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Abstract:- The essence of the study is to analyse an algorithm which will provide a robust and
computationally light method, which might be suitable to implement in the real-time industrial application
such as object detection and recognition. For industrial applications, the primary step in automatic detection
and classification of an object is to find the object automatically from an image using features related to its
shape. This chore is a very complex one. Therefore, to hit the target Histogram of oriented gradient (HOG)
algorithm is selected to extract the image features. Average Magnitude Difference Function AMDF is
employed to correct the alignment defect. Finally, Artificial Neural Network (ANN) was employed to detect
the type of object in the image efficiently. None the less, a database was generated. The database consists
of images of real industrial products which are of different shapes and sizes, captured under different
lightning conditions. The outcome of the experiment conducted on the database recorded 98.10% success.

Keywords: 1-D mask, HOG algorithm, AMDF algorithm, k-nearest Neighbours algorithm, Cross-correlation
Functions algorithms and MLP algorithm

1. Introduction

For industrial applications, the primary step in
automatic detection and classification of an object is to
find the object automatically from an image using
features related to its shape. Therefore shape detection
plays an important role and has an intensive usage in
various applications [1] such as in robotics; object
classification is needed to recognize a certain object in
a cluttered scene [2]. In the industries detecting objects
With computers is difficult. This is as a result of some
Complications such as Initially, products from
industries vary in many forms such as type, size and

Shape. Hence, using object detection system in the
industries is only possible if the algorithm is robust
enough to eliminate these variations. Subsequently, the
industrial operation involves moving objects from one
place to the other; this might result in objects being
placed in different poses. The methods used needs to
distinguish the objects with different orientations
accurately.

Thirdly, the illumination in the environment varies due
to, shadows of other machine or humans. Therefore the
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algorithms are required to function efficiently under
different illumination condition.

Finally, partial occlusion can be a huge problem to the
performance of the algorithms. Partial occlusion is
inevitable in the industries since many products are
processed at a time. To deal with this situation the
algorithm needs to recognise an object even if it is
partially occluded.

The actual idea behind this work is to utilize an
algorithm that is computationally light, but it also shows
high performance in detecting and classifying an object
in an image. In this study, a comprehensive analysis of
the algorithm was carried out using a more complex
database and the emphasis will be on the industrial
application.

On the one hand, HOG is utilized to extract image
feature. However, HOG in not entirely invariant for
rotation, therefore AMDF is employed to detect the
image pose, which is then removed. Then, the features
are passed to the MLP for training. While, on the other
hand, after MLP is trained and then used to classify
already aligned HOG features obtained from an input
image.

2. Previous Studies Related
To Object Detection

Yilmaz [3] grouped a lot of current studies related
object detection methods. The first group is the
segmentation based object detection methods. This is a
concept which partitioned images into a conceptually
identical region. Examples of such methods are Mean-
shift [4], Graph-cut [5] and Active contour [6].

Secondly, the idea of some object detection methods is
background based. In these methods, object detection is
only possible by creating a representation of the scene
known as the background model, and then searching for
variation from the model for each incoming frame. Any
clear deviation of an image region from the background
indicates an object. Some of such methods are Mixture
of Gaussian [7], Eigen background [8] and Dynamic
texture background [9].

The last category of methods is point-based methods.
They are methods that use points which both the
horizontal and vertical orientation of their intensity
varies rapidly. Such points are called the key points or
interest points. Those points are invariant to changes in
transformation and illumination. Commonly used
detectors which are based on the interest points include
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Harris interest point detector [10], Scale Invariant
Feature Transform (SIFT) [11] and Speed-Up Robust
Features (SURF) [12].

The algorithm conceded in this research is a particular
case of point-based methods known as the gradient-
based method as it is based on the gradient of the
pixels, which is related to the intensity of the points
especially on the edge and vertex. Pedestrian detection
system using the histogram of oriented gradients
(HOG) [13] [14] is a well-known approach in this
category. But, due to the scale variant and
computationally complex nature of HOG, Murat Peker
et al. [15] improved the approach by utilizing the whole
image as a single cell in contrast to the actual idea
which divides the input image into some cells. Then,
AMDF is employed to correct the alignment defect.
Later, the method was implemented on hardware for
robotics education [1] and industrial laser cutting
application [16].

3. Methodology
Feature Extraction

The 1-D mask is used to calculate the gradient (i.e. in
horizontal and vertical direction) for the entire pixels on
the image using equation 1 and 2 respectively. The
entire image was considered as a single region instead of
segmenting the image into many sub-regions. Hence,
this increases the feature extraction throughput.
Moreover, equation 3 and 4 were employed to calculate
the gradient magnitude and orientation respectively.

Ultimately, the histogram is a vector of length equal to
the number of bins, i.e. 360 in this case. Although, each
element of the histogram corresponds to a bin (i.e. the
category of orientation angle) and the values of the bins
are the cumulative weights of gradient magnitude of all
the pixels in the image. However, this is based on the
values of their respective orientation angle. Although, on
each pixel of the image, the value of its orientation angle
determines the bin it belongs to. Hence, the magnitude
of the pixel gradient is added to the value contained in
that bin. But, the threshold value selected determines the
pixel gradient to be added. In some instances the study
utilized 0.2 gray levels threshold value; therefore, in this
case, any pixel value with magnitude less than 0.2 gray
levels are rejectedUnits

Alignment Correction

HOG is not completely invariant to changes in
orientation, to correct this defect a successful match
between the input and reference should be possible
irrelevant to the degree of rotation. For this purpose, we
propose to use; the Average Magnitude Difference
Function (AMDF) algorithm. It is an algorithm used in
speech processing to obtain a quantity which indicates
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the dissimilarity between the speech waveform in a
frame and its lagged version. In this study, HOG
features are compared to a reference HOG vector using
AMDF.

Equation (3) is utilized to obtain the AMDF difference.
The AMDF of a signal S_i and it lagging version S_(j-
T) is given in the equation below where N is the number
of bins.

1
fAMDFU(T) =N IiV:1|5i - Sj_f| t=01..N—-1
(3.1)

Classification

Classification is a decision-theory for the identification
of images. Image classifiers study the numerical
properties of image features and arrange the data into
classes. For classification algorithms such as Support
Vector Machine [17], Neural Network [18] or Adaptive
boosting [19], to properly function two phases of
processing are involved: training and testing. In training
phase, distinct properties of image features are secluded
and then used to uniquely describe the classification
categories, called training class. In the testing phase,
these training classes are used to classify input image
features. In this study, to compare the performance of
the classifier AMDF, XCF and KNN will be employed
to classify the images in the databases, although MLP is
required for the complete implementation of the
proposed algorithm.

Multi-layer Perceptron (MLP) was found to be one of
the most popular among the Neural Network (NN)
category. It is a network which comprises of neurons.
Each pair of neurons is interconnected with weight, and
all the neurons in the network are aligned in groups
called layers. Hence, for classification or regression,
each MLP constitute of; an input layer, one or more
hidden layer and an output layer. In classification, the
number of inputs and output is determined by the
amount of data and classes involved, respectively.
Therefore, the number of neurons in the input and the
output layers determine the size of the input and output
patterns.

It is a feed forward network where data at the inputs are
propagated to the out by passing through all the
neurons. That is, the value of any neuron in the hidden
and output layers is the weighted linear combination of
all the neuron in the previous layer. An activation
function is employed to set some constrains on the
output of each neuron. Among the activation functions,
sigmoid function is well-known and widely used.

Where Zm is the input to the output layer node, Wo is

and, the summation function f(x) is;

(x) = Z%:l WOmem (32)

The complete network is shown in Figure 2.4.

For MLP to function effectively, training is required.
Therefore, to train the algorithm, a set of training data
are prepared, which contain inputs and their
corresponding targets. All weights are set to initial
random values. An input (Xn) is passed to the
algorithm, and then the output (YK) is compared to the
corresponding target (tk). The difference between the
output and target is the error (E). A cost function
computes the error as shown in the equation 2.19,
where, S is the amount of pattern in the data set, and L
is the total number of the output nodes.

1 2
E=-35, %k - %) @3

To achieve the desired results by properly training the
network, back propagation algorithm was utilized. It is
an algorithm which minimizes the error between an
input and its targeted value by continuously adjusting
the weighted connection between them iteratively.
Hence, the aim of the training is to optimize the weight
by reducing the error to a minimal value.

4. Simulations and Results
A. Experiments with Database |

In the initial stage, a database of images, which imitate
the real industrial environment, was created. Hence, it
contains image of ten different plane shape (i.e. star a
star b, triangle a, triangle b, hexagon, parallelogram,
circle and Pentagon. Each of the plane shapes was
produced in different three scales. However, some
images were rotated and deformed while others were
partially occluded.

For the complete evaluation, the algorithm was
combined with three different classifiers (i.e. ACF,
AMDF and KNN) instead of the MLP classifier to
prove the effectiveness of the algorithm with different
classifiers. In these experiments, for KNN as a
classifier; K = 1. The results obtained was summarized
in Table 111

Table 1. The summary of the classifiers comparison on database |

the weighted connecting the hidden layer and the output
. . . . Overall
layer, and m is the number of nodes in the previous Experiments
| the kth outout (YK) is ai i Performance
ayer, the kth output (YK) is given as; The algorithm with KNN as a 35.93%
1 classifier

Y = 1+ exp(—f(x)) 3.17) The algorithm with AMDF as a 47.35%
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classifier

The algorithm with XCF as a 50.06%
classifier

Table Il presents the results obtained; it can be

observed that on average more than 49% of the images
were misclassified in all the experiments. Consequently,
the overall performance was poor since only 50.06%
success rate was recorded as the maximum.

B. Experiments with Database |

The essence of the study is to analyse the algorithm
proposed by [Altun et al. 2013] an algorithm which will
be used in the industrial environments. Therefore, to
complete the evaluation of the algorithm, the research
proceeded to test it in the real industrial environment.
Hence, a database of some industrial products was
generated. Database 11 consists of images obtained from
an industrial scene which has a lot of variation in
texture, size and type. Different lightening condition
also poses a threat.

The images of the industrial products utilized are
categorised into three different classes. Class A contains
five different types of circular objects which are also of
different size. An elliptical object which is captured in
five different poses (i.e. 0, 72, 108, 144 and 180
degrees) formed the content of class B. Moreover, to
create more confusion to the algorithm class B object
were produced in two sizes. Class C consists of objects
with four sides, i.e. a square and a parallelogram. Each
of class C objects was rotated from O to 180degrees
with the step size of 36degrees.

Furthermore, for each class, the images were captured
in three different lightening conditions. Class A has 169
images while Class B and C contain 90 and 80 images
respectively. Therefore, the database has 339 images in
total.

The same sets of experiments were conducted on
database Il. The pre-processing step was applied but, no
threshold value was selected. The summary of the
results obtained is presented in Table VI.

Table 2. The summary of the classifiers comparison on database Il

There was an improvement compared to the results
obtained with the database | because the algorithm with
AMDF and KNN as a classifier recorded 75.22% and
71.39% respectively. The performance of the algorithm
with XCF as a classifier was very poor as only 10.32%
success rate was recorded.

To compare the performance of the algorithm with that
of other feature extraction algorithms, SIFT and SURF
feature obtained on database 11 were classified by MLP.
SIFT has 128 key points which were utilized in training
MLP while SURF uses 64 key points. Table VII
summarises the results obtained.

Table3  Summary of sifting, surf and the proposed algorithm on

database I
Experiments Overall
Performance
SIFT and ANN 53.42%
SURF and ANN 84.93%
The Complete Algorithm 98.10%

As can be seen from the result obtained, the
combination of HOG, AMDF and the three classifiers
(KNN, XCF and AMDF) implemented on the database I
yield poor results, i.e. 35.93%, 47.35% and 50.06%
respectively. The reason behind this is that the shape of
some objects in the database appears irregular because
they were heavily deformed. The edges of some objects
were blunt due to the level of noise on some images and
the presents of identical objects in different classes. All
these pose a severe disturbance to the classifiers
because; the corresponding HOG vector would be
heavily deteriorated. Nonetheless, the proposed
algorithm was able to accurately identify 92.62% of the
objects in the database, i.e. 40% above the others. The
experiments conducted also prove that the proposed
algorithm does not respond well to very heavy image
noise as its performance increased to 97.7% when the
image noise was reduced to 0.01 on some images while
others have 0.07 noise level.

There is an improvement on the results obtained on
database 11 except experiment conducted with XCF as a
classifier; this is because database 11 contains real-world
images which are less complicated. Similarly, the
results recorded by implementing HOG, AMDF and the
three classifiers (ACF, AMDF and KNN) were less

Experiments Overall when compared with that of the algorithm. Hence, this

Performance is as a result of the complications in the database which

The algorithm with XCF as a 10.32% is as follows: some white objects are captured on a

classifier white background under a very bright white light. Due

The algorithm with KNN as a 71.39% to the low light intensity of some image, a black object

classifier is difficult to detect, and the presence shadows in some
The algorithm with AMDF as a 75.22% images also pose a threat.

classifier

The Complete Algorithm 98.10% The algorithm recorded a better performance even when

compared with SIFT and SURF because, the database

used contains the image with the light texture which
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causes to detect few, poor key points and descriptors.
Therefore, despite it has been shown in some literature
that SIFT and SURF perform well for complicated
images, the objects in the database Il are considered as
the simple object with light texture. Hence, this also
proves that within the contexts of this study, which tries
to mimic real industrial environment, the proposed
algorithm is better than SIFT and SURF because it
shows higher performance. Table 6.7 gives the
summarized comparison of the results.

5. Conclusion

This study aimed at evaluating a newly
proposed algorithm that accurately detects objects in an
industrial environment. The above-mentioned goal can
only be achieved by evaluating the algorithm under
some challenges such as partial occlusion, illumination
variation etc. Hence this thesis proposed an algorithm
that will accurately detect objects in an industrial scene.
It is formed by the combination of HOG, AMDF and
MLP NN. That is HOG is used to extract features from
an image, then AMDF is employed to properly align the
image. Finally, MLP NN classifies the features
extracted.

For proper evaluation, two databases were generated.
The first one contains images of plain shape but, to
mimic the real world some object on the image is
partially occluded, scaled, rotated and deformed while
others are polluted with noise. The second database
consists of images of real industrial products which are
of different shapes and sizes, captured under different
lightening condition.

The proposed algorithm was implemented by using four
different classifiers which are Average Magnitude
Difference Function (AMDF), K — Nearest Neighbour
(KNN), Cross-correlation Function (XCF) and Multi-
layer Perceptrons (MLP). Then it was compared with
other feature extraction algorithms (i.e. Scale Invariant
Feature Transform (SIFT) and Speed-Up Robust
Features (SURF)) for further investigation.

The result of the experiments conducted reveals that the
proposed algorithm performed well. Since 92.62% and
98.10% success rate were obtained when implemented
with the database | & Il respectively. Note that, within
the context of this study, the proposed algorithm also
performed better than SIFT and SURF though 53.42%
SIFT and 84.93% SURF features were accurately
classified.
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