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Abstract
In many image analysis and computer vision applications, object recognition is the ultimate goal. This work presents study and
experimentation for object recognition when isolated objects are under discussion. The circumstances of similarity transformations,
presence of noise, and occlusion have been included as the part of the study. For simplicity, instead of objects, outline of the objects
have been used for the whole process of the recognition. Hu’s moments and their extended counterparts have been used as features
of the objects. Genetic Algorithm is applied on these moments to get optimum descriptors. These optimum descriptors are then used
in process of recognition. Various similarity measures have been used and compared for recognition. The test objects are matched
with the model objects in database and the object with the least similarity measure is taken as the recognized object. A detailed
experimental study has been made under different conditions and circumstances including transformation, noise, and occlusion.
Databases of different sizes have been used to have a look at various experimentations. Some interesting observations have been
made which may be useful for research and practicing community.
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rate. The experiments are done with different combinations of
these features, for the recognition of objects captured by a nonideal imaging system which may transform, make noise or can
have occlusion in the images. An extensive experimental study
has been made using various similarity measures in the process
of recognition. These measures include Euclidean Measure
and Percentage error. Although the whole study has been made
for bitmap images, but it can be easily extended to gray level
images.
The outline of the remainder of the paper is as follows. Moments
are explained in Section 2. The concept of similarity measures
are explained in Section 3. Genetic Algorithm is explained in
Section 4. The Algorithm for object recognition problem has been
concocted in Section 5. Detailed experimental study and analysis
is made in Section 6 whereas Section 7 deals with interesting
observations during the experimental study. Finally, Section 8
concludes the paper as well as touches some future work.

I. Introduction
Object recognition [5-9] is one of the important areas of research.
Moment invariants [1-5, 8-12] have been frequently used as
features for image processing, remote sensing, shape recognition
and classification. Moments can provide characteristics of an
object that uniquely represent its shape. Several techniques have
been developed that derive invariant features from moments
for object recognition and representation. These techniques
are distinguished by their moment definition, such as the type
of data exploited and the method for deriving invariant values
from the image moments. It was Hu [1] that first set out the
mathematical foundation for two-dimensional moment invariants
and demonstrated their applications to shape recognition. They
were first applied to aircraft shapes and were shown to be quick
and reliable by [4]. These moment invariant values are invariant
with respect to translation, scale and rotation of the shape. The
moments which have the property of invariant image recognition
as well as image reconstruction was introduced by [3]
Hu [1] defined seven of these shape descriptor values computed
from central moments through order three that are independent to
object translation, scale and orientation. Translation invariance is
achieved by computing moments that are normalized with respect
to the centre of gravity so that the center of mass of the distribution
is at the origin (central moments). Size invariant moments are
derived from algebraic invariants but these can be shown to be
the result of simple size normalization. From the second and third
order values of the normalized central moments, a set of seven
invariant moments can be computed which are independent of
rotation.
The idea of Hu’s moments was extended in 1993. Flusser and Suk
[8] proposed additional features that are invariant under general
affine transformations and may be used for recognition of affinedeformed objects. Addition of these four moments to the Hu’s
seven moments make a class of moment-based features invariant
to image rotation, translation, scaling, other changes. This paper
has used these 11 features with the combination of Genetic
Algorithm, which optimizes these features for best recognition
© 2014, IJARCST All Rights Reserved

II. Moments
Traditionally, moment invariants are computed based on the
information provided by both the shape boundary and its interior
region [1]. The moments used to construct the moment invariants
are defined in the continuous but for practical implementation they
are computed in the discrete form. Following paragraphs provide
a brief description of moments [1,9-10].
Moment invariants [8-16] have been frequently used as features
for image processing, remote sensing, shape recognition and
classification. Moments can provide characteristics of an object
that uniquely represent its shape. Several techniques have been
developed that derive invariant features from moments for object
recognition and representation. These techniques are distinguished
by their moment definition, such as the type of data exploited
and the method for deriving invariant values from the image
moments.
The discrete version of the Cartesian moment for an image
consisting of pixels Pxy is:
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III.
Measures

Given two sets of descriptors, how do we measure their degree of
similarity?
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In this study, n is the number of moments considered, a(i) is the
ith moment of the template image, and b(i) is the ith moment of
the test image. A tolerable threshold ρ is selected to decide a test
object recognized. This threshold is checked against the least value
of the selected similarity measure, which lead to the success or
failure as far as recognition of the object is concerned.
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assigned random weights. Let us suppose the random weights
are
0.67

0.51

0.52

0.54

0.51

0.11

0.02

0.18

0.17

0.43

0.31

Now we have to find out the binary of each decimal number. After
that for applying crossover in the sense that we have to make pairs
of above random weights and then apply crossover on each pair
(First pair “0.67 and 0.51”, second pair “0.51 and 0.52” and so
on) which are as under

We will convert each decimal number into binary then we have
to apply the crossover on the binary of first pair. For instance we
have the first pair which is 0.67 and 0.51 and their binaries are

Fig. 1: Pictorial description of the method.
IV. Genetic Algorithm
Genetic algorithm is belonging to the class of evolutionary
algorithm that uses selection, crossover and mutation for the
process of generating new population. GA is extremely popular
evolutionary algorithm which is used to solve complex problems
in a very meaningful way. The aim of genetic algorithm is to find
exact and appropriate solution to a given problem. GA has been
rapidly used in many areas such as pattern recognition, object
recognition, image processing, machine learning, computer vision
etc. GA produced surprisingly very good results over moments.
Proposed technique works as follows [17].

10101011101

0.51

=

10011001100

After crossover of these two pairs, we have the following new
combination.
As a result we will get new matrix of “10 X 11” which is as
under

(8)

Where f is the fitness and PE is the percentage of errors of all the
training images for a given set of weights.
3. In third step stopping criteria has to be checked, if stopping
criteria is met then best generation will be obtained and GA will
be terminate else jump to step iv
4. Apply crossover:
Crossover is the most important operator of GA. Crossover is
applied on previous population. After applying crossover we get
new population and again here checked the hit ratio. If current
hit ratio is better than previous than previous, population will
be replaced with newly generated population, otherwise step iv
will be repeated until best hit ratio is achieved. Initially we have
© 2014, IJARCST All Rights Reserved

=

Now when we apply the crossover on this pair in the sense that
we will have to take the first binary number of the first decimal
number and last ten binaries of the second decimal number. In the
same way we will take the first two binaries of the first decimal
number and last nine binaries of the second decimal number.
This process will remain continue until we take the ten binaries
of the first decimal number and one binary of the second decimal
number.

1. Initialization: - The first step for Genetic algorithm in the
optimization process is initialization. In this step various parameters
are initialized to their desired value. In our simulation we have
set the following parameters.
• Bias is set between 0 and 0.2.
• Number of iterations are 40 but we also have set the stopping
criteria. If our stopping criteria meet during the specified
iterations the simulation ends otherwise it go for the number
of iterations specified.
• Numbers of trials are used in between 10 to 20.
• We have also set the stopping criteria which depends on the
Hits used in the simulation.
2. Evaluate Fitness function:
The second step of Genetic algorithm is to evaluate the fitness of
each particle as in our case we have the weights used as particles,
so we compute fitness against each of the particle. Fitness against
each particle shows the relative importance of those weights, and
is given by:

f = 1 − min((PE)
P
E )
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New weights (1 X 100)
Then we will get ten new weights of first pair after converting
each row into decimal. Since we have ten pairs so we will get 100
new weights after applying the crossover on all the pairs which
are as follows:
80

www.ijarcst.com





ISSN : 2347 - 8446 (Online)
ISSN : 2347 - 9817 (Print)

Vol. 3, Issue 1 (Jan. - Mar. 2015)

But during each step we have to keep on checking the hit rate.
Similarly we have to take different combinations up to 11. At the
end we will get new weights which will better than the original
weights.
v) Apply Mutation
If stopping criteria matched then terminate else apply mutation
on newly created population and check for hits.
After that we have to find out the binary of each weight.
Then we will mutate the first bit of the first weight. By doing
so we will get new decimal number (new weight) and now we
have to check the hit rate, if current hit rte is better than previous
then we will replace this new weight with the first weight of the
previous weights.
Likewise we will mutate each bit. The same process will be
applied on the remaining weights. Finally we will have new better
generation (weights).
The fitness for each individual try to search the best weights for
each individual and check for hit rate makes the genetic algorithm
arrive at the highest recognition with optimum descriptors.
vi) If current hit ratio is better than previous, population will be
replaced with newly generated population, otherwise step (vi)
will be repeated until best hit ratio is achieved.
vi) Now again check here for stopping criteria, if found then
terminate otherwise start searching from the start.

Now
we have to apply the crossover on the original weights


(random)
and the new weights.
For
this
we
have to take the first weight from the new weights


and
the last ten weights from the original weights. Then we will
get
the new generation (weights) which are as follows

























V. Algorithm for Object Recognition
The outline of the algorithms is as follows:
1. Clean up the image of noise by using a median filter and then
removing all but the largest of the objects in the scene.
2. Find the edge of the image using the edge detector.
3. Find the moments of order three using the Equation 2
4. Find the center of gravity of the image
5. Find the central moments, which eliminates the translation
effect.
6. Normalize the moments by dividing them by the m00 (size
of the image) for removing the scaling effect.
7. Find the rotational invariant moments φ1 , φ1 , ..., φ11
8. Apply Genetic Algorithm to find optimum no of moments.
9. For a given test image, its moment invariants are compared
with all the model objects moment invariants using either
the Euclidean distance (or the sum of percentage errors)
between them.
10. The model object with least Euclidean distance (or least
percentage error) is a recognized object.




































































VI. Results and Analysis
The recognition system is tested by generating the test objects by
translating, rotating, scaling, adding noise, and adding occlusion
to the model objects contained in a database of different sizes. The
test objects were randomly rotated, translated, and scaled. Some
were considered without scale of their model sizes. A large data
of test objects was used for each of the experiments for testing
similarity transformation. Translation, scaling, and rotation were
used for the images to test for recognition.
The salt & pepper noise of different densities is added to the objects
for generating the noisy test objects. Median filter was used in
the experiment to filter the noise, so that the noise remains on the
boundary of the object. Median filtering is a type of neighborhood
processing that is particularly useful for removing ‘salt and pepper’
noise from an image [12]. The median filter considers each pixel
in the image and it looks at its nearby neighbors to decide whether
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or not it is representative of its surroundings. Instead of simply
replacing the pixel value with the mean of neighboring pixel
values, it replaces it with the median of those values. The median is
calculated by first sorting all the pixel values from the surrounding
neighborhood into numerical order and then replacing the pixel
being considered with the middle pixel value [12].
As would be seen in the experiments, Moment invariants are not
promising for the recognition of occluded objects. Around 20%
occlusion was added into the objects to make tests.
Genetic Algorithm is applied on the database of moments obtained
from different model objects. The database of these model
object moments is trained with transformed objects by using the
Genetic algorithm which yields weights for the moments. Genetic
Algorithm produces optimized moments by producing weights for
the moments which when applied in the process of recognition;
it not only increases the recognition rate but also reduces the no
of moments used in the process of recognition.
We split the experiments into different categories explained in
the following subsections.

Fig. 2: Comparative Graph.
1. The base case (M0): In this case, the moment invariants φ1 − φ7
are used and the Euclidean distance is considered for comparison.
The percentage of recognition recorded with optimized weights
in case of just similarity transformations is 58% which was only
45% when using moments without optimization (increase of 13%).
Similarly in case of similarity transformations with noise, it is
about 74% with optimized weights and is only 62.50% without
optimized weights. In case of occluded objects the recognition
rate increases from 7% to 9%.
2.Using the percentage of error (PE) for comparison (M1): In
this case, the moment invariants φ1 − φ7 are used with PE, instead
of the Euclidean distance as similarity measure.
The use of percentage error also increases the recognition rate from
56.70% to 68% for transformed objects and from 75% to 85% for
noisy objects and for occluded objects it increases from 8% to
9%. It can be concluded here that although the use of optimization
increases the recognition rate but PE for comparison also have
better results as compared to Euclidean distance.
Excluding φ7 (M2): It has been determined through experiments
that φ7 deviates greatly due to these transformations. Therefore,
φ7 has been excluded in this case and only φ1 − φ6 have been
considered. The percentage of recognition recorded in case of just
similarity transformations increases from 73% to 85%. In case of
similarity transformations with noise, it increases up to 7.5% and
remains same for occluded objects. It is worth noting that in all
cases discussed above, there is minor increase in recognition for
occluded objects as compared to transformed and noisy objects.
Adding φ8-φ11 (M3): In this case φ1 − φ1 are used as features and
PE is considered for comparison. The percentage of recognition
recorded in case of just similarity transformations is 70%,
an increase of 10% from non-optimized moments. In case of
similarity transformations with noise, it also increases 10%. And
for occluded objects it remains the same. If we compare this
case with (M1), it can be clearly seen that the addition of φ8φ11 increases the recognition in both cases non-optimized and
optimized moments.
Excluding φ7 (M4): In this case φ1 − φ1 are used excluding φ7 .PE
is used for comparison. It can be noticed that this case give much
better result from all other cases the recognition rate in case of just
similarity transformations is 86% which is much better than all
the above cases. There is an increase of 11% from non-optimized
moments. In case of similarity transformations with noise, it is
about 91% (an improvement of about 10%). If we compare this

A. Experiment I
The first series of experiments has been made to view results for
different combinations of the Moment invariants. Five experiments
can be seen presenting different scenarios of the combination
of Moments, similarity measures and nature of data used. The
procedures taken to analyze and test the system are as follows:
Case 01 (M0): In this case, the moment invariants φ1 −φ7 are
used and the Euclidean distance is considered for comparison.
Case 02 (M1): In this case, the moment invariants φ1 −φ7 are
used and the PE, instead of the Euclidean distance, is considered
as a similarity measure for the sake of comparison.
Case 03 (M2): The effect of similarity transformations on the
moment invariants have been studied closely. It has been clear
that φ7 deviates greatly due to these transformations. Therefore,
φ7 has been excluded and only φ1 −φ6 have been considered.
Case 04 (M3): In this case φ1 −φ11 are used as features and PE
is considered for comparison.
Case 05 (M4): In this case φ1 −φ11 are used except φ7 and PE
is considered for comparison.
Table 1: Recognition rate for the different cases trained with
transformed objects
Object recognition
Object Recognition
Using Moments
Using Moments & GA

T: Transformations
N: Noise
O: Occlusion
© 2014, IJARCST All Rights Reserved
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case with (M2) where only φ1 − φ6 are used and PE is considered
for comparison. It can be clearly seen that the recognition rate
is improved by only 1% in the case of similarity transformation
only and is reduced by about 4% for noisy images. Occlusion
tests do not report good results; this can be observed throughout
in Table 1. This Table summarizes all the above discussed results
and demonstrates numerical measures.
B. Experiment II
In this category of experiments, just before examining the
test images, moment database is loaded and the moments are
normalized. This is done by using GA in order to give optimized
weights for each moment. The Euclidian distance between the
templates’ moments and the target is computed as a similarity
measure. The results achieved are very good as compared to
previous experiments. One hundred images were tested and
obtained the results as mentioned in Table II.
Table II: Recognition rates for the different cases.
Noise

Arbitrary
(different type of
transformation
ions)

Occluded

10 noise
10degree rotation
0.25scale

20% noise 20
degree rotation

10% noise
10 degree
rotation

First 7

95%

75%

8%

93%

15% 85%

11

95%

75%

5%

90%

12% 81%

Moments

VII. Some observations
Here are some observations for the whole discussion in the
paper:
In this paper we have been noticed that different combinations of
Moment Invariants were giving relatively different success results
and were less unanimity among the different combinations of
moments in recognizing. Combination of first five and combination
of first six moments almost shows the same level of recognition
accuracy level. Similarly seven and eight are at the same level;
and nine and ten also for a pair that stays at the same level of
performance. Noise (salt and pepper) has a minimal effect on the
recognition ability of Moment Invariants. The affect in recognition
is there, but very slightly. Moment Invariants by using GA perform
not so well in the presence of occlusion in the image. The occlusion
is a big issue on recognition object, especially, when we use
Moment descriptors.

images, further investigations are being done with some more
complex images.
Several modifications to the base case are investigated in Section
5 and compared it with the results of non-optimized moments. It is
shown that when Genetic algorithm is applied on these Moments
it increases the recognition rate more than 10%. The replacement
of Euclidean distance with the percentage of error for moment
comparison results also have a very good impact and have an
improvement of more than 10% in the recognition rate. One more
factor is that of φ7. Excluding φ7 gives rise to an improvement
of about 20% over the base case. Moreover, the effect of adding
four more moments is considered. In this way the use of Genetic
Algorithm and use of PE, excluding φ7 gave recognition rate
up to 86% for transformed and 91 for noisy objects. The results
achieved are very good as compared to previous results. However
there is minor increase for occluded objects.
The images that have to be recognized but failed to be recognized
by most of the Moment Invariant combinations are to be
analyzed further. This leads to the theory of optimization to find
out appropriate features or attributes in the image that made it
difficult to be recognized. The methodology of GA has been
utilized successfully for this purpose. Using GA, to find the most
suitable descriptors and to assign weights for these descriptors,
improved dramatically the recognition rate using the least number
of descriptors.
In future, author would like to treat the problem as multi-objective
optimization method, also try to enhance the GA by tuning different
parameters to maximize the recognition rate while minimizing the
number of descriptors.
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VIII. Conclusion and Future Work
This work has been reported to make a practical study of the
Moments and Genetic Algorithm to the application of Object
Recognition. Genetic Algorithm is used for the optimization of
these Moments. The implementation was done on a P-IV PC
using MATLAB 7.1.0. The ultimate results have variations
depending upon the selection of Moments and Data size. The
variety similarity measures and different combinations of invariant
moment features, used in the process, make a difference to the
recognition rate. The results have been tested using 2 similarity
measures, 11 moment invariants, and different size databases.
Different combinations of these parameters implied different
results. Three similarity measures, including ED, and PE, provided
different recognition results. The images used are all bitmapped
www.ijarcst.com
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