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Abstract. In image retrieval, the shape feature is one of the key features of
image content description. At present, most of the widely used Fourier
descriptors in shape descriptors are invariant in translation, rotation and scale
expansion. But Fourier descriptors are susceptible to the location of the starting
point. In this paper, an improved image retrieval method based on Fourier
descriptors is proposed. First, the image is preprocessed and the edge of the
image is extracted. Secondly, the starting point of the contour is determined by
the minimum inertia axis. Then Fourier transform is used to get eigenvectors.
Finally, the correlation coefficient is used to calculate the similarity. Experi-
ments show that the Fourier Descriptor Image Retrieval Method based on the
minimum inertia axis is more efficient than other methods in Swedish Leaf
database.
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1 Introduction

Now, with the growing Internet technology, tens of thousands of product images are
pouring into people’s sight every day. Along with the influence of e-commerce on
people’s life and shopping habits, simple text information retrieval can no longer meet
people’s requirements for product retrieval. Content Based Image Retrieval [1, 2]
mainly uses visual features such as color, shape, texture, spatial relationship, etc., and
relies on image processing technology, recognition technology, artificial intelligence
and computer vision technology to realize image retrieval [3]. In the image of the
product, the shape is often associated with the target, which is in line with the visual
habits of people to recognize the object, and has certain semantics. Therefore, the shape
is widely used as a discriminating element in the field of content-based image retrieval.
In many applications, shape captures most of the perceptual information of an object on
an image, while colors and textures can often be omitted without affecting retrieval
performance. But the shape may be affected by factors such as deformation, scaling,
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orientation changes, noise and partial hiding. Therefore, accurate description of the
shape is still a challenging technical issue.

For image retrieval systems based on shape features, the description of the shape of
the image is very important. Shape features can be divided into two main categories:
contour-based features and region-based features. The contour-based description
method only uses the boundary information and loses the internal content of the shape,
so the versatility is not high. The region-based description method utilizes the internal
pixel information of the target shape, which can be applied to general occasions.
However, all the region description methods currently extract the spatial features of the
shape, so it is sensitive to subtle changes in noise and shape, and is resistant to
interference. The ability is relatively poor.

In many existing shape feature descriptors, the Fourier descriptor has several
desirable features, such as low computational complexity, sharpness and coarse to fine
description, which makes it a popular descriptor. A new method for extracting Fourier
descriptors that preserve the phase of Fourier coefficients is proposed by Sokic [4].
Introduce specific points, called pseudo-mirror points, and use them as shape orien-
tation references. It helps extract the phase-preserving Fourier descriptor and is con-
stant under translation, scaling, rotation and starting point changes. Performance and
computational complexity measurements indicate that the proposed method is superior
to other phase-based Fourier descriptors. El-ghazal et al. [5] proposed a new curvature-
based Fourier descriptor (CBFD) shape retrieval. The proposed descriptor has an
unconventional view of the curvature scale spatial representation of the shape profile
because it is considered a two-dimensional binary image (hence the curvature scale
image or CSI). The invariant descriptor is derived from the two-dimensional Fourier
transform of the curvature scale image. This approach allows the descriptor to capture
the detailed dynamics of the shape curvature and improve the efficiency of the shape
matching process.

2 Image Shape Feature Extraction Based on Minimum
Inertia Axis

2.1 Fourier Descriptor

First, the product image is binarized, and the binarized product image p(x,y) is
characterized by only two pixels of black and white. Black is the target pixel, denoted
as p(x,y) = 1, white is the background pixel, denoted as p(x,y) = 0. Second extract
the coordinates of the shape boundary from the image. In order to apply the shape
description method, the equal length sampling is performed by the difference method,
and the contour of the shape is resampled with a fixed number of points.

For subsequent analysis, it will be assumed that the shape profile is given by N
boundary points A(k) = (xg,yx), k =1,2,---,N — L.If setx(k) = xx, y(k) = yx, and to
represent them in the plural form, then get the coordinate sequence of the boundary [6]:
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s(k) = x(k) +jy(k)(k = 1,2,--- N = 1) (1)

for which the Discrete Fourier Transform may be computed as in the following
equation [6]:

Sk) =S s(k) Kk =1,2,--- K —1) (2)

The Fourier coefficient S(k) is used to derive the Fourier descriptor. In the case of
translation, rotation, scaling and starting point changes, the coefficient S(k) must be
constant. It can be easily seen from the formula that the invariance under rotation and
starting point variation is achieved only by the magnitude of the Fourier coefficient,
while the invariance under translation is achieved by ignoring the DC component
(coefficient S(0)).

Since the Fourier descriptor is related to the scale, direction, and position of the
starting point of the image shape, in order to identify shapes with rotation, translation,
and scale invariance, the Fourier descriptor needs to be normalized. According to the
Fourier transform property, the position of the starting point of the object shape
boundary is shifted by o length, the object is magnified by f times, the rotation angle ¢
and the translation displacement (xg,yo), and the new shape Fourier transform coeffi-
cient §'(k) [7]:

S'(k) = f(x' +Y)Be’ + (x0 + iyo)]
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Where: k = 1,2,---,N — 1, ||-|| indicates modulo. From the derivation formulas of
Egs. (3) and (4), it can be obtained that when the image shape is rotated ¢ and the
starting position is transformed by «, the Fourier transform changes its phase ei9 oIk
The object changes its amplitude § when it is scaled; when the object is translated, it
only changes its S(0) component f(xy + iyo). According to the ratio of the modulus of

Eq. (5), the traditional normalized Fourier descriptor Z(k) [8] is:

z(k):w k=12 N—1 (6)

The traditional normalized Fourier descriptor z(k) eliminates the change of mode
and phase through the ratio of the moduli, so that the Fourier descriptor has the
rotation, translation and scale invariance of the shape. However, z(k) is only identified
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using the modulus of the Fourier transform coefficient S(k) as a feature, resulting in
loss of image phase information. In general, phase information is very important for
accurately identifying the shape of an object. All methods that are normalized by touch
will result in an accuracy that is too low in image retrieval. In order to use the
information contained in the phase of the Fourier coefficients, their invariance must be
obtained at the starting point and direction change. If the starting point of the shape
contour is determined, it can be easily implemented.

In the following sections, a novel method for determining the starting position of a
shape will be introduced, which achieves the desired phase invariance.

2.2 Fourier Descriptor Based on Minimum Inertia Axis

Intra-class similarity and class similarity are actually improved by reducing the number
of possible starting points. If compare one shape to all possible angles of another shape,
even if they have no semantic relevance in those directions, it produces the best
possible match between the shapes.

This paper presents a method for finding points with specific geometric and shape
discriminating meanings. Set the starting point to the farthest point of the minimum
inertia axis of the center of gravity and the intersection of the contours, and then fine
tune around the intersection. Make sure the starting point of the contour C;. The center
of gravity formula is as follows [9]:

_ Zpixi Yo = Epi)’i
Zl’i e El)i

Where (x;,y;) is the coordinates of the pixel and p; is the pixel value of the point.

In rigid body kinematics, it is pointed out that the axisymmetric rigid body with
uniform mass distribution has the smallest moment of inertia when rotating around its
axis of symmetry. The axisymmetric object presents two-dimensional shape informa-
tion in the digital image. In the gray image, the target is composed of a pixel point set
p = {((xi,¥)]i € [(xi,¥;)]}, where N is the target The number of pixels included, each
of which can be considered equivalent to each of the quality micro-elements in the rigid
body M. Then, the moment of inertia of the rigid body M for a straight line can be
obtained by integrating the moment of inertia of each mass micro-element. Then the
minimum inertia axis formula is as follows [10]:

=y ®)
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Where d; = 2= @n0-yel. . ) is the barycentric coordinates of the image: 0 is
i \/m 3 ( cayc) ry g

the equal division of all pixel points of the image contour N parts, then the degree of
gravity of the angle between the center of gravity and each boundary point and the
main axis. After determining the minimum inertia axis, this paper determines the
starting point as the farthest point between the minimum inertia axis and the contour
intersection.
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In the new normalization of the Fourier descriptor, the main direction ¢ of the
normalized shape is the angle 0 between the minimum inertia axis and the main
coordinate axis. Since the main direction of the normalized shape is the horizontal
direction, the main direction of the new shape is that the angle between the minimum
inertia axis and the main direction is 0, and according to the derivation of Eq. (9), the
boundary can be estimated by the main direction 0 of the shape. The phase of the
starting translational arc length o affects e %% there by eliminating the phase effect of
the boundary starting point. Define a new normalized Fourier descriptor 7' (k), as shown
in Eq. (10):

S(1)  Bel?eRkg(1)

= = eI 9
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Since the details of the image correspond to the high-frequency part and the contour
corresponds to the low-frequency part of the image, the high-frequency part of the
outline is removed. Since the first point of the Fourier descriptor contains its high-
frequency information, it is normalized. Use ||S(2)|| when it is used.

2.3 Similarity Measure Algorithm and Evaluation Criteria

Similarity Measure Algorithm. In the content-based image retrieval, it is necessary
to calculate the similarity matching between the image to be retrieved and the image in
the database. Therefore, it is undoubtedly very important to define an appropriate visual
feature similarity measurement method for image retrieval. Influence. The extracted
visual features can be expressed in the form of vectors. In fact, the commonly used
similarity measure methods are vector space models, that is, visual features are
regarded as points in vector space, by calculating between two points. The proximity is
a measure of the similarity between image features. This paper uses the Euclidean
distance method.

The Euclidean Distance represents the distance between two points in the Euclidean
space. The Euclidean distance between the two vectors fp, and fpg; is calculated as
follows [7]:

6(fQi?fDBji) = (11)

Which fpp, represents the i feature of the j image in database [DB|, Lg represents the
number of images in the database.

Evaluation Criteria. In the field of image retrieval, the average retrieval precision and
the average retrieval rate are generally used to evaluate the performance of the
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algorithm. For the image I, to be retrieved, the precision and recall are defined as
follows [11]:

o Number of related images retrieved
Precision : P(1;) =

12
Total number of images retrieved (12)

Number of related images retrieved

Precision : P(1;) (13)

= The total number of related images in the database

For the image I, to be retrieved, the average precision calculation formula (6) is
shown in Eq. (14) [12]:

|DB|

PlL,n) = [0lo(t), o(t,)] (14)

Where n represents the number of related pictures retrieved, [DB| represents the size
of the database, and ¢(x) represents the type of x.

For the image to be retrieved /,, the average recall calculation formula (6) is shown
in Eq. (15) [12]:

|DB|

Plly,n) = |06 (), 0(1y)| (15)
i=1

Where N represents the total amount of images associated with the image 1, to be
retrieved.

It can be seen from the above formulas (14) and (15) that each image in the image
database is used as the image to be retrieved, and the calculated precision is averaged to
obtain an average precision. Similarly, the image is obtained. Each image in the
database is used as the image to be retrieved, and the calculated recall rate is averaged
to obtain the average recall rate. The paper uses the average retrieval precision and the
average retrieval rate as the evaluation criteria for retrieval performance.

3 Experimental Results and Analysis
3.1 Experimental Environment and Data

(1) Experimental environment: Matlab R2016b, Windows 10 operating system.
(2) Experimental data (Fig. 1):

Data preprocessing: Since the product images are all color images, the image is first
converted into a binary image and the binary image is subjected to threshold pro-
cessing; secondly, the coordinates of the edge points of the image contour are extracted,
and the difference between the coordinate points is obtained with equal spacing.
Contour coordinate point; then find the image centroid under the obtained coordinate
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Fig. 1. An image of each plant in the Swedish Leaf database. Source: Swedish Leaf database as
an experimental sample.

point to determine the minimum inertia axis of the image, and find the intersection of
the minimum inertia axis and the image contour to determine the starting point of the
Fourier transform next, and determine the image coordinate point after the starting
point The Fourier transform is performed to obtain the feature vector. Finally, the
image retrieval is realized by calculating the distance between the feature vector of the
image to be retrieved and the feature vector of the image in the image database.

3.2 Image Shape Feature Extraction

As can be seen from the process of image feature extraction in Fig. 2, (a) is the original
image of the leaves in the Swedish Leaf database, the size is 256 x 154, (b) is the

(a) Original image (b) Threshold processing (c) Contour edge extraction

I
(d) Selection of minimum inertia axis (e) Starting point determination

Fig. 2. Image feature extraction.
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image threshold processing, using the automatic threshold processing method for the
leaves The image is subjected to threshold processing; (c) is based on the contour edge
extraction method. In the image retrieval based on Fourier descriptor, the required
Fourier points are equidistant, so the equidistant interpolation method can guarantee
The accuracy of the Fourier descriptor in the image retrieval process; (d) is the min-
imum inertia axis of the selected image; and (e) is the determination of the starting
point of the image.

3.3 Feature Matching Results and Analysis

In the retrieval experiment, the number of boundary sample points for each shape
contour is 256. A total of 50 low frequency Fourier coefficients are used to determine
the similarity between the two shapes. Each shape in the database is treated as a query
object. For each query, record the accuracy of the recall at each level. The FMAL
accuracy retrieved is obtained by averaging all query results at each recall level. In
theory, as the recall rate increases, so does the accuracy.

We compare the improved method with the retrieval of several widely used or
recently introduced feature functions on two databases. These feature functions include
CD, CC and FPD. 50 Fourier coefficients are reserved for each function to calculate the
similarity between the two shapes.

Figure 3 shows the average accurate recall graph test on the Swedish leaf database,
where each curve represents a method and the improved method is represented by
MIAFD.

150
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Fig. 3. Precision-Recall curve using five methods on the Swedish leaf database.

The experimental results show that the accuracy of the Fourier descriptor based on
the minimum inertia axis is significantly improved on the Swedish leaf database. This
shows that the method of determining the starting point position of the contour through
the minimum inertia axis is effective for image retrieval in this paper, which not only
ensures that the Fourier descriptor is not affected by the starting position, but also
improves the accuracy of the image.
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4 Conclusion

The shape description of the Fourier description is performed by determining the
position of the starting point. Determining the starting point position by the minimum
inertia axis is valuable for determining shape feature based retrieval. Where the starting
point and rotation invariance are required, the minimum inertia axis determining
starting point can be used to improve the shape description method. Combined with
scale normalization and Fourier coefficient-based retention principles, they can be used
for contour normalization to apply other more complex shape description techniques.
Experiments performed on commonly used Swedish leaf databases have shown that
this method is effective compared to other Fourier descriptors.
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