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Abstract— In this paper, we evaluate an object recognition
system building on three types of method, Gradient based
method, Histogram based method and Texture based method.
These methods are suitable for objects of uniform color
properties such as cups, cutlery, fruits etc. The system has a
significant potential both in terms of service robot and
programming by demonstration tasks. This paper outlines the
three object recognition system with comparison, and shows the
results of experimental object recognition using the three
methods.

One of the most important problems in grasping and
manipulation is the selection of contact points to grasp an
object. Grasping involves fixturing the object relative to a
gripper, and forms a necessary condition for object
manipulation without changing object or finger contacts.
Grasp planning requires a method of evaluating the potential
quality of contact points for fixturing the object. Solutions to
this problem involve specifying an appropriate grasp quality
measure and an algorithm that optimizes this measure to
formulate a reaching plan. A successful reaching plan directs
the fingers to contact points on the object that are both high
quality and achievable by the particular robotic gripper [16].

Index Terms — Gradient based method, Histogram based
method, Texture based method, object recognition.

I.

II. LITERATURE REVIEW
INTRODUCTION

Although generic object recognition and classification have
been one of the goals of computer vision scientists since its
beginnings, there are still a number of major obstacles for
achieving this goal. However, in terms of the identification of
known objects in different poses considering novel viewing
conditions, significant progress has been made recently, [12].
The two main approaches to the problem are appearance and
shape/model based methods. Appearance based approaches
represent an object in terms of several object views,
commonly raw brightness images. By acquiring a set of
object images or reference views, an appearance based object
model is constructed.
Since our previous work considered appearance based
approaches, [10], [3], we will in this paper, consider the latter
approach. The basic idea is that closed 2D curves can be
represented by a periodic function, and hence by Fourier
descriptors. One such method is for example described in
[13]. In this work, closed 2D curves are parameterized, and
Fourier descriptors are used to produce a set of normalized
coefficients which are invariant under affine transformations.
The method is demonstrated on silhouettes of aircraft. Since
the shapes of airplanes are more or less planar when seen
from large distances, they give rise to affine transformations
when rotated in 3D. Hence, the method is ideal for this
specific task.
Syntactic matching of curves has also been used, for example
in [15]. Here, the curve is represented by an ordered list of
shape primitives, and syntactic matching between two curves
is performed by dynamic programming. In this particular
paper the syntactic matching is only used to align the curves.
Proximity matching is then used to measure the similarity
between the shapes. The method can deal with partial
occlusion, and substantial deformations. Experiments
matching the occluding contours of real 3D objects have been
carried out, and the method has also been used to classify a
large set of 2D silhouettes into classes of similar shapes. Like
in [14], this method can be applied to open curves.

Object recognition in computer vision is the task of finding a
given object in an image or video sequence. Humans
recognize a multitude of objects in images with little effort,
despite the fact that the image of the objects may vary
somewhat in different viewpoints, in many different sizes /
scale or even when they are translated or rotated. Objects can
even be recognized when they are partially obstructed from
view. This task is still a challenge for computer vision
systems in general. For any object in an image, there are
many 'features' which are interesting points on the object that
can be extracted to provide a "feature" description of the
object. It is important that the set of features extracted from
the training image is robust to changes in image scale, noise,
illumination and local geometric distortion, for performing
reliable recognition.
In the field of Programming by Demonstration the user
teaches the robot new tasks by simply demonstrating them.
The robot can initially imitate human behavior and then
improve through continuous interaction with the
environment. For task learning by instruction, complex
systems that involve object grasping and manipulation, visual
and haptic feedback may be necessary. If the kinematics of
robot arm/hand system is the same as for the human, a
one-to-one mapping approach may be considered. This is,
however, seldom the case. The problems arising are not only
related to the mapping between different kinematics chains
for the arm/hand systems but also to the quality of the object
pose estimation provided by the vision system. Considering
specifically object manipulation tasks, the work on automatic
grasp synthesis and planning is of significant relevance.
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the horizontal and vertical derivative approximations, the
computations are as follows:

III. COMPARISON OF THREE METHODS
A similar method, also using local features, and also
specialized in recognizing objects with long thin parts such as
bikes and rackets is the method by Mikolajzcyk et al. [20]. In
this work, the SIFT feature [21] has been generalized to
represent the edges in a neighborhood. The algorithm we
have chosen to investigate further is a method by Nelson and
Selinger [2], [11].
The given input image is converted into gray scale image.
The main stage in the 2D correlation based is the creation of a
correlation kernel. Sobel horizontal edge emphasizing filter
is chosen. The Sobel operator is used in image processing,
particularly within edge detection algorithms. Technically, it
is a discrete differentiation operator, computing an
approximation of the gradient of the image intensity function.
The Sobel operator is based on convolving the image with a
small, separable, and integer valued filter in horizontal and
vertical direction and is therefore relatively inexpensive in
terms of computations. Mathematically, the gradient of a
two-variable function (here the image intensity function) is at
each image point a 2D vector with the components given by
the derivatives in the horizontal and vertical directions. This
implies that the result of the Sobel operator at an image point
which is in a region of constant image intensity is a zero
vector and at a point on an edge is a vector which points
across the edge, from darker to brighter values.
Mathematically, the operator uses two 3×3 kernels which are
convolved with the original image to calculate
approximations of the derivatives, one for horizontal changes
and one for vertical. If we define A as the source image, and
Gx and Gy are two images which at each point contain

and

(1)
Where * here denotes the 2-dimensional convolution
operation.
The x-coordinate is here defined as increasing in the
"right"-direction, and the y-coordinate is defined as
increasing in the down"-direction. At each point in the image,
the resulting gradient approximations can be combined to
give the gradient magnitude, using the equation (2)
(2)
Using this information, we can also calculate the gradient's
direction by using (3)
(3)
Where, for example,  is 0 for a vertical edge which is darker
on the left side. Finally 2D correlation coefficients are
computed for the images in the database. If the correlation
coefficients between the two images are less than a
predefined threshold T, then the two images are identical or
non similar object.
3.2 Histogram Based

3.1 2D Correlation Based Method

The equation used in deriving the distance between two color
histograms is the quadratic distance metric:

The block diagram of simple 2D correlation based object
recognition method is shown in Figure (1).
Read intensity
values

(4)

Read intensity
values

Convert from RGB
to Grayscale

Convert from RGB
to Grayscale

Create predefined
2-D filter

Create predefined
2-D filter

Filtering

Filtering

The equation (4) consists of three terms. The derivation of
each of these terms will be explained in the following
sections. The first term consists of the difference between
two color histograms; or more precisely the difference in the
number of pixels in each bin. This term is obviously a vector
since it consists of one row. The number of columns in this
vector is the number of bins in a histogram. The third term is
the transpose of that vector. The middle term is the similarity
matrix. The final result d represents the color distance
between two images. The closer the distance is to zero the
closer the images are in color similarity. The further the
distance from zero the less similar the images are in color
similarity.
Global color histogram is used to extract the color features of
images. In analyzing the histograms there were a few issues
that had to be dealt with. First there was the issue of how
much we would quantize the number of bins in a histogram.
By default the number of bins represented in an image's color
histogram using the imhist() function in MATLAB is 256.
Meaning that in our calculations of similarity matrix and
histogram difference, the processing would be
computationally expensive. The second issue was in which
color space we would present our color map. Should it be
RGB or HSV? This was solved right away when we found

2-D correlation
coefficient

Is C > Th

Similar Object

Non-similar
Object

Figure 1. 2D Correlation based Object Recognition method
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that QBIC's similarity matrix equation was using the HSV
color space in its calculation.
3.2.1 Similarity Matrix
As can be seen from the color histograms of two images Q
and I, the color patterns observed in the color bar are totally
different as shown in Figure (2). This metric is referred to as a
Minkowski-Form Distance Metric, shown in Figure (3)
which only compares the “same bins between colour
histograms”.

Figure 4. Quadratic Distance Approach
This is continued until we have compared all the color bins of
HQ. Finally, we get an N x N matrix, N representing the
number of bins. If the diagonal entirely consists of one’s then
the color patterns are identical as in Figure (5).

(a) Image Q

Figure 5. Similarity Matrix A, with a diagonal of one’s
3.3 Texture Based Method
We used a method called the pyramid-structured wavelet
transform for texture classification. Its name comes from the
fact that it recursively decomposes sub signals in the low
frequency channels. It is mostly significant for textures with
dominant frequency channels.
Using the pyramid-structured wavelet transform, the texture
image is decomposed into four sub images, in low-low,
low-high, high-low and high-high sub-bands. This is first
level decomposition. Using the low-low sub-band for further
decomposition, we reached second level decomposition. The
reason for this is the basic assumption that the energy of an
image is concentrated in the low-low band.

(b) Image I

Figure 2. Colour Histograms of two images

Figure (3): Minkowski Distance Approach

This is the main reason for using the quadratic distance
metric. More precisely it is the middle term of the equation or
similarity matrix A that helps us overcome the problem of
different colour maps. The similarity matrix is obtained
through a complex algorithm:

Figure 6. Pyramid-Structured Wavelet Transform.
3.3.1 Energy Level Algorithm:
The Energy Level Algorithm is given below.
1. Decompose the image into four sub-images
2. Calculate the energy of all decomposed images at the
same scale, using:
(6)
Where M and N are the dimensions of the image, and X is the
intensity of the pixel located at row i and column j in the
image map.
3. Repeat from step 1 for the low-low sub-band image,
until index ind is equal to 5. Increment ind.
Using the above algorithm, the energy levels of the
sub-bands were calculated and further decomposition of the

Which basically compares one colour bin of HQ with all those
of HI to try and find out which colour bin is the most similar,
as shown in Figure (4) :
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for all type of objects irrespective of colour and texture. All
three methods are independent of shapes and orientation.
Although our proposed system tests a small number of
objects, our system is designed to continuously adapt in a
real-time environment, such as robot navigation. In future,
we are going to investigate the possibility of allowing objects
having more complicated shapes.

low-low sub-band image. This is repeated five times, to reach
fifth level decomposition. These energy level values are
stored to be used in the Euclidean distance algorithm.
3.3.2 Euclidean Distance:
The calculation of Euclidean distance algorithm is given
below.
1. Decompose query image.
2. Get the energies of the first dominant k channels.
3. For image i in the database obtain the k energies.
4. Calculate the Euclidean distance between the two sets
of energies:
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5. Increment i. Repeat from step 3
Using the above algorithm the query image is searched in the
image database. The Euclidean Distance is calculated
between the query image and every image in the database.
This process is repeated until all the images in the database
have been compared with the query image. Upon completion
of the Euclidean distance algorithm, we have an array of
Euclidean distances, which is then sorted. The five topmost
images are then displayed as a result of the texture search.
IV. EXPERIMENTAL RESULTS
We have tested the three proposed system with many
objects of different orientation. The test objects are shown in
Figure (7).

Figure 7. Test Images
The experimental results are listed in Table (1).
Methods
2D Correlation
based
Histogram Based
Texture Based Method

Matches/No of
images

% of recognition

28/30

93.3

28/30
29/30

93.3
96.6

Table (1) Recognition Results of three methods
V. CONCLUSION
In this paper, three different methods for object recognition
are evaluated. Experimental results demonstrate that the 2D
correlation based is suitable for objects having less texture
and less colour variation. Histogram based method is well
suited for objects having less textures and is independent of
the colour variation. Texture based method is well suitable
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