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Abstract

RELATED WORK

In this paper, an efficient system for the verification of the
leaner’s concentration is devised. Firstly, the learner’s face on
the learning is detected using the Viola-Jones algorithm.
Secondly, we apply a Gabor filter in the detected face. The
Gabor filter is applied to search for an efficient feature point in
an image As the Gabor filter is very useful in image processing,
the region of detected face is applied before searching of the
feature point so that the feature point is efficiently extracted.
Thirdly, we extracted facial feature points with detected face
using Gabor filters. Lastly, we analyzed the feature points of
the face to determine the learner’s state. Our proposed system
determines the state of concentration and non-concentration
while learner is learning. The effectiveness of the proposed
method is justified in experiments on testing a large number of
images. The effectiveness of the proposed system is confirmed
in experiments on testing a large number of learners.

In the study related to brain-based education, the concentration
for using a brain efficiently displays attention. Kirk and
Chalfant define the attention as ‘the process of selective
concentration by the relevant stimulus’ and Reid and Hresko
define it as ‘the ability to focus awareness on internal and
external stimuli’. Detection and recognition refers to
techniques for dealing with the face and some of the target from
the digital image. Face detection technology used in various
fields is a technique to find the location of the facial image in
the process that must be performed before the face recognition.
Four major categories [5] to extract can be classified as follows;
knowledge-based methods, appearance-based methods,
feature-invariant methods and template matching methods. The
knowledge-based method detects a face by comparing the
contrast distribution of the video. The feature-invariant method
finds a face using efficient Eigen formulas. The template
matching method detects a face by comparing the same
correlation diagram and the input image after creating a
standard template. The appearance-based method finds a face
by using a model of learning by the learning image set. These
include Eigen face, distribution-based, neural networks,
support vector machines (SVM), Naive Bayes classifier,
Hidden Markov model (HMM), information-theoretical
approach, Viola-Jones algorithm [6] and so on.

Keywords: Gabor filter, Learner's concentration, Feature
point, Facial feature, Face detection.

INTRODUCTION
The learner’s attitude and condition are important for the
effectiveness of learning. The concentration and the
effectiveness of the learning are closely related to each other,
the learning requires a great deal of concentration. The
concentration improves the ability of learning. We analyze
learner’s concentration in our system. In this work we apply
Gabor filter for efficient feature detection after detecting face.
We use feature points to recognize the state of object. We
analyze feature points of the face, the eyes and the mouth in the
facial state while learning. After that, we determine the
concentration and non-concentration based on the analysis. We
also examined the opened mouth shape of pronunciation ([ah],
[ae], [e], [o]). Further we checked whether the face is downed
or turned, whether the eye and mouth are closed or opened.
After detecting feature points on images, we determined the
learner’s state according to the change of coordinates
[1][2][3][4].

Due to optimal localization properties in both spatial locality
and orientation selectivity, Gabor filter has been considered as
a very useful method in computer vision and image processing.
The types of algorithms for detecting feature points are the Shi
& Tomasi [7] features from accelerated segment test (FAST),
Harris-Stephens binary robust invariant scalable key points,
(BRISK) speeded-up robust features (SURF), maximally stable
extremal regions (MSER), histogram of oriented gradients
(HOG) algorithm, Laplacian of Gaussian (LOG), Moravac
corner detector, Salient regions, SUSAN, Local curvature,
SIFT etc.. The Shi & Tomasi method improves on the Harris–
Stephens method. This method makes the computation simpler
by using the minimum eigenvalues. We use Viola-Jones
algorithm to detect face. After Gabor filtering in detected face
we extract feature points. To determine learner’s concentration
we analyze facial feature points.
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Figure 1. Learner’s Concentration Analysis System. C_F: center value of face; L_F: length value of face;
W_M: width value of mouth; L_M: length value of mouth; L_E: length value of eye

The f is a feature, θ is a threshold, p is the direction, x is a 24×24
pixel sub window of an image, ℎ(𝑥, 𝑓, 𝑝, 𝜃) is a weak classifier.
AdaBoost learning combines many weak classifiers. The Viola
Jones algorithm includes Haar-like features and cascades of
trained classifiers. Classifiers are applied to every sub-window.
Classifiers discard a large number of negatives.

ANALYSIS METHOD
Fig. 1 overviews our system, that is the learner’s concentration
analysis system
A. Face detection
We use the Viola-Jones algorithm to detect the face in an image
as shown in Fig. 2(a). The goal of face detection is to
distinguish faces from non-faces. The algorithm has a fast
detection rate and an efficient feature selection. This algorithm
uses the integral image to compute the Haar-like feature. The
integral image is shown in Equation (1).
𝑖𝑖(𝑥, 𝑦)

𝑖(𝑥 ′ , 𝑦 ′ )

∑

B. Gabor filter
In the discrete domain, two-dimensional Gabor filters [8] are
shown in Equation (3) and Equation (4). Coordinate values of
feature points after Gabor filtering are shown in Fig. 3.

(1)

𝑥 ′ ≤𝑥,𝑦 ′ ≤𝑦

𝐺𝑐 [𝑖, 𝑗] = 𝐵𝑒

The location of the pixel(𝑥, 𝑦) contains the sum of pixels:
𝑖(𝑥 ′ , 𝑦 ′ ) is the original image, 𝑖𝑖(𝑥, 𝑦) is the integral image.
The classification function using AdaBoost learning is shown
in Equation (2).
1
ℎ(𝑥, 𝑓, 𝑝, 𝜃) = {
0

𝑖𝑓 𝑝𝑓(𝑥) < 𝑝𝜃
𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒

𝐺𝑠 [𝑖, 𝑗] =

−

(𝑖 2 +𝑗 2 )
2𝜎 2 cos(2𝜋𝑓(𝑖

(𝑖 2 +𝑗 2 )
−
𝐶𝑒 2𝜎2 sin(2𝜋𝑓(𝑖

cos 𝜃 + 𝑗 sin 𝜃))

(3)

cos 𝜃 + 𝑗 sin 𝜃))

(4)

The B and C are normalizing factors to be determined. The f
defines the frequency being looked for in the texture. The 𝜃 can
look for texture oriented in a particular direction. The 𝜎
changes the support of the basis or the size of the image region.

(2)
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Figure 2. Detection and Recognition of Facial Features. (a): face detection; (b): detection of facial feature points;
(c): analysis of feature points; (d): recognition of facial expressions
C. Detection of feature points

a result of the decision, it is determined whether the state of
concentration or non-concentration while learning is evident.

We look for feature points using the Shi & Tomasi algorithm.
Corner detection is an approach used within computer vision
systems to extract certain kinds of features and infer the
contents of an image. The Shi & Tomasi is based on the Harris
Corner method but this shows better results compared to Harris
Corner. The Shi & Tomasi algorithm is shown in Equation (5).
𝑅 = 𝑚𝑖 𝑛(𝜆1 , 𝜆2 )

E. The concentration & the non-concentration
We determine the turned face, the downed face, the closed eye,
facial expressions of emotions and the opened mouth to choose
the state of the concentration or the non-concentration on the
learning. And, we determine whether it is the frontal face, the
turned face or the downed face. If it is the state of the frontal
face, that is concentration. However, if it is the state of the
turned face or the downed face, that is non-concentration. In
addition, we determine whether the learner has opened eyes,
closed eyes or blinking eyes. If it is the opened eyes or blinking
eyes, it is indicative of concentration. However, if it is closed
eyes, it is indicative of non-concentration. Also, we determine
whether the mouth is open or close. If it is the closed mouth, it
is concentration but if it is the opened mouth it is nonconcentration. Finally, if the frontal state of the opened eye is
over 0.9ms and the closed mouth is the state of concentration
while learning, for the rest, it is the state of the nonconcentration.

(5)

R is the corner value. If R is a greater than a threshold value, it
is considered as a corner. The 𝜆𝑚𝑖𝑛 is a minimum value. When
𝜆1 and 𝜆2 are larger than 𝜆𝑚𝑖𝑛 , it is considered as a corner.
Fig. 2(b) shows detection of facial feature points. After analysis
of the coordinate positions of feature points (see Fig. 2(c)), it is
determined based on the turned face, the downed face, the
closed eye, facial expressions of emotions (smile, surprise,
sadness, anger) and the opened mouth ([ah], [ae], [e], [o]) (see
Fig. 2(d)). As a result of the decision, it is determined whether
the state of concentration or non-concentration while learning
is evident.

EXPERIMENTAL RESULTS
D. Analysis of extracted feature points

We use Gabor filter in image for high detection rate of feature
points. We analyze Coordinate values of feature points
extracted after Gabor filter processing in detected face. Table 1
shows the detection rate of feature points and the comparison
value of each of the detected features after Gabor filter.

After analysis of the coordinate positions of feature points it is
determined based on the turned face, the downed face, the
closed eye, facial expressions of emotions (smile, surprise,
sadness, anger) and the opened mouth ([ah], [ae], [e], [o]). As
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Table 1. Detection Rate of Detected Features (%)

Turned Downed Closed
[ah]
Face
Face
Eye

Facial Movement

Smile Surprise Sadness Anger

[ae]

[e]

[o]

Detection Rate [4]

95.31

93.94

89.98

88.76

94.45

95.24

93.94 92.63 90.12 87.25 97.45

Detection Rate
after Gabor filtering

96.40

93.98

89.87

89.99

96.66

96.12

97.26 93.56 91.23 88.36 97.85

B. The length of face

That is the result of experiments on 30 students in a classroom.
We have confirmed the state of the closed eye that increases the
extraction rate. The length of the Y coordinate of the frontal
face determines criteria values of the facial length to decide the
state of the downed face. If that is less than the criteria value,
we determine the state of the downed face. And we determine
criteria value of the facial center with coordinate values of two
eyes to decide the state of the turned face to the right or left. If
that is less than the criteria value, we determine the state of the
turned face to the left. But if that is larger than criteria value,
we determine the state of the turned face to the right. The length
of the Y coordinate of the opened eye is the determined criteria
value to decide the state of the closed eye. If that is less than
criteria value, we determine the state of the closed eye. For
deciding the state of the opened mouth, the width of the X
coordinate and the length of the Y coordinate in the state of the
closed mouth are determined criteria value. The state of the
frontal face, the opened eye (for over 0.9ms) and the closed
mouth are the state of concentration on the learning. The state
of the downed face or the turned face or the closed eye or the
opened mouth or smile or surprise or sadness or anger is the
state of non-concentration.

The setting value (+9, -10) is when it turns the state from the
frontal face to the downed face or from the downed face to the
frontal face. If the value of the Y coordinate has the difference
value of (+9, -10) from criteria value of facial length, the period
is changed to concentration and non-concentration values.
C. The width of mouth
The setting value ±10 is when it turns the state from the closed
mouth to the opened mouth or from the opened mouth to the
closed mouth. If the width value of the X coordinate has the
difference value of ±10 from criteria value of the width of
mouth, the period is changed to concentration and nonconcentration values.
D. The length of mouth
The setting value ±10 is when it turns the state from the closed
mouth to the opened mouth or from the opened mouth to the
closed mouth. If the length value of the Y coordinate has the
difference value of ±10 from criteria value of the length of
mouth, the period is changed to concentration and nonconcentration values.

Criteria ranges are defined as follows: We apply setting values
experimentally in this paper with values of ±30, (+9, -10), ±10,
±10 and (+3, -7) respectively. If the extracted facial center
value is lager 30 or is less -30 than criteria value, it is the turned
face. If the extracted facial length value is larger than 9 or is
less than -10 of the criteria value, it is the expression of surprise,
anger, opened mouth ([ah], [ae], [o]) and downed face. If the
extracted width value from the mouth is larger than 10 or is less
than -10 of the criteria value, it is the expression of smile,
surprise, opened mouth ([ae], [e], [o]) and turned face. If the
extracted length value from mouth is larger than 10 or is less
than -10 of the criteria value, it is the expression of surprise,
sadness, opened mouth ([ah], [ae], [o]) and downed face. If the
extracted length value from eye is larger than 3 or is less than 7 of the criteria value, it is the smile, surprise, sadness, anger,
closed eyes and blinking eyes.

E. The closed eye
The setting value (+3, -7) is when it turns the state from the
opened eye to the closed eye or from closed eye to opened eye.
If the value of the Y coordinate has the difference value of (+3,
-7) from criteria value of opened eye, the period is changed to
concentration and non-concentration values.
F. The concentration & non-concentration
In the experimental results, when the learner is the state of the
non-concentration, we have actually confirmed that the learner
appears to be the state of the non-concentration in the real
experiment, too. If the distribution of the feature point is rapidly
the changed over a period, it is the period of non-concentration.
So, rapidly changed periods are changed states from the front
face to the turned face, from the turned face to the front face,
from the frontal face to the downed face, from the downed face
to the frontal face, from the opened eye to the closed eye and
from the closed mouth to the opened mouth.

A. The center of face
The setting value ±30 is when it turns the state from the frontal
face to the turned face or from the turned face to the frontal
face. If the value of the X coordinate has the difference value
of ±30 from criteria value of facial center, the period is changed
to concentration and non-concentration values.
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Figure 3. Feature points after Gabor filtering
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CONCLUSION
The face detection and recognition is important on the
computer vision, and concentration is important to education
and learning. We detect learner’s face while learning. We have
used Gabor filter as a pre-processing step in order to detect the
feature point. To recognize the object, we analyze feature
points. After we calculated the coordinate values of the facial
center to decide the state of the turned face, if the coordinate
value is less or large than criteria value of the facial center, we
determined the state of the turned f ace with the changed value.
After we calculated the frontal facial length to decide the state
of the downed face, if that is less than criteria value of the
frontal face we determined the state of the downed face with
the changed values. And after we calculated the length and the
width of the closed mouth to decide the state of the opened
mouth, if those are large than criteria value of the closed mouth
we determined the state of the opened mouth with the changed
value. And we determine criteria values of the eyes to decide
the state whether the eyes are closed or opened. If the value is
less than criteria value, it determines the state of the closed
eyes. We have verified the learner's state by the changed
amount of the distribution of feature points using our proposed
system for identify of the learner's concentration. For future
work, we want the study to add another way to operate that the
object is suddenly far away from the video camera.
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