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Abstract. Image classification has been applied in many fields, which is an
important branch of computer vision and pattern recognition. The boosting
algorithm which is belong to ensemble learning can integrate several homoge-
neous classifiers, and combine the output layer’s result of every classifier to
improve the final classification accuracy. In this paper, the Adaboost-DBN
algorithm is used to combine the four weak classifiers (DBN) and construct a
strong classifier. The Adaboost-DBN algorithm is based on the Adaboost M1
algorithm and is used to achieve higher classification accuracy. The proposed
algorithm is tested on the Corel-1K data set, and the result of classification is
significantly improved comparing to other classifiers.
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1 Introduction

Image classification is composed of feature extraction and feature classification. The
most common feature of the image is the underlying visual features [1], including color
features, texture features and shape features. Texture features are not based on pixel
points, they need to be statistically calculated in regions containing multiple pixels.
There are many methods to extract [2], such as the co-occurrence matrix, the local
binary pattern (LBP), wavelet transform and so on. At present, texture features are
widely used in image retrieval, face recognition and other fields. In this paper, the local
neighborhood rotation right-angle pattern [3] is used to extract the texture features of
the image. The method decomposes the image into R, G, B three-channel, and arranges
them into spatial stereo in order, centering on the central pixel of the middle layer, and
extracting features according to local neighborhood rotation. Finally, the feature value
is dimension-reduced and expressed in the form of LBP.

Among the classification methods, the primitive method [4] has Naive Bayesian, K-
Nearest Neighbor, Fisher Linear Discrimination and so on. With the rise of machine
learning algorithms [5], classification algorithms such as Ensemble Learning, Convo-
lutional Neural Networks, Deep Belief Networks, and Back Propagation Neural Net-
works have emerged, and the accuracy of classification of classifiers have been greatly
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improved. Also it is suitable for large quantities and high levels of complexity. Many
algorithms in machine learning are implemented in image classification. The Neural
Networks can achieve non-linear fitting of images according to its complex network
structure. Therefore, Neural Networks have been widely used. As a kind of boost
algorithm for ensemble learning, Boosting algorithm combines several homogeneous
classifiers into a strong classifier by linear weighting. The most widely used algorithm
is the Adaptive Boost algorithm [6]. The Deep Belief Network (DBN) is composed of
several restricted Boltzmann machines (RBM) and a layer of BP. The neural network
contains many neurons and parameters (weights and offsets), so it has the strong ability
of fitting. This article combines Adaboost and DBN to classify images. The traditional
multi-classification method of boosting is based on the binary-class of “one-to-one”
and “one-to-many” [7]. But the algorithm structure is cumbersome and the imple-
mentation of program wastes a lot of time. Therefore, this paper adopts the improved
version of the Adaboost-DBN algorithm. It can output multi-classification directly and
avoids complex computational processes. The algorithm is tested on the Corel-1K data
set, and the classification accuracy show that it is greatly improved compared with the
single classifier.

2 Feature Extraction

2.1 LBP

The LBP is a method for describing local texture features. The 3 * 3 local pixels are
extracted to construct a local binary pattern, which is composed of a central pixel and a
neighborhood pixel. LBP [3] uses a binary code in which each neighborhood pixel gray
value is compared to the center pixel gray value to be converted into a binary coded
form. The formula is as shown in (1) and (2):

LBPP;R ¼
XP
P¼1

2ðP�1Þ � f1ðgp � gcÞ ð1Þ

f1ðxÞ ¼ 1; x� 0
0; x\0

�
ð2Þ

Where gp is the gray value of the neighborhood pixel, gc is the gray value of the
center pixel, and P is the number of neighboring pixels. R is the radius of the neigh-
borhood. Figure 1 shows the working process of LBP.

Fig. 1. LBP pattern.
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2.2 VLBP

VLBP [8] is based on the dynamic texture change of adjacent frames in the video
sequence. The dynamic texture of the image is calculated according to the gray value of
the central pixel gtc;c and the gray value of it’s neighborhood pixel
gt;pðt ¼ t � L; tc; tc þ L;P ¼ 0; � � � p� 1Þ, p represents the number of neighboring
pixels of the image center pixel. The formula can be expressed as:

VLBPL;P;R ¼
X3Pþ 1

q¼0

vp2q: ð3Þ

The Fig. 2 shows the process of collecting samples of VLBP:

According to the collected samples obtained by VLBP (as shown in the Fig. 1), the
central pixel is used as the reference point, and the local pattern values in the five
directions are extracted showing in the Fig. 3:

Feature extraction is the expression of images in a abstract fashion, which is the
basis of image processing. Texture features characterize image information by ana-
lyzing the distribution of central pixels and their neighboring pixels. There are many
methods for extracting texture features. In this paper, local neighborhood rotation right-
angle patterns [3] are used to extract texture features. The algorithm steps are as
follows:

(1) The original color image is pre-processed to separate its into R, G, B three-
channel color;

(2) The single channel color is transformed by Haar wavelet, and the low frequency
band is extracted as contour information;

Fig. 2. The process of collecting samples of VLBP.

Fig. 3. The local pattern values in the five directions.
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(3) Based on the VLBP pattern, the three low frequency sub-bands are arranged in the
order of R, G, B;

(4) The local neighborhood rotation right-angle patterns are used to extract feature
extraction and it is represented into histogram form;

(5) The LBP pattern is used to reduce the dimension.

3 Adaboost-DBN Algorithm

3.1 Deep Brief Network

Belief in the Deep Belief Network refers to probability, so Deep Belief Network refers
to a kind of neural network that can learn by probability. DBN is a probability gen-
eration model that aims to establish a joint distribution between data and labels.
The DBN is composed of multiple restricted Boltzmann machine and an output layer.
The data is putted into the neural network from the input layer. First, unsupervised
training is performed by the restricted Boltzmann machine, and then supervised
training is performed by the BP algorithm. The DBN can exploit the nonlinear rela-
tionship fully between the input data and labels, and finally get the weight and offset in
the neural network.

Restricted Boltzmann Machine. The restricted Boltzmann machine is generated
stochastic neural network proposed by Hinton and Sejnowski in 1986. The RBM
model is consisted of a visible layer (v) and a hidden layer (h). The neurons between the
layers are connected to each other, and the neurons in the layer are not connected. The
restricted Boltzmann machine is used to perform unsupervised training between layer-
by-layer on the neural network. The parameters obtained by training are used as the
initial parameters of the neurons in each layer of the neural network, which are in a
better location for space. RBM [9] is an energy-based model whose energy of the joint
distribution of the visible variable (v) and the hidden variable (h) is:

Eðv, h; hÞ ¼ �
X
i;j

Wi;jvihj �
X
i

bivi �
X
j

ajbj ð4Þ

In (4) h is the parameter {w, a, b} of RBM, w is the weight of between the visible
unit and the hidden unit, b and a is the bias of the visible unit and the hidden unit. With
the energy of the joint distribution of v and h in (1), we can get the joint probability of
v and h:

Phðv; hÞ ¼ 1
ZðhÞ exp

XD
i¼1

XF
j¼1

Wijvihj þ
XD
i¼1

vibj þ
XF
j¼1

hjaj

 !
ð5Þ
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Where Z(h) is a normalization factor, also known as a partition function in (5), and
phðv; hÞ is find to get the edge distribution of h to get phðvÞ, and phðvÞ is processed to
get the parameters h� of RBM:

h� ¼ argmax LðhÞ ¼ argmax
XT
t¼1

log pðvtjhÞ ð6Þ

After the parameters are acquired, they are updated according to the contrastive
divergence algorithm proposed by Hinton. The expression is as follows:

Dxij ¼ eð\vihj[ data �\vihj[ reconÞ
Dai ¼ eð\vi[ data �\vi[ reconÞ
Dbi ¼ eð\hj[ data �\hj[ reconÞ

ð7Þ

Where e is the learning rate of pre-training, \[ data is the mathematical expec-
tation of the training data set, and \[ recon is the reconstructed mathematical
expectation.

BP neural Network. BP neural network is a multi-layer feed forward neural network.
Its main characteristic is: the signal is forward propagating, and the error is back
propagating. In this thesis, The neural network is trained by BP algorithm, and the
parameters of the network will eventually converge in a good position. The process of
BP neural network is divided into two phases. The first phase is the forward propa-
gation of the signal, the signal from the input layer through the hidden layer, and finally
get to the output layer. The second phase is the back propagation of the error, there is
an error between the output layer and the hidden layer, from the output layer and finally
get to the input layer, which adjusts the weight and offset of the output layer to the
hidden layer, and the weight and offset of the hidden layer to the input layer.

The BP algorithm [10] updates the parameters as follows, assuming that the number
of nodes of the input layer is n, the number of nodes of the hidden layer is l, the number
of nodes of the output layer is m, and the weight of the input layer to the hidden layer is
xij, implied the layer-to-output layer weight is xjk, the offset between input layer and
the hidden layer is aj, the offset between hidden layer and the output layer is bk , and Hj

is the output of the hidden layer. The learning rate is g, the excitation function is gðxÞ.
The error between the expected output and the actual output is:

E ¼ 1
2

Xm
k¼1

ðYK � OKÞ2 ð8Þ

In (8) Yk is the expected output and Ok is the actual output, as Yk � OK ¼ ek . An
update formula for the weights and offsets obtained by E-derivation using the gradient
descent method:
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xij ¼ xij þ gHjð1� HÞxi
Xm
k¼1

xjkek

xjk ¼ xjk þ gHjek

aj ¼ aj þ gHjð1� HjÞ
Xm
k¼1

xjkek

bk ¼ bk þ gek

ð9Þ

3.2 The Proposed Adaboost-DBN Algorithm

The Adaboost algorithm is the most widely used in the boosting algorithm, and its
central idea has not changed. That is, some weak classifiers are trained, the weight of
the wrong samples in each training will become larger in the next training, and the
weight of the correct samples will be reduced. The traditional algorithm is based on the
two-category “one-to-one” and “one-to-many”, dealing with multiple classifications.
Because two methods have great redundancy in algorithm design and program
implementation, this thesis uses the Adaboost M1algorithm [11] and made some
improvements on this basis. The flow chart of the improved algorithm is:

(1) Initialize the weight distribution of the sample: D1 ¼ ð1N ; 1N ; � � � ; 1NÞ;
(2) t ¼ 1; 2; 3 � � � T;

(1) Training the weak classifier DBN using the initialized weight samples;

(2) The error of classifier: et ¼
Pm
i¼1

Dt
i½htðxiÞ 6¼ yi�; htðxiÞ is the final value of the

output layer, and its value is composed of 0 and 1, and is the same as htðxiÞ in
step (4);

(3) Weight of the classifier: a ¼ 1
2 lg

1�eðtÞ
eðtÞ þ lgðK � 1Þ;

(4) The updated weight of sample: Dtþ i
i ¼ Dt

i � expðat � ½htðxiÞ 6¼ yi�Þ;
(5) Normalized the weight of Dtþ i

i ;

(3) Obtained the strong classifier: HðxÞ ¼PT
t¼1

aðtÞh0ðxÞ; h0ðxÞ represents the proportion
of each sample in different class before the output layer output classification
results, usually a decimal.

The Proposed Algorithm Analysis. There are two improvements between the pro-
posed algorithm and the Adaboost M1 algorithm, the first improvement is step (3) the
weight of the classifier, it is added a positive term lgðK � 1Þ [12] on the basis of the
original. The term brings a great improvement to the performance of the algorithm. The
original Adaboost M1 algorithm is asked that the correct rate of the classifier is greater
than 1/2. It is difficult for the general classifier to meet this requirement. It is known
from the improved classifier that the error of classifier meets eðtÞ\1� 1=K. In other
words, as the number of iterations increases, the accuracy of the classifier is reduced.

The second improvement is step (6). The original is HðxÞ ¼ argmax
k

PT
t¼1

aðtÞ½hðxÞ ¼ k�,
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in the formula: ½hðxÞ ¼ k� can be interpreted as, when the logical expression is true,
then ½hðxÞ ¼ k� ¼ 1, otherwise ½hðxÞ ¼ k� ¼ 0, therefore the output form of ½hðxÞ ¼ k�
is a matrix consisting of 0 and 1. 1 means the result of classification is correct, 0 means
the result of classification is error (the representation is the final value of the DBN
output), then the a weights the value of the output layer. The improvement in this paper

is HðxÞ ¼PT
t¼1

aðtÞhðxÞ. The biggest difference compared with the original one is that

hðxÞ replaces the original ½hðxÞ ¼ k�, and hðxÞ represents the proportion of each sample
in the various types, usually it’s a decimal. The hðxÞ is weighted by the classifier
weights, which can reflects the essential characteristics of each sample. The test has
shown that improved algorithms can achieve better accuracy.

4 Experimental Results and Analysis

This experiment is compiled in the Matlab R2016b, using Corel-1K data set including
10 categories of 1000 pictures, which are divided into training set and testing set. In the
proposed algorithm, the integrated weak classifiers are consisted of 4 DBNs, the
number of input neurons and output neurons of are both 580 and 10, and the number of
hidden layers are as: [100 100], [110 100], [90 90], [140 140]. The classifiers are
Adaboost M1, DBN, and the proposed algorithm.

In order to fully exploit the classification ability of the classifier, the experimental
data set is divided into 9 groups. The number of training set and testing set are (100,
900), (200, 800)…(900, 100). The classification result of the classifier is shown in the
Fig. 4, in which the classification accuracy of the DBN takes the maximum value of the
four results in each training (that is, the accuracy of DBN shown in the figure does not
refer to a certain DBN). It can be seen from the figure that the classification curve of the
classifier DBN coincides with the classification curve of Adaboost M1, which shows
that the advantage of integrated learning that it can integrate the classification capa-
bilities of classifiers to achieve higher performance. In the comparison of the data of the
first to third groups and the ninth group, the classification ability of the Adaboost M1
algorithm is superior to the proposed algorithm in this paper. In the third to eighth
groups, the proposed algorithm has the highest correct rate and reaches the maximum
value (81.6%) in the test. The three classifiers achieved the best performance in the data
(500, 500), which shown that the DBN has the best fitting capacity at this time. In the
first four data sets, due to there are fewer training sets, the under-fitting of neural
network leads to poor classification. Similarly, in the last four data sets, due to there are
many training sets, the over-fitting of neural network also leads to poor results of
classification.

The following table shows the classification accuracy of the three classifiers in the 9
data sets (%):
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It can be seen from the Table 1. that the accuracy of the proposed algorithm is
significantly improved compared with the traditional classification. There are two
reasons for this. Firstly, ensemble learning can integrate multiple classifiers, which
fully exploits the classification capacity of each classifier; Furthermore, the traditional
ensemble learning is improved which can get better performance.

5 Conclusion

Adaboost algorithm belongs to the category of decision-level fusion, it can superim-
poses the classification results of several weak classifiers to obtain a stronger classi-
fication effect. In this paper, the texture features of the image are extracted by the local
neighborhood rotation right-angle pattern, and then these features are classified by
DBN. The training process of DBN is divided into two steps: First, the RBM training

Fig. 4. The accuracy of three classifiers.

Table 1. The accuracy of three classifiers.

Train data Test data The proposed algorithm DBN Adaboost M1

100 900 0.556 0.5489 0.5489
200 800 0.5963 0.6112 0.6113
300 700 0.7014 0.6943 0.6943
400 600 0.6567 0.6517 0.6517
500 500 0.816 0.78 0.78
600 400 0.655 0.6375 0.6375
700 300 0.5433 0.5433 0.5433
800 200 0.75 0.72 0.72
900 100 0.76 0.77 0.77

Research on Image Classification Method Based on Adaboost-DBN 227



process makes the weight and offset inside the neural network in a good position. Then,
the BP algorithm feeds back the output layer error and further adjusts the value of the
neural network parameter. The proposed algorithm in this paper is improved on the
basis of Adaboost M1, the advantage is that it not only expands the selection range of
the weak classifier, but also makes a deep excavation of the image features to make the
classification accuracy significantly improved.
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