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Abstract: Genetic Algorithms techniques have been used to detect and adjust any rotation in the images i.e.,
take them back to their standard saved forms. Rotating images back to their standard forms and files have been
done successfully using the proposed described G.A. The main target of this paper is to investigate the use
of Genetic Algorithm (GA) to know the rotation angle è and retrieve the original image knowing the coordinates
of its periphery. After using GA to achieve the above purposes, we conclude that we can retrieve the rotation
angles successfully up to an accuracy approaching 100%.
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INTRODUCTION composed of researchers and practitioners in industry.

Biometrics such as fingerprint, face, gait, iris, voice reliable person authentication because of the complex
and signature, recognizes one's identity using his/her distortions involved in two impressions of the same
physiological or behavioral characteristics. Among these finger. Image comparisons are very sensitive to graphical
biometric signs, fingerprint has been researched the processes  especially rotations. Saved image files
longest period of time and shows the most promising normally contain one image without any rotation. If
future  in  real-world applications. However, because of comparison  is  performed  to  authenticate  an image
the complex distortions among the different impressions which  is  a  little rotated, the results would be incorrect.
of the same finger, fingerprint recognition is still a So,  what  we  are   doing  in  the  following section is to
challenging problem. Computational Algorithms for set  the  best  fit   of  the  originally   rotated  image  to  the
Fingerprint Recognition presents an entire range of novel image in hand. 
computational algorithms for fingerprint recognition. In this paper we use genetic algorithm for registration
These include feature extraction, indexing, matching, of two images. We can’t compare two images when
classification and performance prediction/validation finding one of these images is translated or rotated by
methods, which have been compared with state-of-art some unknown angle. To obtain the registration, the first
algorithms and found to be effective and efficient on real- image must be transformed (translated, rotated or sheared)
world data. until get best matching with the second image. However,

Specific algorithms addressed include: Learned the conventional registration methods suffer from
template based minutiae extraction algorithm, Triplets of misregistration because of the difference in rotation
minutiae based fingerprint indexing algorithm, Genetic angles. Recent investigations have shown that genetic
algorithm based fingerprint matching algorithm, Genetic algorithms can handle this problem. We investigate the
programming based feature learning algorithm for use of Genetic Algorithm (GA) in image registration,
fingerprint  classification,  Comparison of classification since; the genetic algorithm is accurate, very fast and now
and indexing based approaches for identification, is used very frequently. Achieving this objective implies
Fundamental fingerprint matching performance prediction presenting this paper which is organized from the
analysis and its validation. following four sections: section two deals with the image

Computational  Algorithms  for  Fingerprint registration process. In section three, we explain in details
Recognition is designed for a professional audience our proposed GA approach that will be used for image

Fingerprint matching is still a challenging problem for
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registration. Section four was devoted to illustrate the
main obtained results. This paper was ended with
conclusion and future works.

Image Registrations Process: Image registration
algorithms fall within two realms of classification: area
based methods and feature based methods. The original
image is often referred to as the reference image and the
image to be mapped onto the reference image is referred
to as the target image. For area based image registration
methods, the algorithm looks at the structure of the image
via correlation metrics, Fourier properties and other means
of structural analysis. Alternatively, most feature based
methods, instead of looking at the overall structure of
images, fine tune their mappings to the correlation of
image features: lines, curves, points, line intersections,
boundaries, etc.

Image registration algorithms can also be classified
according to the transformation model used to relate the
reference image space with the target image space. The
first broad category of transformation models includes
linear transformations which are a combination of
translation, rotation, global scaling, shear and perspective
components. Linear transformations are global in nature,
thus not being able to model local deformations. Usually,
perspective components are not needed for registration,
so that in this case the linear transformation is an affine
one. The second category includes 'elastic' or 'nonrigid'
transformations. These transformations allow local
warping of image features, thus providing support for
local deformations. Nonrigid transformation approaches
include polynomial wrapping, interpolation of smooth
basis functions (thin-plate splines and wavelets) and
physical continuum models. 

In our presented paper we deal with image
registration as the process of overlaying two or more
images of the same scene taken at different times, from
different viewpoints and/or by different sensors. It
geometrically means aligning two images—the reference
and sensed images [1]. The key of image registration is to
find the proper transformation of one image to another so
that each point of one image is spatially aligned with its
corresponding point of the other [2]. Search-based image
registration methods utilize an iterative procedure to
improve the initial guess of the unknown transform
parameters. Registration process mainly consist of
determining the unknown transformation parameters
required  to  map  the input image to the reference image
in order to compare and analyze both in a common
reference frame. 

Fig. 1: Elementary Geometric Transforms for Planar
Surface Elements Translation, Rotation, Dilation,
Stretching and Shearing

The  Proposed  Methodology  of   Solution:   The  two
image data sets were stored as grayscale. Automatic
registration of the two images requires executing the
following: (a) a transformation and (b) a measure of
similarity.

a)The applied transformation is given by affine
transformation where an affine transform is a linear
coordinate transformation that includes the elementary
transformations; translation, rotation, scaling, stretching
and shearing (as shown in Fig.1).

We can express an affine transform by vector
addition and matrix multiplication as:

(1)

An affine transform has six degrees of freedom ; two
for translation (t , t ) and one of each for rotation, scaling,x y

stretching and shearing (a ,a ,a ,and a ), [3,4]. We can11 12 21 22

rewrite the affine transform by the following:-

X= t +a  x+a y (2)x 11 12

Y= t +a  x+a  y (3)y 21 22

Where:
x, y are the two Cartesian spatial dimensions and aij

and t , t  are the adjustable parameters whose values arex y

to be estimated under the following constraints

-size of image = t . t = size of image and -1=a = 1x y ij

b) The measure of fitness, or success of the
transformation is based simply on the point by point
absolute difference between the two images
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f = 1/m | c (j) | (4) Chromosome      11 0 1 0 1 0 1 1 1 1 1 1 1 1 0 1j=1
m

Where:
m= number of points considered, Fig. 2: Binary Encoding

c = grayscale intensity difference between the same
point in the first and the transformed second image the genome) of candidate solutions (called individuals,

More complex measures have been suggested, [3]. evolves  toward  better  solutions.  Traditionally,
Because the two images may well have different overall solutions are represented in binary strings of 0s and 1s,
intensity distributions (due to the way the imagining but other encodings are also possible. The evolution
machines were staffed and operated with the time usually starts from a population of randomly generated
separation possibly being over several months) an individuals. Genetic algorithms form one of the best ways
additional unknowns parameters. a  is required to to solve a problem for which a little is known. They are31

equalized the distributions very general algorithms that work well in any search

c(j) = c (j) – a  c (j) (5) solution.1 31 2

Where: Structure of the Proposed Genetic Algorithm: A GA is
c  (j) and c  (j) are the individual grayscale intensities constructed from a number of distinct components; the1 2

of pixel j for the two images (a  is the same for all j ). main components are the chromosome encoding, the31

Hence, we use an objective function which has to be evolution, [4].
optimized to minimum value. The similarity measure
provides a quality index of each solution. The choice of Chromosome Encoding: A GA manipulates populations
the similarity measure is closely related to the selected of chromosomes, which is a string representation of
feature since it measures the similarity between same solutions to a particular problem. Any particular
features in the reference and the transformed input image representation used for a given problem is referred to as
typically, similarity measures are the correlation. The sum the GA encoding of the problem, [4-6]. There are many
of absolute differences, the root mean square. The methods. For example binary encoding, tree encoding etc.
normalized cross-correlation function (CC) is one of the
most use similarity measure and can be written as: Binary Encoding: The most used way of encoding is a

From Fig. 2, it is shown that each chromosome has
(6) one binary string. Each bit in this string can represent

Genetic Algorithms: A genetic algorithm is a search Tree Encoding: Tree encoding is used to actually have
technique used in finding true or approximate solutions to programs or expressions evolve. In tree encoding every
optimization and search problems. Genetic algorithms are chromosome is a tree of some objects, such as functions
categorized as global search heuristics. Genetic algorithms or commands in the programming language, [5-7]. An
form a particular class of evolutionary algorithms that use example of problems: finding a function that would
techniques inspired by evolutionary biology such as approximate given pairs of values.
inheritance, mutation, selection and crossover (also called
recombination).Genetic algorithms are implemented as a Input and output values are given. The task is to find
computer simulation in which a population of abstract a function that will give the best output for all inputs.
representations  (called  chromosomes  or the genotype or Chromosome is functions represented in a tree.

Chromosome      20 0 1 1 0 0 0 0 0 0 1 1 1 1 0 0

creatures, or phenotypes) to an optimization problem

space. A genetic algorithm is able to create a high quality

fitness function, selection, crossover, mutation and

binary string (due to [1]). In binary encoding, every
chromosome is a string of bits, 0 or 1, [5-8]. The
chromosome could look like this shown in Fig. 2.

some characteristics of the solution, or the whole string
can represent a number.
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Fig. 3: Tree Encoding

Chromosome of this example is:

To represent this equation using binary tree, it
should be written as:

(A+B)$3 / X-Y, now it can be easily represented as shown
as Fig. 3. Fig. 5: Mutation Operators

Fitness Function: The fitness function is a computation Those   with   higher   fitness  should have a greater
that evaluates the quality of the chromosome as a chance  of  selection  than  those   with  lower  fitness,
solution to a particular problem, [4,7]. The fitness function thus  creating  a  selective  pressure  towards  more highly
is defined over the genetic representation that measures fit solutions.
the quality of the represented solution. It is always
problem  dependent.  The  fitness  function  is  a  black Crossover: Selection alone cannot introduce any new
box for the GA. Internally; this may be achieved by a individual into the population, so, after selection,
mathematical function, a simulation model, or a human individuals from the mating pool are recombined
expert that decides the quality of a chromosome, [5]. In (crossover) to create new, hopefully better, offspring as
some  problems,  it  is  hard  or  even   impossible to shown in Fig.4.
define the fitness expression; in these cases, interactive
genetic algorithms are used. Once we have the genetic Mutation Operators: Mutation Operators is used to
representation and the fitness function defined, GA randomly change (flip) a small percentage the value of
proceeds to initialize a population of solutions randomly single bits within individual strings Fig. 5.
and then improve it through repetitive application of
mutation, crossover and selection operators. A typical Evolution: After selection, crossover and mutation have
algorithm then uses three operators, selection, crossover been applied to the initial population, a new population
and mutation (chosen in part by analogy with the natural will have been formed and the generation counter is
word) to direct the population (over a series of time steps increased by one. This process of selection, crossover
or generations) towards convergence at the global and mutation is continued until some form of convergence
optimum. criterion has been met.

Selection: According   to   Darwin’s   evolution   theory GA Procedure: A typical genetic algorithm requires two
the  best  ones  should  survive  and   create new things to be defined:
offspring.  A  GA  uses   fitness  as  a  discriminator   of
the quality of solutions represented by the chromosomes A genetic representation of the solution domain.
in a  GA  population.  Chromosomes are therefore A fitness function to evaluate the solution domain,
selected  for   recombination   on    the  basis   of   fitness. which are of course given in our algorithm.

Fig. 4: Single-Point Crossover
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Fig. 6: After Selection, Crossover and Mutation Have been applied to the initial population

Fig. 7: A  Flowchart  that  illustrates  our  proposed
Approach

Pseudo-Code Algorithm:

Choose initial population
Evaluate the fitness function of each individual in the
population
If fitness function < tolerance go to 6

Select a specified number of the best-ranking
individuals
Breed new generation through crossover and
mutation (genetic operations) and give birth to
new offspring
Evaluate the individual fitness of the offspring
Select the most fit individuals from the current
population
Go To 2
Terminate

Table 1: Simulated Output Results
Image Original Rotation Retrieved Rotation Percentage
no. Angle in degrees Angle in degrees Relative Error
1 20 18 10%
2 30 28 6.7%
3 36 35 2.8%
4 45 45 0%
5 60 60 0%
6 90 89 1%

Flowchart of Genetic Algorithm: A flowchart that
illustrates our proposed methodology of solution is
shown in Fig.7. The first step consists in randomly
generating a population of chromosomes, each
representing one potential solution. For each generation,
each candidate is evaluated and assigned the fitness
value that is generally a function of the decoded value of
each chromosome. These candidates will be selected for
reproduction in the next generation based on their fitness
value. The selected candidates are combined using
crossover. After that the mutation is then applied to have
a new solution. 

Simulated Output Results: We have applied the above
technique to get some of rotated figures with some known
rotation angles. Using the above technique, we could
retrieve the rotation angles successfully up to an
accuracy approaching 100% (see Table 1). The time of
execution is reasonable.

From the results shown in Table 1, we notice that is
the  retrieved  rotation  angle  always less than or equal
the original rotation angle. Also, the wider the rotation
angle is, the less the relative error will be. So that, the
wider rotation angle is inversely proportional to the
relative error”

CONCLUSION AND FUTURE WORK

We recommend the proposed method of solution that
is presented  in  this paper to be applied on routine basis
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especially in registering finger prints in large data bases. 3. Coley, D.A., 1999. An Introduction to Genetic
This recommendation comes from the fact that the time Algorithms for Scientists And Engineers, World
consumed in finding the rotation angle is so minute, this Scientific publishing Co. Pte. Ltd,
is due to the fact that the generic algorithms use binary 4. Jähne, B., 2002. Digital Image Processing, Springer-
systems an all of its computations which suits the Verlag Berlin, Heidelberg,
computer very much. In this paper, we discussed the 5. Ilgin, M.A., 2006. Joint Optimization of Spare Parts
problem of 2-D images registration. As a future work Inventory and Maintenance Policies Using Hybrid
which can be extended to the case of 3-D images. We plan Genetic Algorithms", 2006 http://www.fbe.deu.edu.tr/
to apply genetic algorithms to different applications like tezler/2006/YL_t2021.pdf
audio processing and forecasting. Also genetic 6. Matteucci, M., Soft Computing, Lecture Notes on
algorithms can be used with neural networks to Natural Computation”. http://airlab.elet.polimi.it/
enhancement results of those applications. SC2003/Lucidi/handout_ga.pd
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