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Abstract
Facial expression recognition is one of the most important computer vision
issues that has many applications. In this paper, an efficient method for facial
expression recognition using texture and edge descriptors is proposed. Facial
expression recognition generally consists of three steps: preprocessing, feature
extraction and classification. In this paper, histogram equalization has been used as
pre-processing method to increase the quality of the input face images. In this
paper, our focus is on the feature extraction by a combination of LDP1 and HOG2
descriptors. After feature extraction, the support vector machine was used to classify
the face images. In our experiments we used JAFFE database. The database
contains 213 images of seven facial expressions (happy, sad, angry, fear, disgust,
surprised and natural) taken from 10 Japanese female models. The results showed
that the proposed method achieved 99.04% accuracy on JAFFE dataset which is a
higher performance compared to other methods.
Keywords: facial expression recognition, histogram equalization, texture and edge
descriptors, LDP, HOG, Support Vector Machine.

1. Introduction
In recent years, one of the active fields of image processing was the facial
expressions recognition. Face plays an important role in emotions recognition and
in social relations and non-verbal communication [1]. The human face shows
many information and characteristics such as facial expressions, identity, age,
gender, as well as information about the state of fatigue, interest, confusion and
stress[2]. The seven main facial expressions that are often considered for diagnosis
are: happy, sad, angry, fear, surprised, disgust and neutral [3]. Facial expressions
are created by changes in different parts of the face. Non-verbal communication or
body language is a set of body movements and gesture that take place to exchange
information. Face shape is one of the effective factors in communication [4].
Hence, face analysis can reveal valuable information. Mouth, lips, eyebrows, eyes,
etc are the main parts of a face that are informative in facial expression
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recognitions [5]. There are some challenges in facial expressions recognition. For
instance, the similarities between the different poses make it more difficult to
distinguish the facial expressions. Another complication we face in real life is the
presence of occlusion on the face. This occlusion is due to the use of glasses,
scarves, hats, scarves and placing hands on the face. In real situations, a part of the
face is often covered by beards and mustaches and etc. These issues emphasize
that the facial expression recognition is still a challenging issue in image
processing and computer vision [6]. In this article, we try to present a new method
using a combination of different descriptors to detect facial expressions. The rest
of the paper is organized as followings. Section 2 deals with the related works. In
section 3, the JAFFE database is explained. Section 4 elaborates the LDP and the
HOG descriptors. The proposed method is discussed on section 5. The results of
the experiments are given in section 6. A comparison between the proposed
method and other methods is reported in section 7. Finally, the paper is concluded
in section 8.
2. Related Works
Facial expression is one of the most powerful, natural and universal signals
for human beings to convey their emotional states and intentions [7]. Gholami
used LGBP method to extract features and K-nn method to classify different
facial expressions and reached 96% accuracy [8]. Hamster et al. used
convolutional network to detect facial expressions and achieved 94.1%
accuracy [9]. Stanosh and Kumar proposed a combination of PCA and LBP
descriptors to represent image content. They employed a neural network for
classification, and achieved an accuracy of 64.28% [10]. Happy and Rotary
investigated PHOG and LBP methods to extract facial features. Also, support
vector machine was used for classification. The authors achieved 83.86%
accuracy [11]. Zhang et al. adopted Gabor wavelet coefficients and geometric
positions to construct the feature vector for each image and applied a twolayer perceptron to classify seven different facial expressions. Their
recognition rate is 90.1% [12]. In this paper, we apply the histogram
equalization to preprocess our images. Then, we fuse features extracted by
LDP and HOG descriptors. Finally, a support vector machine classifier with
Gaussian kernel is used to classify different facial expressions.
3. Database Used
The database used in this article is the JAFFE database. The images in this
database were taken in the psychology department of Kyushu University. It
contains 213 images of seven facial expressions (happy, sad, surprised, fear,
disgust, angry and natural) taken by 10 Japanese female models. Each image
is categorized into 60 emotional states by 60 Japanese [13]. Figure 1 shows
an example of the images in this database.
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Figure 1. An example of a JAFFE database

4. LDP descriptor
The LDP descriptor was proposed by Buchang Zhang for face recognition as a
high-end descriptor [14]. The LDP operator calculates the derivative in different

( n  1)th

directions of order
based on the binary function. The LBP operator
calculates the first-order derivative in all directions, while the LDP computes the
higher-order derivative, which contains more properties. The LBP operator cannot
display more definite features, while the LDP extracts more detail from the image.
Considering the image I ( z ) , the first-order derivatives of the image I ( z ) in the
directions 0, 45, 90, 135 degrees are determined by
135°. As shown in Figure 2, assuming that

zi

z0

I ' (z )

is a point in the image I ( z ) and

(i = 1,…, 8) is the neighboring point around

derivatives at

z z0

that ɑ is= 0°, 45°, 90°,

z0

. The four first-order

can be written as

I '0 (z 0 )  I (z 0 )  I (z 4 )

(1)

I '45 (z 0 )  I (z 0 )  I (z 4 )

(2)

I '90 (z 0 )  I (z 0 )  I (z 4 )

(3)

I '135 (z 0 )  I (z 0 )  I (z 4 )

(4)
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Figure 2. An example of eight neighbors around the point z0

The second-order directional LDP in α direction, in z=z0 point is defined as.

LDP2  {f (I ' (z 0 ), I ' (z 1 )), f (I ' (z 0 ), I ' (z 2 )..., f (I ' (z 0 ), (I ' (z 8 ))}

(5)

In a general formulation, the nth -order LDP is a binary string (n-1)th describing
gradient as trend changes in a local region of directional -order derivative images

LDPn  {f (I n 1 (z 0 ), I n 1 (z 1 )), f (I n 1 (z 0 ), I n 1 (z 2 )..., f (I n 1 (z 0 ), (I n 1 (z 8 ))}
(6)
In this formula,

I n 1 ( z 0 )

, is a derivative of the order ( n  1) in the direction ɑ at the
th

z z

0 . In this paper, the focus is on the feature extraction step and to improve
point
the existing methods, a combination of LDP and HOG descriptors is used to extract the
image features.

5. HOG descriptor
A HOG descriptor is an image descriptor used in computer vision and image
processing to identify humans. Dalal and Triggs first used the HOG method in
2005 for pedestrian detection [15]. Recently, the issue of facial recognition has
been investigated using the HOG descriptor [16]. The basic idea in the HOG
descriptor is that a shape can be well described by the distribution of edge
directions or gradients. In this method, the image is first divided into several small
areas, called cells, and the image is divided into blocks with 50% overlap. The
gradients in the x and y directions are then calculated per pixel. The next step is to
obtain the histograms of each cell. To do this, at first, the distance between 0 and
180 degrees or 0 to 360 degrees, depending on whether the gradients are signified
or not, are divided into several equal parts, each part forming a histogram bin.
Then for each cell, a histogram of the edge directions is calculated. In this way,
each pixel in the cell votes for a histogram bin based on the direction of the edge
and the amount of gradient in it. Finally, histograms are normalized to compensate
for light intensity. To do this, it considers several neighboring cells as a block and
normalizes the histogram of these cells. The combination of these histograms
ultimately represents a HOG descriptor. As shown in Figure 3, a 64 * 64 image is
divided into the some cells. These cells are categorized and each of the four cells
is called a block. The number of cells in each block is 2 * 2. On the other hand, the
size of each cell is 8 * 8. As a result, seven blocks are seen in the horizontal
direction and seven blocks in the vertical direction. Therefore, in total there are 49
blocks in each image. To improve detection, blocks are considered so that each
block has 50% overlap with the adjacent block. It is necessary to use this
technique to increase the accuracy of performance [16]. In this paper, to evaluate
the effect of changing HOG descriptor parameters such as cell and block sizes, 2 *
2 cell size has been used.
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Figure 3. An example of blocks and cells in an image with a size of 64 * 64

6. Proposed Method
To reach a high performance facial expression recognition method, a new
combination of image descriptors has been used to extract facial features. HOG
descriptor's basic idea is that a shape can be well described by distributing edge
directions or gradients. The LDP descriptor calculates the higher-order derivative,
which contains more accurate and more textural features. Therefore, high
accuracy can be achieved by combining these two complementary descriptors.
The flow diagram of the proposed method is shown in Figure 4.

Input Image

Pre-processed
Image

Feature
extraction with
LDP and HOG

Classification
feature extraction
with SVM

Facial expression

Figure 4. The flow diagram for proposed method
6.1 Pre-processed Image

In the preprocessing stage, the data is preprocessed using the histogram
equalization. When we say low image contrast, we mean that the difference
between the minimum and maximum brightness of the image is small. Through
this setting, the intensity can be better distributed in the histogram. Figure 5 shows
an example of a database image and a pre-processed image.
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Figure 5. An example of a database image (left) and a pre-processed image (right)
6.2 Feature extraction

In this paper, the focus is on the feature extraction step and to improve the
existing methods. LDP and HOG descriptors, and a combination of two LDP
and HOG descriptors have been used separately. In the proposed method, after
preprocessing, LDP and HOG descriptors are used to extract the image
features.
6.3 Classification

In the final step, the database is divided into two parts, training and test, and then the
facial expressions are classified using the nonlinear support vector machine with
Gaussian kernel. In this paper, 50% of the data was used for training and 50% of the
data for test. To avoid overfitting, 5-fold cross validation is investigated.
7. Experimental Results
As can be seen in Table1, the proposed method is compared with the methods
proposed by other researchers for facial expression recognition on JAFFE
database.
Table 1. Comparison of the proposed method with other methods on the JAFFE database

Feature
extraction
method

Classification
method

Row

Researchers

1

[7]

LGBP

K-nn

[9]

Multi-channel
convolution
network

Multi-channel
convolution
network

PHOG+LBP

Support Vector
Machin

%83.86

PCA+LBP

Neural Network

%64.28

LDP+HOG

Support Vector
Machin

%99.04

2

3
4
5

[10]
[12]
Proposed
method
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Accuracy

%96

%94.1
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Table 1 compares our proposed method with other methods on the JAFFE
database. As shown in this table, using a combination of LDP and HOG
descriptors, the proposed method has the best performance compared to the
methods presented by other researchers. To evaluate the performance of the
proposed method in this paper, the confusion matrix and the mean Average
Precision (mAP) are reported. Figures 6 and 7 show the confusion matrix and the
mean Average Precision diagrams of the proposed method, respectively.

Figure 6. Confusion matrix of obtained by the proposed

As can be seen in Figure 6, class seven (surprise), is confused with class three
(fear). The rest of the classes are correctly identified. Figure 7 shows the mean
Average Precision obtained by our proposed method.
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Figure 7. Graph of the mean Average Precision obtained for 2 * 2 cell size using LDP and HOG

As can be seen in Figure 7, class one (anger), is more easily identified than the
other classes, and class two (hate) is more difficult to be distinguished compared
the other classes. The mean Average Precision using LDP and HOG is 98.28%.
8. Conclusion
For many years, facial expressions recognition, regardless of a person's identity,
has received a great deal of attention in image processing and machine vision
applications. There are different challenges in facial expression recognition. For
example, occlusion is usually happening for faces in crowd. In real life, part of the
face is often covered. This concealment is due to the use of glasses, hats, scarves
and placing hands on the face. These issues have made face recognition to be still
a challenging issue in image processing. One of the most important steps in
recognizing facial expressions is feature extraction. In this paper, the feature
extraction method is investigated by fusing two descriptors, LDP and HOG.
Nonlinear support vector machine classifier with Gaussian kernel was used to
classify each facial expression. Our proposed method reached 99.04% accuracy on
JAFFE dataset.
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