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Av. João Naves de Ávila, 2121, 38408-100 Uberlândia, MG, Brazil
Email: arbackes@yahoo.com.br
† Triangle Regional Unit, State Forest Institute, MG, Brazil
Abstract—In several countries the wild boar is an invasive
species that remains widespread mainly due its adaptability
and uncontrolled reproduction. The monitoring of populations
of this pest by camera traps is a promising technique. These
devices capture a large variety of animals, including native species
that share similarities with the wild boar, therefore the precise
identification of the animal species is essential to control the
wild boars. To address this problem, we evaluated 18 different
texture analysis methods on their ability to discriminate between
two native “bush pigs” species of the Brazilian fauna, collared
peccary (Pecari tajacu) and white-lipped peccary (Tayassu pecari),
and one invasive species, wild boar (Sus scrofa). Results show that
species identification is a difficult task due to the similarities
among classes, being the distinction between native and invasive
species an easier task, and that combining of texture methods
improves the accuracy while it diminishes the number of false
positives (i.e., native species classified as invasive).

I. I NTRODUCTION
The wild boar (Sus scrofa) is a species originally from
Eurasia and thereafter spread due to human intervention,
making it the most widespread swine [1]. The species is
present in all continents, except Antarctica, either in the wild
or the feral form [2], descending from escaped domesticated
swines.
Despite overhunting and alterations in land use, the species
remains widespread and abundant, being considered a pest in
several countries, as result of its adaptability, uncontrolled
reproduction [3], depredation on crops and possibility of
disease contagion to other species [4], including native species
of swine. In 2017, the Brazilian government published and it
is executing a plan for the monitoring of wild boars [5].
A straightforward strategy for the task of monitoring is the
use of camera traps. Such devices work 24 hours a day with
the aid of infrared sensors during the night-time hours and use
movement sensors to take pictures of wild animals or record
videos.
Among the pictures taken, several species of wild animals
are registered, producing large quantities of images every
day. In special, we can mention two native species of “bush
pigs” commonly found in almost the entirety of Brazilian
territory: the collared peccary (Pecari tajacu) and the whitelipped peccary (Tayassu pecari). Both species are physically
very similar to the invasive wild boar, therefore the precise

identification of what animal is in a picture is essential to the
control of wild boars.
Separating the wild boar from its similar counterparts is a
difficult task, specially due the wide range of circumstances
images such as the obtained from camera traps are subject
to, e.g. due to noise, motion blur, low contrast, occlusions,
cropped data, etc. Pattern classification, computational vision
and image processing are essential on this task.
In this paper, we evaluate 18 texture analysis methods
applied to the classification of the wild boar, as well as
the native South American “bush pigs”, the collared peccary
and the white-lipped peccary, chosen according to aspects
such as applicability, novelty and efficiency. Firstly, we use
those methods to extract texture descriptors for each image
belonging to the dataset. The number of descriptors varies
from method to method. Afterwards, we approach the classification task of identifying the animal species using K-Nearest
Neighbors (KNN), and Linear Discriminant Data (LDA) [6].
The paper organization is: in the Section II, we discuss the
literature focused on identifying wild animals. Section III
presents details of the dataset, and describes the texture analysis and classifiers adopted. Section IV presents and discusses
our results. In Section V we present our concluding remarks.
II. R ELATED W ORK
Animal identification is a recurrent theme in the literature
of computer vision and image processing. In contrast to plant
biology, the identification task is less complex, owing to the
fact that animal species present well-defined morphological
patterns. Indeed, this is a field with a great deal of attention.
Sharma and Shah [7] studied cow detection in images
using Histogram Oriented Gradients (HOG). The effect of
the distance from the animal to the capturing device is also
explored. Another study that focuses on the detection of cows
is ref. [8], in which Haar features are used along with cascade
classification. In [9], the detection of wild animals used both
shape and texture attributes extracted from animal heads. A
new set of attributes is proposed, which the authors refer to
as Haar of Oriented Gradients (HOOG), later used with an
AdaBoost classifier to find the species.
Wildlife images from the Internet are classified in [10],
where a segmentation step is combined to the responses gen-

erated by Gabor filters. The use of distinct attribute selection
methods is also addressed. Ding et al. [11] use a convolutional
neural network (CNN) to identify four species of fishes using
a dataset obtained from the web.
In [12], Support Vector Machines (SVM) classified regions
with distinct color patterns to identify elephants. The detection
method of large animals in aerial images by [13] introduces
a semi-supervised shape recognition approach employing the
wavelet transform and fuzzy neural networks. In [14], the
authors detect cattle from aerial images [14]. They achieved
good results for different CNNs. Similarly, [15] applied CNNs
for detecting wildlife animals from UAV aerial data. A
CNN approach is also used by [16], where the task is the
identification of individual pigs based on face recognition.
The authors adopted Haar feature-based classifiers to detect
physical characteristics such as face details and eyes, achieving
an accuracy higher than 80% in the best case.
Deep learning techniques are used in [17] to classify animal
species captured by camera traps. Such techniques successfully
automated the task of labeling the images. In [18], shape
analysis worked sucessfully for detecting of seals in thermal
images. In [19], the authors detect bears based on shape and
movement attributes.
As we can see from the literature, computational techniques allow that several features, not manually possible to
measure practice, extracted and then used to identify and
classify animal species. Such attributes extend and improve
the information about the dataset, yielding to a more effective
identification. To the best of our knowledge, the environmental
issue of the spreading of both the wild boar and its feral form is
not yet discussed in the context of image processing, although
some related works mention the species [20], [21]. Therefore,
we believe this paper is the first to address the identification
of wild boars and two of its similar but native counterparts,
the collared and the white-lipped peccaries.

the minimum square region that could be cropped from some
images withouth resizing them.
A human oracle – an expert – labeled all the images, classifying each one as either wild boar or its native counterparts.
The entire dataset was checked to eliminate the presence of
artifacts in the images.
B. Texture Analysis Methods
Over the years, researchers in the area proposed a vast
number of texture analysis methods. Among them, we selected
18 methods based on their good results reported, wide range of
applications and novelty. A brief description of each method
follows:
•

•

•

•

III. M ATERIAL AND M ETHODS
A. Dataset
We collected for this study images of three different species
of wild animals: the invasive wild boar (Sus scrofa); and the
native collared peccary (Pecari tajacu) and white-lipped peccary (Tayassu pecari). Despite belonging to distinct families –
the invasive species belongs to Suidae family, while both the
native ones are representative of Tayassuidae family, all the
three species present very similar appearance and behavior,
making the visual identification of each species a given animal
belongs to a difficult task, even for humans. Figure 1 illustrates
how similar these animals are in appearance.
The dataset has 900 images, 300 for each species. Conditions are diverse, ranging from the capture device (e.g. camera
trap, smart phone, etc.) to aspects such as noise, sharpness,
dimensions and color information (e.g. colored, grayscale).
We cropped the images to a size of 224 × 224 pixels, and
considered them as RGB images, even in the case of the
grayscale samples. We considered this image size as it was

•

•

•

First-order: from the image histogram, we computed
mean, variance, kurtosis, energy and entropy features,
totaling 5 descriptors;
Haralick [22]: this method uses the joint probability
distributions between pairs of pixels at a given distance
and direction to describe the image content. For this
work we considered non-symmetric matrices with θ =
{0◦ , 45◦ , 90◦ , 135◦ } and distances d = {1, 2}. Energy
and entropy are computed from each matrix, totaling 16
descriptors;
Fourier descriptors [23]: given an image, we applied
the bi-dimensional Fourier transform. After applying the
shifting operator over the resulting spectrum, we were
able to compute 111 spectrum descriptors. We computed
each descriptor as the sum of all absolute coefficients at
the same radial distance from the center of the image;
Gabor filters [24]: from the mathematical procedure and
the parameter values proposed in [25], we created a set
of filters applied over the input image, where each filter
is obtained by modulating a 2D Gaussian function with
a sinusoid with different orientations and frequencies. In
the experiments we used 4 scales, 6 rotations, and lower
and upper frequencies of 0.04 and 0.5, respectively, thus
totaling 48 descriptors;
Wavelet descriptors [26], [27]: from the input image we
computed 3 dyadic decomposition using Daubechies 4.
For each decomposition we computed energy and entropy
from horizontal, vertical and diagonal detail coefficients,
totaling 18 descriptors;
Gray Level Dependence Matrix (GLDM) [28]: this
method uses the frequency of occurrence of two pixels
with a determined absolute difference in intensity given
a specific distance and intersample space. In this work
we used 4 distances ((0, d),(−d, d),(d, 0), and (−d, −d))
and 3 intersample spaces (1, 2 and 5). Then, from each
estimated probability-density function we computed 5
measurements (contrast, angular second moment, entropy,
mean, and inverse difference moment), totaling 60 descriptors;
Discrete Cosine Transform (DCT) [29]: from 3 1D DCT
basis vectors (U1 = [1, 1, 1]T , U2 = [1, 0, −1]T , and
U3 = [1, −2, 1]T ) we computed 8 3×3 DCT masks. After

Fig. 1. Animal species in the dataset. From top to bottom row: wild boar (Sus scrofa); collared peccary (Pecari tajacu); white-lipped peccary (Tayassu pecari).
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applying each mask to the input image we computed the
local variance of the output, totaling 8 descriptors;
Local Binary Patterns (LBP) [30]: this method describes a
texture based on local binary patterns, which relates to the
spatial configuration of local characteristics of an image.
From these patterns, it is possible to compute histograms
of their occurrences and use them as descriptors. In
our experiments we used three different configurations,
(P, R) = {(8, 1), (16, 2), (24, 3)}, thus leading to three
histograms;
Complex Network Texture Descriptor (CNTD) [31]:
based on the complex network theory, this approach
models a texture pattern as a network. A feature vector
describes the texture by using the properties of the
original network submitted to dynamic transformations.
In this work, we used radius r = 3 to model the original
network and generated 36 transformations. Then, we
computed energy, entropy and contrast, thus resulting in
108 descriptors;
Lacunarity [32]: initially proposed for binary images, and
later extended to grayscale images, this method uses the
spatial dispersion of gaps of a specific size to measure
and describe a texture pattern. For the experiments we
used a gliding-box with two threshold approaches (local
and global). For each approach the number of thresholds
was defined to maximize the accuracy in the dataset;
Lacunarity 3D [32]: this method extends the gliding-box
approach from lacunarity to analyze the gray level intensity as a third dimension of the image, thus computing
the number of gaps in a 3D grid. Likewise to lacunarity,
the number of thresholds was defined to maximize the
accuracy;
Fractal Descriptors from Local Binary Patterns
(LBP+FD) [33]: This method combines image patterns
obtained using LBP with Bouligand-Minkowski fractal
dimension as a way to extract meaningful information
from an input image. This approach computes N = 11
LBP patterns and it extracts 8 fractal dimension values

•

•

from each, totaling 80 descriptors;
Randomized Neural Network (RNN) descriptors [34]:
this method uses local texture patterns to train an RNN,
later using the weights of the output neuron layer to
describe the original texture image. In this work, we used
two approaches, with and without rotation invariance,
totaling, respectively, 30 and 150 descriptors;
Tourist Walk [35]: this algorithm considers the image
pixels as cities explored by tourists. They can move
from city to city by going to the nearest (or farthest)
city not visited in the last µ time steps. Considering the
specification described in [35], we were able to compute
48 descriptors.

C. Classifier
After computing the texture features from the image dataset,
it is necessary to classify them in their respective classes. In
this paper we evaluated two different approaches of classifiers:
K-Nearest Neighbors (KNN) and Linear Discriminant Analysis (LDA) [6]. A brief description of each classifier follows:
• K-Nearest Neighbors (KNN): this is an instance-based
classifier which uses a voting scheme to classify a sample.
Given an input sample, this algorithm finds out the K
closest samples from the training set based on a similarity
metric and it attributes to the test sample the class present
in most of the K selected samples. In our experiments,
we used Euclidean distance as metric and K = 1 with
standardized features;
• Linear Discriminant Analysis (LDA): this is a statistical
classifier that uses the mean vector of each class and the
covariance matrix of the dataset to compute hyperplanes
that separate the samples into their respective classes.
For both classifiers we used leave-one-out as the validation
scheme. This approach considers each single sample as a test
set, while the remaining samples compose the training set. This
procedure is repeated until all samples are used as test sets.
At the end, we reported the number of test samples correctly
classified as the accuracy of the method being evaluated.

IV. R ESULTS AND D ISCUSSION
First, we evaluated each texture analysis method individually. We considered two scenarios: i) images classified
according to the animal species (3 classes) and ii) images
classified as wild boar or bush pig (2 classes). The LDA and
KNN classifiers were also evaluated in both scenarios.
As we can see in Table I, LDA classifier presents a superior
performance in most cases when compared with the KNN
classifier and this difference of performance intensifies when
dealing with wild boar/bush pig classification. We also noticed
that classifying images into 2 classes is an easier problem than
the species identification, given that all texture analysis methods present a substantially superior performance regardless of
the classifier used.
Regarding the attribute used to discriminate the images, we
noticed that the number of classes involved in the problem
and the type of classifier affect the performance of each
texture method, so that no method gets the best result in more
than one test. More traditional methods (such as Gabor filters
and GLDM) present better results when dealing with wild
boar/bush pig classification, while more recent approaches are
superior for species identification. A possible explanation for
this lies in the fact that these approaches combine different
types of attributes into a single feature vector. That is the
case of LBP+FD method, which combines the analysis of
local binary patterns (LBP) with complexity analysis by fractal
dimension (FD).
We also evaluated whether combining of different texture
analysis methods improves the accuracy in each scenario.
Since we have 18 methods, it would be time-consuming to
evaluate all 218 combinations of methods. Thus, to the best
combination we used Particle Swarm Optimization (PSO) [36].
This algorithm describes a solution of a given problem as
a particle at position [X(1), X(2), . . . , X(D)] in the search
space, where D is the number of dimensions. A measure of
quality is also used to move the particles in the search space
to improve a candidate solution. In our case, D = 18 is the
number of dimensions (texture methods) in the search space
and the measure of quality is the accuracy obtained by the
classifier. During the execution of the PSO we considered
that an i-th texture method is included in the combination
of methods if X(i) ≥ 0.5.
Table II shows the methods selected by PSO for each
scenario. In general, we noticed that the KNN needs more
methods, and so it produces a larger feature vector, to improve
its classification result. Table III shows the results obtained
from these combinations of methods. We noticed a small gain
in the success rate regardless of the number of classes and
the classifier used. However, this gain follows a substantial
increase in the number of attributes used, mainly for the KNN,
where 5.56% gain in the success rate requires 9.1× more
attributes.
Another important aspect of our problem refers to the
number of false positive (i.e., collared peccary or white-lipped
peccary classified as wild boar). For our given problem, the

false positives must never occur (ideal case) or occur with a
very low probability, while it is tolerant of false negatives (i.e.,
wild boar classified as collared peccary or white-lipped peccary). Figures 2 and 3 show the confusion matrices obtained
for the best single method and best combination of methods
for problems involving three and two classes, respectively.
When we consider the task of identifying of the animal
species (3 classes problem), the KNN classifier produces a
slightly lower rate of false positives, despite presenting a
lower accuracy than the LDA. Differently, for the problem
involving the wild boar/bush pigs classification, the LDA
classifier presents a substantially better result.
V. C ONCLUSION
This paper addressed the problem of “bush pigs” identification in real-world footage. During the experiments we
considered two native species of the Brazilian fauna, collared
peccary (Pecari tajacu) and white-lipped peccary (Tayassu
pecari), and one invasive species, wild boar (Sus scrofa).
We evaluated the performance of different texture methods
in two scenarios: to identify the correct animal species and to
discriminate only between native and invasive species. Results
showed that the discrimination between native/invasive species
is an easier task than the identification of the species and
that combining texture methods improves the accuracy while
decreasing the number of false positives (i.e., native species
classified as invasive ones). As future work, we intend to test
more texture analysis methods and how they perform when
in combination with other methods, as also other classifiers,
such as SVM.
ACKNOWLEDGMENT
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Pesquisa Agropecuária Brasileira, vol. 54, 2019.
[5] C. H. S. de Oliveira, “Plano nacional de prevenção, controle e monitoramento do javali (Sus scrofa) no Brasil,” Ministry of Environment and
Ministry of Agruculture of the Brazilian Federal Government, Esplanada
dos Ministérios, Bloco B, Brazil, Brası́lia - DF, CEP 70068-900, Tech.
Rep., 2017.

TABLE I
S UCCESS RATE OBTAINED FOR EACH TEXTURE ANALYSIS METHOD IN EACH ANALYZED SCENARIO . M ETHOD MARKED WITH * MEANS THAT THE
NUMBER OF FEATURES WAS DEFINED TO MAXIMIZE THE ACCURACY.
Method
First Order
Haralick
Fourier descriptors
Gabor filters
Wavelet descriptors
GLDM
DCT
LBP (R = 1)
LBP (R = 2)
LBP (R = 3)
CNTD
Lacunarity (local)
Lacunarity (global)
Lacunarity 3D
LBP+FD
RNN descriptors
RNN (rotation invariance)
Tourist walk

# descriptors
5
16
111
48
18
60
8
8
16
24
108
*
*
*
80
150
30
48

3 Classes
LDA
KNN
45.44
41.67
49.00
45.33
47.67
42.22
56.44
58.22
52.78
53.56
59.89
52.22
48.67
48.89
48.78
44.78
49.56
51.44
48.33
49.78
57.78
55.67
42.44
40.11
44.22
38.44
53.11
43.89
64.89
54.33
51.89
59.22
62.78
62.67
53.89
50.44

2 Classes
LDA
KNN
66.67
60.67
70.44
65.33
65.89
61.78
72.22
68.44
68.44
67.56
73.44
67.67
67.00
63.56
66.56
62.78
68.22
67.89
67.67
64.89
73.33
67.00
66.78
59.22
66.89
58.22
66.33
60.78
72.89
66.11
69.67
70.78
71.44
74.33
69.44
66.78

Fig. 2. Confusion matrices computed when considering the classification of animal species.

[6] A. R. Webb, Statistical Pattern Recognition, 2nd ed. Chichester, West
Sussex, England: John Wiley & Sons, 2002.
[7] S. U. Sharma and D. Shah, “Design and development of animal
detection algorithm using image processing,” Ph.D. dissertation, Gujarat
Technological University, Ahmedabad, India, 2017.
[8] N. Daxini, S. Sharma, and R. Patel, “Real time animal detection system
using haar like feature,” Intl. J. Innovative Res. Comput. Commun. Eng,
vol. 3, no. 6, pp. 1–6, 2015.
[9] W. Zhang, J. Sun, and X. Tang, “From tiger to panda: animal head

detection,” IEEE Transactions on Image Processing, vol. 20, no. 6, pp.
1696–1708, 2011.
[10] Y. S. Kumar and C. Divya, “Feature selection approach in animal
classification,” Signal & Image Processing, vol. 5, no. 4, p. 55, 2014.
[11] G. Ding, Y. Song, J. Guo, C. Feng, G. Li, B. He, and T. Yan,
“Fish recognition using convolutional neural network,” in OCEANS–
Anchorage, 2017. IEEE, 2017, pp. 1–4.
[12] M. Zeppelzauer, “Automated detection of elephants in wildlife video,”
EURASIP journal on image and video processing, vol. 2013, no. 1, p. 46,

Fig. 3. Confusion matrices computed when considering wild boar/bush pig classification.

TABLE II
T EXTURE ANALYSIS METHODS SELECTED BY PSO ALGORITHM IN EACH
ANALYZED SCENARIO .
Method
First Order
Haralick
Fourier descriptors
Gabor filters
Wavelet descriptors
GLDM
DCT
LBP (R = 1)
LBP (R = 2)
LBP (R = 3)
CNTD
Lacunarity (local)
Lacunarity (global)
Lacunarity 3D
LBP+FD
RNN descriptors
RNN (rotation invariance)
Tourist walk

3 Classes
LDA
KNN
X
X

2 Classes
LDA
KNN
X
X
X
X
X
X

X
X

X

X

Success rate (Best Method)
# descriptors
Success rate (PSO)
# descriptors

3 Classes
LDA
KNN
64.89
62.67
80
30
68.56
67.33
126
523

2 Classes
LDA
KNN
73.44
68.44
60
48
79.67
74.00
263
438

X
X
X

X
X

TABLE III
S UCCESS RATE OBTAINED FOR THE COMBINATION OF TEXTURE METHOD
AND THE BEST RESULT FOR A TEXTURE METHOD IN EACH SCENARIO .

X
X
X
X
X
X
X
X

X
X
X

X
X
X
X
X
X
X
X

2013.
[13] Y. Xue, T. Wang, and A. K. Skidmore, “Automatic counting of large
mammals from very high resolution panchromatic satellite imagery,”
Remote sensing, vol. 9, no. 9, p. 878, 2017.
[14] J. G. A. Barbedo, L. V. Koenigkan, T. T. Santos, and P. M.
Santos, “A study on the detection of cattle in uav images using
deep learning,” Sensors, vol. 19, no. 24, 2019. [Online]. Available:
https://www.mdpi.com/1424-8220/19/24/5436

[15] B. Kellenberger, D. Marcos, S. Lobry, and D. Tuia, “Half a percent of
labels is enough: Efficient animal detection in uav imagery using deep
cnns and active learning,” IEEE Transactions on Geoscience and Remote
Sensing, vol. 57, no. 12, pp. 9524–9533, 2019.
[16] M. Marsot, J. Mei, X. Shan, L. Ye, P. Feng, X. Yan, C. Li, and
Y. Zhao, “An adaptive pig face recognition approach using convolutional
neural networks,” Computers and Electronics in Agriculture, vol. 173,
p. 105386, 2020. [Online]. Available: http://www.sciencedirect.com/
science/article/pii/S0168169920300673
[17] S. Schneider, G. W. Taylor, and S. C. Kremer, “Deep learning
object detection methods for ecological camera trap data,” CoRR, vol.
abs/1803.10842, 2018. [Online]. Available: http://arxiv.org/abs/1803.
10842
[18] A. Seymour, J. Dale, M. Hammill, P. Halpin, and D. Johnston, “Automated detection and enumeration of marine wildlife using unmanned
aircraft systems (uas) and thermal imagery,” Scientific reports, vol. 7, p.
45127, 2017.
[19] J. Wawerla, S. Marshall, G. Mori, K. Rothley, and P. Sabzmeydani,
“Bearcam: Automated wildlife monitoring at the arctic circle,” Machine
Vision and Applications, vol. 20, no. 5, pp. 303–317, 2009.
[20] M. Favorskaya and A. Pakhirka, “Animal species recognition in the
wildlife based on muzzle and shape features using joint cnn,” Procedia

[21]

[22]
[23]
[24]

[25]
[26]
[27]
[28]
[29]
[30]

[31]
[32]
[33]
[34]
[35]
[36]

Computer Science, vol. 159, pp. 933 – 942, 2019, knowledge-Based
and Intelligent Information & Engineering Systems: Proceedings of
the 23rd International Conference KES2019. [Online]. Available:
http://www.sciencedirect.com/science/article/pii/S1877050919314565
E. M. T. A. Alsadi and N. K. El Abbadi, “Scrutiny of methods for image
detection and recognition of different species of animals,” International
Journal of Recent Technology and Engineering, vol. 8, no. 3S3, pp. 151
– 160, 2019.
R. M. Haralick, “Statistical and structural approaches to texture,” Proc.
IEEE, vol. 67, no. 5, pp. 768–804, 1979.
R. Azencott, J.-P. Wang, and L. Younes, “Texture classification using
windowed fourier filters,” IEEE Trans. Pattern Anal. Mach. Intell,
vol. 19, no. 2, pp. 148–153, 1997.
J. Daugman and C. Downing, “Gabor wavelets for statistical pattern
recognition,” in The Handbook of Brain Theory and Neural Networks,
M. A. Arbib, Ed. Cambridge, Massachusetts: MIT Press, 1995, pp.
414–419.
B. S. Manjunath and W.-Y. Ma, “Texture features for browsing and
retrieval of image data,” IEEE Trans. Pattern Anal. Mach. Intell, vol. 18,
no. 8, pp. 837–842, 1996.
I. Daubechies, Ten lectures on wavelets. Society for Industrial and
Applied Mathematics, 1992.
T. Chang and C.-C. Kuo, “Texture analysis and classification with treestructure wavelet transform,” IEEE Transactions on Image Processing,
vol. 2, no. 4, pp. 429–441, 1993.
J. S. Weszka, C. R. Dyer, and A. Rosenfeld, “A comparative study
of texture measures for terrain classification,” IEEE Transactions on
Systems, Man, and Cybernetics, vol. 6, no. 4, pp. 269–285, 1976.
I. Ng, T. Tan, and J. Kittler, “On local linear transform and Gabor
filter representation of texture,” in International Conference on Pattern
Recognition, 1992, pp. 627–631.
T. Ojala, M. Pietikainen, and T. Maenpaa, “Multiresolution gray-scale
and rotation invariant texture classification with local binary patterns,”
IEEE Trans. Pattern Analysis and Machine Intelligence, vol. 24, no. 7,
pp. 971–987, Jul. 2002.
A. R. Backes, D. Casanova, and O. M. Bruno, “Texture analysis
and classification: A complex network-based approach,” Information
Sciences, vol. 219, pp. 168–180, 2013.
A. R. Backes, “A new approach to estimate lacunarity of texture images,”
Pattern Recognition Letters, vol. 34, no. 13, pp. 1455–1461, 2013.
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