to the original components of the signal. In such a case, much of the precision is observed in 
pattern changes. This is especially true for Sinusoids (one-dimension) where the scaling problem is 
extremely severe. For one-dimensional sinusoids, we can use the frequency response 
characteristics in determining the appropriate scaling.  

ifrft of an image with alpha = -10

pattern chnages with change in angle
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Similarly, for two-dimensions and more dimensions to obtain a clear picture of the effect of 
pattern changes, we should also consider the effect of scaling the components of the pattern. In 
other words, at what factor the input is losing its original state (losing the shape). 

For example, any physical substances patterns emerge from temporal and spatial domains that 
may be coarser or finer than the processes that shape them, which means that investigation 
across multiple scales is essential for understanding the phenomena 

 

4.5.2 Is it possible to make a scaling without changing the form of a signal? Can we control the scaling 
amount? 

It is not possible to make a scaling without changing the form of a signal. When the form of the 
signal is not changing and transform the signal to represent the frequency characteristics there is 

and the form is not changing we don’t need to change the angle and retransform it as same data. 

There have been lots of reports of computers being unable to recognize the pattern changes or 
having trouble getting the behaviour of a signal, but until we can see how the FrFT operates at 
scale (to identify the pattern changes). As we can change the outcomes of FrFT by changing the 
angle we can simulate the scaling problem using FrFT.  

No, we cannot control the scaling amount but still, we can change all the parameters to see what 
is happening in time and frequency domain with the pattern. This angle change can be understood 
if we think of contracting the time axis, in the time-frequency plane. It is obvious from the results 
obtained above that how the angle used in inverse FrFT is quite helpful in recognition of pattern 
changes. From the definition of ordinary transform if we contract in time axis then we must 
expand the frequency axis. The axis along which we compute the transform, which is initially at an 

 
what exactly is happening. The angle change has an influence in magnitude, frequency, and phase 
of the transform function. 

4.5.3 Can we use Fractional Fourier transform to simulate the pattern scaling problem with one-
dimension, two-dimension, and more dimensions? 

Standard methods will see one pattern as a signal and others as a noise. The exciting part of the 
background method (FrFT) is that it looks for any type of clear structure within the data as it 
expresses the data in high resolution in transform domain, attempting to find all the patterns that 
are transformed. We studied using different possible relationships (a signal, an image, computer 
image) in transform domain and returned those that are strongest by changing the transform 
angle.  Assuming that under a fractional Fourier Transform regime, we are dealing with a scaling 
defined by the order of the transformation, If the position and the size of the object are known, 
then the transform operation for pattern recogn
The idea is to allow the FrFT algorithm to identify component changes in an image. But the normal 
way of fractional Fourier transform is not doing the pattern recognition tasks, so we did some 
manipulation to the Fractional Fourier transform to perform the pattern changes. 
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The Fractional Fourier transform has a special tool that allows us to deform the pattern. The 
fractional angle linearly varies with the fractional order. Manipulating the fractional Fourier 
transform by changing the fractional order produces a change in fractional angle which deforms 
the components of pattern in different levels and those changes can be viewed for a signal (for ex: 
1D- E.C.G. Data), an Image (for ex: 2D-satellite), video (for ex: 3D-video frames) simultaneously 
changes the magnitude, frequency and phase of the transform function which apparently 
produces the change in the patterns that can be easily understand. 
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Chapter 5_________________________________________________________________________ 

                                                                   Conclusion & Future Scope 
 
                  This thesis work investigated the dynamic scaling pattern changes with the help of 
Fractional Fourier transform. In general, the Ambiguity in pattern recognition can be due to too close 
patterns, neglected components, scaling problem (deformation), partial vision of the pattern. Geometric 
changes of the components made our problem complex. The problem perception is difficult for a 
computer and it can be possible with Fractional Fourier transform. But these algorithms are insensitive to 
pattern scaling near convergence. The work has been limited to some of the common recognition or 
tracking objects when the position and size of the object are not known. 
 
                          The results of this thesis lead us to the conclusion that with the manipulation of the 
Fractional Fourier transform over the normal way of Fractional Fourier transform which can be helpful in 
perceiving the pattern through computers. The results have shown us that the time-domain approach has 
performed better in terms of object identification in an image or pattern recognition in a signal over the 
frequency-domain approach.  
 
                          This thesis work can be further extended by investigating the other aspects like computer, 
machines, Self-driving cars, robots etc. will be used frequently in future.  Recognizing patterns are; in our 
daily commute by acknowledging to changes in schedule and the traffic which will be helpful in automatic 
driving cars (driver less), diagnosing the illness in human, etc. The interface between computer and human 
can be made easy by recognizing the pattern changes. 
                           
              This method can be used in scape exploration, for instance, if one satellite probe has to be 
sent to Mars and the root is set before the takeoff than using image sensing the rocket control computer 
can analyze the root with using the pre-loaded images of the stars by comparing it with the image 
captured at specific position from the rocket itself and can control its speed and direction using the 
references of the images. Furthermore, this method can be used for image recognition for security 
purposes, for mechanical machining processes, or in driverless cars, etc. 
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