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ABSTRACT

According to a priori knowledge in complex conditions, this paper proposes an unsupervised
image segmentation algorithm to be used for clothing images that combines colour and tex-
ture features. First, block truncation encoding is used to divide the traditional three-dimensional
colour space into a six-dimensional colour space so that more fine colour features can be
obtained. Then, a texture feature based on the improved local binary pattern (LBP) algorithm
is designed and used to describe the clothing image with the colour features. After that, accord-
ing to the statistical appearance law of the object region and background information in the
clothing image, a bisection method is proposed for the segmentation operation. Since the image
is divided into several subimage blocks, bisection image segmentation will be accomplished
more efficiently. The experimental results show that the proposed algorithm can quickly and
effectively extract effective clothing regions from complex circumstances without any artificial
parameters. The proposed clothing image segmentation method will play an important role in
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computer vision, machine learning applications, pattern recognition and intelligent systems.

1. Introduction

Image segmentation can separate regions of interest
(ROI) in an original image from complex background
environmental conditions. Popular papers have practi-
cally specialized in the image segmentation of garment
images in complex circumstances and scenes. Clothing
images have their own inherent features, character-
istics, visual features, and colour. The image texture
of clothing types contrast with background circum-
stances. According to these features and characteris-
tics, many researchers have performed studies in these
research fields. Previous work [1] includes studies based
on the colour feature of an image, wherein a clothing
image segmentation method using the mixed Gaussian
model was proposed. However, this proposed method
[1] only considered the colour features of clothing
images without considering the existing texture fea-
tures extracted in the images. The mean shift algorithm
was also proposed in the literature [2]. The original
images in this work were consistent with the image seg-
mentation procedure. The characteristics of regional
collection and the method of human-computer inter-
action through manual rough mark segmentation
achieved better results than other solutions. However,
the algorithm had a high dimensionality, with 4,096
dimensions. and high computational complexity; addi-
tionally, human-computer interaction was required
to obtain the final segmentation results. In another

study [3], the author designed the JSEG segmentation
algorithm, which has been applied to image saliency
regions to discriminate the dressing area and back-
ground area using human face detection on dress and
clothing segmentation. Another work [4] on cloth-
ing image segmentation procedures used two cluster-
ing architectures and achieved good results. The main
idea of this method was the first use of the mean
shift algorithm, which used the numbers N and N to
obtain a regional feature vector; then, two clustering
k-means algorithms were applied, and the image seg-
mentation results of this method were more stable than
those of others. Another previously designed algorithm
[5] used the histogram threshold method combined
with an improved fuzzy c-means clustering algorithm
to segment the image and achieved good results. One
image segmentation algorithm designed in a previous
study [6] segmented the image into shapes using a
priori knowledge of the object. The a priori informa-
tion was then incorporated into an energy function.
The main idea of the proposed adaptive shape method
was that less object edge information required more
shape information. The method utilizing the grayscale
image segmentation effect performed better than oth-
ers. One paper [7] presented an improved texture
image segmentation method based on region merging
with LAB features, colour features and texture features
fused to the Gabor energy of the original image. Then,
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using the man-machine interactive method for the
image segmentation process, the algorithm achieved
artificial image segmentation. Then, another work [8]
designed and optimized this algorithm. Further designs
of the proposed algorithm were then presented in
the literature [9,10]. One work [8] used LBP texture
features instead of 4,096-dimensional feature vectors,
colour fusion characteristics of the object image feature
description, and segmentation to improve the efficiency
of the algorithm. In another paper [11], the tradi-
tional active contour segmentation algorithm, defining
oversegmentation and undersegmentation of texture
images, was used to analyze isotropic and anisotropic
diffusion, and an edge-preserving fuzzy texture design
function considering image gradient was used to estab-
lish a fuzzy model of image texture change. Additional
experimental results have been obtained in previous
works. One such work in the literature [12] used the
improved graph cut algorithm based on colour fea-
tures and texture features. The regularization parame-
ter local adaptive structure avoids the foreground and
background colours, similar to the graph cut algorithm,
which can easily produce false image segmentation and
lead to the shrinking bias phenomena. This kind of
algorithm has achieved good results but also reduces
the complexity of the algorithm and requires manual
user participation to realize the image segmentation
effect.

In this paper, an unsupervised fuzzy segmentation
algorithm for unsupervised clothing images based on a
priori knowledge, which combines colour features and
texture features, is proposed. The proposed algorithm
can realize the adaptive image segmentation of clothing
images in complex circumstances and scenes without
any artificial parameters.

2, The proposed algorithm

The colour feature and texture feature characteris-
tics of clothing images contrast with the background
conditions. Therefore, to accurately describe the effec-
tive content of the original images, we should inte-
grate colour features and texture features. This paper
first extracts six-dimensional colour features using
block truncation coding (BTC) and the optimized LBP
algorithm to obtain texture features suitable for the
fusion of six-dimensional colour features. Image seg-
mentation is used to classify the image pixels of the
original images into the object areas and the back-
ground area. However, if image segmentation is per-
formed directly at the level of image pixels, because the
number of image pixels contained in the original image
is very large, the image segmentation algorithm will be
more complicated than other solutions. Additionally, a
single image pixel cannot reflect the colour features and
texture features of the garment. Therefore, the image is
divided for block processing. For each subimage block,
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the colour features and texture features are extracted,
and the subimage blocks are clustered and divided into
two categories, which are the object area and back-
ground area, to achieve image segmentation. Before the
clustering operation, two types of clustering centres can
be determined according to a priori knowledge to avoid
clustering around a local optimum.

2.1. The color features based on block truncation

The RGB colour model is the built in default of the
colour features model. This result is not consistent with
the human visual perception [13] of colour differences,
so it is necessary to transform the RGB colour model
into a uniform model, suitable for clustering the colour
model. This paper has chosen to use the LAB colour
model.

Block truncation coding (BTC) is a classic compres-
sion method. It was originally applied to lossy compres-
sion of an original image. The algorithm transforms
the image into blocks of suitable size, and at the same
time, the average value and standard deviation of the
holding block of image pixels can reduce the number of
grayscale values of the image to achieve the purpose of
the works in [9] and [10] regarding image compression.
This paper obtains the colour features of an image block
using this method. The traditional LAB colour model
can only obtain three-dimensional colour features. In
this paper, we used the BTC algorithm to obtain six-
dimensional colour characteristics, and the description
of colours is more accurate. Assume that there is an
image block of size M x N. The image pixel X;; of line
i and column j can be regarded as the feature vector
containing the three components of L, a and b. The
three components can be expressed as X;;(L), Xjj(a) and
Xij(b), respectively. The proposed algorithm steps used
to calculate the colour feature of the image block are as
follows:

(1) The mean and standard deviation of the three com-
ponents of L, a and b in the image block are calcu-
lated and recorded as L, 4, and b, and o}, 0,, and
op, in which:

_ 1 L
L= X (1)

i=1 j=1

1 M N .,
1= | 222K =D @)

i=1 j=1

In the same way, g, b, o, and ¢y, are calculated.

(2) The three components of L, a and b of the image
block are truncated, and the L component is taken
as an example. L is regarded as the threshold and
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is compared with the L value of all image pix-
els in the image block, which is less than the
threshold set to Loy, and in contrast, can be set

to Lhigh:
- / p
Liow =L — _ 3
low oL MxN—p (3)
_ M x N —
Lhigh =L+0L‘/Tp (4)

p is the number of image pixels in the image block with
an L component greater than or equal to the thresh-
old L.

(3) We also perform truncation processing for all
image pixels of the a and b components in
the image block so that we can obtain the six-
dimensional colour features of image blocks Ljqy,

Lhighs @low> @high> blow and bhigh.

2.2. Improved LBP texture features

Local binary patterns (LBPs) is a term used to describe
local texture features of image operators [14]. In the 3 x
3 image pixels of a neighbourhood, patterns starts from
the top left image pixel and move in a clockwise direc-
tion. If the pixel neighbourhood point value is greater
than or equal to the centre pixel, it is recorded as 1, 0,
8 so that a bit binary number is obtained as shown in
Figure 1(a) [15-17]. In the centre of the LBP neighbour-
hood, the characteristics of the centre image pixel are
converted to the binary “11001001” and to the decimal
“2017, and this value reflects the relationship between
the image pixel and its neighbourhoods. In this way,
the LBP texture features of all image pixels in the block
correspond to a decimal value. These feature statistics
represent the characteristic value of the histogram as
texture features of image blocks. However, the texture
features and colour features are directly fused because
the resulting histogram is 256-dimensional, and the
colour features are only six-dimensional. Because the
characteristics of the two-dimensional features result
in the description of the features of image blocks, the
texture features occupy the dominant position, and the
colour features of the effect are very limited. To solve
this problem, the original LBP texture feature extrac-
tion algorithm is improved to reduce the dimensional-
ity of the texture histograms while minimally affecting
the image texture profile. This is shown in Figure 1(b).
For the LBP features, the statistical centre pixel, using
four to eighty as the centre of the neighbourhood in
1010, is converted to the decimal ten. Because the num-
ber of neighbourhood image pixels in the reduced sec-
ond value model number is smaller, the corresponding
decimal number is only in the range 0-15, which will

99 215 | 33 99 215 | 33
102 | 80 ™ 102 | &0 ™
T 21 101 T 21 101

(a) Original LBP Features (b) Improved LBP Features

Figure 1. Texture feature extraction.

reduce the texture features from 256 dimensions to 16
dimensions.

2.3. Image segmentation operation

After dividing the original image into image blocks and
extracting the colour features and texture features from
the subblocks [18-20], the image segmentation is actu-
ally the image classification of blocks, and the subimage
blocks are divided into two categories: object area and
background area [21,22]. As the number of categories
is known, the k-means algorithm can theoretically be
used for clustering. However, the k-means algorithm
is more sensitive to the initial clustering centre. If the
initial clustering centre is not properly selected, it may
lead to the algorithm converging to a locally optimal
solution. A large number of clothing pictures can be
found through the experimental analysis, and the sta-
tistical rule is shown in Figure 2. It performs a 10 x 10
image segmenting operation; the clothing is the object
area of the original image, so the image that is most
within the clothing area appears in the image in the
middle position of the marked figure’s several image
blocks, basically belonging to the background region
[23-26]. In this paper, a two-point method based on
prior knowledge is proposed.

As shown in Figure 1, if each image is divided into
a 10 x 10 mesh, the eight-blocks of the background
area are marked according to the a priori knowledge,
and the probability of a block being in the background
area is very large. Assume that an image S contains N
subimage blocks, namely, s = {s1,s,,...,sn}, and each
subimage block s; can be regarded as a 22-dimensional
feature vector after the above feature extraction. These
subimage blocks are divided into two categories: the
object area G; and background area G,. In the ini-
tial case, the eight subimage blocks marked in Figure
2 belong to Gy; that is, Gy = {s1,52,...,57,ss}. All the
remaining subimage blocks belong to G; that is, G; =
{59,510, - - - »SN}. Next, we need to select the subimage
blocks belonging to G that are in G; and put them into
G2, one by one. Finally, the large component area com-
posed of all subimage blocks in G is the object area.
The specific steps of the algorithm are as follows:

(1) The selection of image blocks in G; should follow
the principle of optimal classification, that is, G,



Figure 2. Image segmentation operation.

where the object function is defined as

1
E= Y llsi—s 5
- llsi — sjll (5)

2 icGy,jeGs

ny and n, represent the numbers of image blocks in Gy
and G, respectively, and the objective function repre-
sents the average class distance between the two classes
of Gy and G,. The greater the value, the better the effect
of the classification.

(2) All blocks need to undergo exhaustive G classifi-
cation; namely, the objective function calculation
of 59,510, . . .,sn in the Gy class. When the objec-
tive function s; in G, is the largest value of s; in
Gy, itis removed from Gj. The objective function is
recorded as E(1), and this is the first objective func-
tion performed. At this time, G| = {sj[j # i, 9 <
j <N}and Gy = {s1,52,...,58,Si}.

(3) Repeat step 2 as outlined above until the maxi-
mum object function is E(2) and the correspond-
ing image block is s,. Compare the object functions
E(1) and E(2). If E(2) > E(1), sp is incorporated
into Gy, and repeat the above steps until the cur-
rent objective function E(k + 1) is smaller than the
previous objective function E(k).

(4) Gj contains N — 8 — k subimage blocks, and the
8 + k subimage block is included in G;. The large
component composed of the subimage blocks con-
tained in Gy is used as the final object area, and the
image segmentation process ends.

This algorithm is based on statistical laws and uses
a priori knowledge [27-29] to avoid the problem of the
k-means algorithm when selecting the initial clustering
centre. Additionally, the design objective function opti-
mizes the classification results of each cluster. The use
of a priori knowledge can guarantee that the algorithm
will not fall into a local optimum [30,31]. In addition,
although an exhaustive method is used for classifica-
tion, the efficiency of the algorithm is very high because
of the limited number of image blocks.
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3. Experimental results analysis

To verify the validity of the proposed algorithm, 2,000
clothing images [32] with different background set-
tings were tested [33-35]. First, the improved LBP tex-
ture features were tested, as shown in Figure 3. Figure
3(a) is the original image, and Figure 3(b) is the LBP
value texture image extracted using the traditional LBP
algorithm [36-38]. Figure 3(c) is an improved tex-
ture image. As can be seen from the graph, although
the texture feature is reduced from 256-dimensional to
sixteen-dimensional, it still retains the texture features
of the original image very well.

Then, to verify the feature fusion and the validity of
the proposed dichotomy, five groups of experimental
schemes are designed [32,39,40].

In experiment one, only six-dimensional colour
features are used, as is the segmentation method out-
lined in this paper. In experiment two, only sixteen-
dimensional texture features and the segmentation
method are used. In experiment three, the tradi-
tional LAB colour features [41] are combined with
sixteen-dimensional texture features as well as the
segmentation method. In experiment four, the six-
dimensional colour features proposed in this paper
are combined with sixteen-dimensional texture features
and the segmentation method. In experiment five, the
six-dimensional colour features proposed in this paper
are combined with sixteen-dimensional texture features
and the k-means algorithm [42]. The effect of the exper-
iment is shown in Figure 4 below.

From the experimental results of Figure 4, we find
the following:

(1) Experiments one and two use only a single colour
or texture feature, so in the complex background
image or when the clothing has a complex colour
change or texture pattern, the segmentation effect
is greatly affected, as shown in Figure 4(b and c);

(2) Figure 4(d), showing experiment three, is
segmented using traditional 3D LAB colour fea-
tures with sixteen-dimensional LBP texture fea-
tures. Figure 4(e) of experiment four shows the
results when using the six-dimensional LAB colour
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Figure 3. LBP texture feature sketch map.
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feature proposed in this paper with sixteen-
dimensional texture segmentation, the combina-
tion of colour features and texture features, and the
colour features and texture features of the mutual
segmentation from experiments three and four.
Compared to these two experiments, the over-
all experimental results are significantly improved.
It can be seen from the experimental results
that the segmentation results of six-dimensional
truncated LAB colour features combined with
sixteen-dimensional texture features have better
segmentation results.

Figure 4(f) in experiment five combines the
sixteen-dimensional ~ texture  features and
six-dimensional colour features proposed in this

(2) Origina_lmage

(B) Traditional LBP Texture Feature Gaﬂlp‘

(c) Improved LBP Texture Feature Gra

¥ =

h

paper and implements image segmentation using
the k-means algorithm. The contrast of these
results with those of experiment four can be
seen because the k-means algorithm uses stochas-
tic methods to determine the clustering centres,
which leads to the image segmentation result
being unstable, and background area versus object
area identification errors occur. To address the
problem of the unstable segmentation results of
the k-means algorithm, one solution is to per-
form experiments many times and then deter-
mine the initial clustering centre statistically,
but this undoubtedly increases the time needed
for and complexity of the image segmentation
algorithm.
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Figure 4. Image segmentation test results.

4, Conclusions

This paper proposed an unsupervised segmentation
algorithm based on colour features and texture features
for clothing images, which can be used to extract the
main parts of clothing in complex scenes. Although the
colour features and texture features are fused, the fea-
ture dimensions are not high, and the image is divided
into blocks so the image classification algorithm can be
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quickly realized. Additionally, the validity of the image
classification algorithm is guaranteed to some extent
because of the use of a priori knowledge based on sta-
tistical laws. The experiments show that in all kinds of
complex scenes, we can obtain satisfactory image seg-
mentation results by using the algorithm proposed in
this paper, and we can prepare for subsequent image
understanding and image retrieval.



156 J.ZHANG AND C. LIU

Acknowledgement

This work is supported by Hunan Provincial Social Sci-
ence Fund Planning Key Project (grant no. 17ZDB001),
Hunan Provincial Department of Education Project Key
Project (grant no. 16A011), Hunan provincial social sci-
ence achievement Review Committee Project (grant no.
XSP17YBZC176).

Disclosure statement

No potential conflict of interest was reported by the authors.

Funding

This work is supported by Hunan Provincial Social Sci-
ence Fund Planning Key Project (grant number 17ZDB001),
Hunan Provincial Department of Education Project Key
Project (grant number 16A011), Hunan provincial social sci-
ence achievement Review Committee Project (grant number
XSP17YBZC176).

ORCID

Caihong Liu © http://orcid.org/0000-0002-2557-8090

References

[1] Shelhamer E, Long ], Darrell T. Fully convolutional net-
works for semantic segmentation. IEEE Trans Pattern
Anal Mach Intell. 2017;39(4):640-651.

[2] Wang PQ, Chen PE, Yuan Y, et al. Understanding con-
volution for semantic segmentation. In: Proceedings
of IEEE Winter conference on Applications of Com-
puter Vision. Lake Tahoe, NV, USA; 12-15 March 2018.
p. 1451-1460.

[3] Comaniciu D, Meer P. Mean shift: a Robust approach
toward feature space analysis. IEEE Trans Pattern Anal
Mach Intell. 2002;24(5):603-619.

[4] Dai JE He KM, Sun J. Boxsup: exploiting bounding
boxes to supervise convolutional networks for seman-
tic segmentation. In: Proceedings of IEEE International
Conference on Computer Vision. Santiago, Chile; 7-13
December 2015. p. 1635-1643.

[5] Wang GR, Luo P, Lin L, et al. Learning object interac-
tions and descriptions for semantic image segmenta-
tion. In: Proceedings of IEEE Conference on Computer
Vision and Pattern Recognition, Honolulu, HI, USA;
21-26 July 2017. p. 5235-5243.

[6] Tan KS, Isa NAM. Color image segmentation using his-
togram thresholding - fuzzy C-means hybrid approach.
Pattern Recognit. 2011;44(1):1-15.

[7] Wang H, Zhang H, Ray N. Adaptive shape prior
in graph cut image segmentation. Pattern Recognit.
2013;46(5):1409-1414.

[8] Chen YT, Xiong J, Xu WH, et al. A novel online incre-
mental and decremental learning algorithm based on
variable support vector machine. Cluster Comput. 2018.
DOI:10.1007/s10586-018-1772-4.

[9] He KM, Zhang XY, Ren SQ, et al. Deep residual learn-
ing for image recognition. In: Proceedings of 2016 IEEE
Conference Computer Vision and Pattern Recognition.
Las Vegas, NV, USA; 27-30 June 2016. p. 770-778.

[10] SunYY, XuRD, Chen LN, et al. Image compression and
encryption scheme using fractal dictionary and Julia set.
IET Image Proc. 2015;9(3):173-183.

[11] Zhang ZW, Zhou HY. Image segmentation based on the
region of color space and LBP algorithm. Microelectro
Comput. 2015;36(2):84-87.

[12] Chen YT, Wang J, Xia RL, et al. The visual object
tracking algorithm research based on adaptive combi-
nation Kernel. ] Ambient Intell Humaniz Comput. 2019.
DOI:10.1007/s12652-018-01171-4.

[13] Delp EJ, Mitchell OR. Image compression using block
truncation coding. IEEE Trans Commun. 1979;27(9):
1335-1342.

[14] Ojala T, Pietikainen M, Maenpaa T. Multiresolution
gray-scale and rotation invariant texture classification
with local binary patterns. IEEE Trans Pattern Anal
Mach Intell. 2002;24(7):971-987.

[15] Liu L, Lao SY, Fieguth PW, et al. Median Robust
extended local binary pattern for texture classification.
IEEE Trans Image Process. 2016;25(3):1368-1381.

[16] Tang Z, Su YC, Meng JE, et al. A local binary pattern
based texture descriptors for classification of tealeaves.
Neurocomputing. 2015;168(6):1011-1023.

[17] Chen YT, Xia RL, Wang Z, et al. The visual saliency
detection algorithm research based on hierarchical
principle component analysis method. Multimed Tools
Appl. 2019. DOI:10.1007/s11042-019-07756-1.

[18] Abdulnabi AH, Shuai B, Winkler S, et al. Episodic
CAMN: contextual attention-based memory networks
with iterative feedback for scene labeling. In: Proceed-
ings of IEEE Conference on Computer Vision and Pat-
tern Recognition. Honolulu, HI, USA; 21-26 July 2017.
p- 6278-6287.

[19] Zhao B, Wu X, Peng Q, et al. Clothing cosegmentation
for shopping images with cluttered background. IEEE
Trans Multimedia. 2016;18(6):1111-1123.

[20] Chen YT, Wang J, Chen X, et al. Single-image
super-resolution algorithm based on structural self-
similarity and deformation block features. IEEE Access.
2019;7:58791-58801.

[21] Liang XD, Lin L, Yang W, et al. Clothes co-parsing
via joint image segmentation and labeling with appli-
cation to clothing retrieval. IEEE Trans Multimedia.
2016;18(6):1175-1186.

[22] Li RE Feng FX, Ahmad I, et al. Retrieving real
world clothing images via multi-weight deep con-
volutional neural networks. Cluster Comput. 2017.
DOI:10.1007/s10586-017-1052-8.

[23] Chen YT, Wang J, Chen X, et al. Image super-
resolution algorithm based on dual-channel con-
volutional neural networks. Appl Sci. 2019;9:2316.
DOI:10.3390/app9112316.

[24] Chi JN, Zhang YE Yu XS, et al. Computed tomog-
raphy (CT) image quality enhancement via a uni-
form framework integrating noise estimation and
super-resolution networks. Sensors. 2019;19(15):3348.
DOI:10.3390/s19153348.

[25] Lonhus K, Stys D, Saberioon M, et al. Segmentation
of laterally symmetric overlapping objects: application
to images of collective animal behavior. Symmetry.
2019;11(7):866. DOI:10.3390/sym11070866.

[26] Liu L, Zhang JH, Fu XD, et al. Unsupervised segmen-
tation and ELM for fabric defect image classification.
Multimed Tools Appl. 2019;78(9):12421-124409.

[27] Chen YT, Tao JJ, Wang J, et al. The novel sensor
network structure for classification processing based
on machine learning method of ACGAN. Sensors.
2019;19(14):3145. DOI:10.3390/s19143145.

[28] Priego B, Duro RJ]. An approach for the customized
high-dimensional segmentation of remote sensing


http://orcid.org/0000-0002-2557-8090
https://doi.org/10.1007/s10586-018-1772-4
https://doi.org/10.1007/s12652-018-01171-4
https://doi.org/10.1007/s11042-019-07756-1
https://doi.org/10.1007/s10586-017-1052-8
https://doi.org/10.3390/app9112316
https://doi.org/10.3390/s19153348
https://doi.org/10.3390/sym11070866
https://doi.org/10.3390/s19143145

(29]

(30]

(31]

(32]

(33]

(34]

hyperspectral images. Sensors. 2019;19(13):2887.
DOI:10.3390/5s19132887.

Krestenitis M, Orfanidis G, Ioannidis K, et al. Oil spill
identification from satellite images using deep neu-
ral networks. Remote Sens. 2019;11(15):1762. DOI:10.
3390/rs11151762.

Raccuglia M, Heyde C, Lloyd A, et al. The use of
infrared thermal imaging to measure spatial and tem-
poral sweat retention in clothing. Int J Biometeorol.
2019;63(7):885-894.

Chen YT, Xu WH, Zuo JW, et al. The fire recognition
algorithm using dynamic feature fusion and IV-SVM
classifier. Cluster Comput. DOI:10.1007/s10586-018-
2368-8.

Liu Z-W, Luo P, Qiu S, et al. Deepfashion: powering
Robust clothes recognition and retrieval with rich anno-
tations. In: Proceedings of IEEE Conference on Com-
puter Vision and Pattern Recognition. Las Vegas, NV,
USA; 27-30 June 2016. p. 1096-1104.

Wang J, Gao Y, Liu W, et al. An intelligent data
gathering schema with data fusion supported for
mobile Sink in WSNs. Int J Distrib Sens Netw. 2019.
DOI:10.1177/1550147719839581.

Zhou SW, He Y, Xiang SZ, et al. Region-based compres-
sive networked storage with Lazy encoding. IEEE Trans
Parallel Distrib Syst. 2019;30(6):1390-1402.

(35]

[36]

(37]

(38]

(39]

[40]

[41]

(42]

AUTOMATIKA 157

Zhang JM, Jin XK, Sun J, et al. Spatial and semantic
convolutional features for Robust visual object tracking.
Multimed Tools Appl. 2018. DOI:10.1007/s11042-018-
6562-8.

Deng LL. Pre-detection technology of clothing image
segmentation based on GrabCut algorithm. Wirel Pers
Commun. 2018;102(2):599-610.

Chen J-C, Liu C-E Deep net architectures for visual-
based clothing image recognition on large database. Soft
comput. 2017;21(11):2923-2939.

Nandy A, Pathak A, Chakraborty P. A study on gait
entropy image analysis for clothing invariant human
identification. Multimed Tools Appl. 2017;76(7):9133-
9167.

Lazunin V, Savchenko V. Interactive visualization of
multi-layered clothing. Vis Comput. 2017;33(1):75-84.
Zheng Z-H, Zhang H-T, Zhang F-L, et al. Image-
based clothes changing system. Comput Visual Media.
2017;3(4):337-347.

Zhang JM, Jin XK, Sun J, et al. Dual model learning
combined with multiple feature selection for accurate
visual tracking. IEEE Access. 2019;7:43956-43969.
Zhang JM, Lu CQ, Li XD, et al. A full convolu-
tional network based on DenseNet for remote sens-
ing scene classification. Math Biosci Eng. 2019;16(5):
3345-3367.


https://doi.org/10.3390/s19132887
https://doi.org/10.3390/rs11151762
https://doi.org/10.1007/s10586-018-2368-8
https://doi.org/10.1177/1550147719839581
https://doi.org/10.1007/s11042-018-6562-8

	1. Introduction
	2. The proposed algorithm
	2.1. The color features based on block truncation
	2.2. Improved LBP texture features
	2.3. Image segmentation operation

	3. Experimental results analysis
	4. Conclusions
	Acknowledgement
	Disclosure statement
	Funding
	ORCID
	References

