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Abstract: Recently, face authentication becomes a hot topic
not only in security system but also in home entertainment
field. Since face identification is of non-contact and little
psychological resistance one, it can be easily accept by user
side. And also we know it is difficult to perform a perfect
authentication with and only with a face, so in fact the iden-
tification is combined with other authentication method (Ex.
password, finger print, voice, etc.), this makes a complex al-
gorithm, and different sensor will increase the cost. So use
one CCD camera do candidate narrowing and identification
is a good idea. On the other hand, to read the feelings state
of human being, the computer recognition of facial expres-
sion is researched from long before, and also many fruitful
results were achieved. However, the relation between face
identification and expression recognition has been hardly ex-
amined up to now though these two researches use the same
objects(face). This paper has aimed to unite these two re-
searches, and to find a new approach to narrow candidate for
face identification.

1. Introduction

On application side of expression recognition, we can classify
the method of limiting individual or non-limiting individual.
Limiting individual means the registration data can be used
only for the person whose recognition data is made from. The
data is not only a expression one but also with a personalized
index embedded. Non-limiting individual means the regis-
tration data can be used for arbitrary person; it is a pure ex-
pression data. This is important point here. Because we use
the expression recognition for face identification, the class of
non-limiting individual method cannot be used obviously. So
we have to find a limiting individual method on purpose [2],
and then Show an approach to narrow candidate for face au-
thentication.

2. facial expression recognition
In this Research, we use a front view face image as input, and
assume the light condition is stable.

2.1 Eyes and eyebrow area extractions

To recognize person’s expression, we need to analyze the
change of face organ by the expression. Therefore, want-
ing three rectangular areas in the left-eye/left-eyebrow area,

the right-eye/right-eyebrow area, and the mouth area (These
three areas are called a feature area at the following). Such
areas have remarkable change intent to face organ by the ex-
pression, so they are used in this research. Feature area is cut
out from each five expressions of Neutral, Anger, Happiness,
Sadness, and Surprise. As an example, the standard of the
feature area’s selection is shown in Figure 1 and Figure 2 for
Neutral. Moreover, there are three color component of RGB
in the image, we assuming use them to detect the position of
face parts(eyes, mouth etc.) in future, but in this research area
cutting is done by hand, Therefore, the only brightness com-
ponent Y with 256 levels is used. Figure 3 shows the one that
the feature area was converted into brightness component Y.

Figure 1. Input image

24x24 Pixel
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[]
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Figure 2. Example for area cutting

Figure 3. Y component of feature area
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2.2 Making of feature vector

In order to make the feature vector, 2D-DCT transform of
16 x 16pixel is applied to the three feature area for each ex-
pression. Then get the difference value between the each ex-
pression 2D-DCT coefficients that we get above and a neutral
expression’s 2D-DCT coefficient respectively. Each expres-
sion feature vector is extracted based on this difference coef-
ficient.

As we known, for DCT transform of a natural image, most
of the energy concentrated on the low frequency area where
the noise influence are little, so we try to divide the area such
as Figure 4(a) (e) at here. And then select the best perfor-
mance one.
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Figure 4. Feature vector consist method

The bands that we used is shown in a black heavy line, in
the lowest frequency region, use one coefficient characterizes
one band, and in the following region, the average of 2 or 4
coefficients is characterized to one band. The DC element
was disregarded to show the feature of the image because of
the irrelevance. Therefore, two areas of eyes and the eyebrow
areas and one mouth area use the feature of each 6 ~ 11
band in total three areas. That is, the energy change in each
18 ~ 33 band will be obtained with each expression. We use
the mean value of each band to make a feature vector.

3. Study and recognition with neural net work

The expressions that are recognized and identified are five ex-
pressions (expressionless, pleasure, anger, the surprise, and
sadness) in total, The neural net work used has three layer
structure, the input layer makes 18 ~ 33 unit corresponding
to feature vector calculated in the foregoing paragraph, the
hidden layer makes 19 units and the output layers five units
corresponding to an expression category.

In order to recognize the expression of a specific individ-
ual, first of all, ten images are taken in each expression. As
a teacher signal, the average of the feature vector is input to
the neural network, and it studies. At this time, the output
layer ignites only the unit corresponding to each expression.
It studied by the BP method, the convergence condition is as-
sumed that the mean error of all study data is less than or

Figure 5. Expressions example, from left to right : Neutral,
Anger, Happiness, Sadness, and Surprise

Input Layer
18 units

Hidden Layer
19 units

Ouput Layer
5 units

Figure 6. Neutral network for expression recognition

equal to 1075, and the study is about 8000 times. When rec-
ognizing it, the feature vector of each area obtained from the
image, that is, DCT coefficient is given to the input layer, and
the category that shows the largest numerical value that ap-
pears to the output unit is assumed to be a recognition result.
It is an expression example of the image of making it study
by this research in Figure 4(a) ~ Figure 4(e). Figure 6 shows
the neural net work when studying by the feature vector of the
band of Figure 5(a).

4. Experssion Recognition result

Expression recognition is base technology in this research, we
need to prove this method can recognize expression well first,
and then to show it is a limiting individual one.

4.1 Specific individual’s expression recognition result

Input five each expression of the person in question to the
neural network which studied by himself, the recognition re-
sults are shown in Table 1~5. (a)~(e) in each table shows the
difference of the recognition performance corresponding to
each use band of Figure 5(a)~(e) of section 2.2 . ’o[n]="is a
reactive value of the neural net work, ’n” is an expression cat-
egory, that is 1: Neutral, 2: Anger ,3: Happiness, 4: Sadness
and 5: It corresponds to Surprise.

From experiment above, it is understood that the band of
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Table 1. Neutral expression recognition result
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Table 3. Happiness expression recognition result

Happiness
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Table 4. Sadness expression recognition result

Sadness
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Table 5. Surprise expression recognition result
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(b) gives the highest recognition rate when seeing overall. In
case of the band of (a), each expression feature cannot being
caught completely because the band used is too few, and re-
versely for (d) and (e), if the similarity of the image between
the learning pattern and test pattern is not high enough, it is
thought not to be recognized because the band used is much.
this means we lost the robustness.

The band area of (b) and (c) are the same, the difference is
we divided more bands of (c) than (b), so the feature vector of
(c) is longer than (b). We expect more detail more accuracy,

but at the same time the noise come from the position differ-
ence of image gives a undesirable result. As a result, the band
of Figure 5(b) of section 2.2 which obtain the recognition
result with reliability most used in this paper.

4.2 Others’ expression recognition results

In this research, we want a non-limiting individual method,
S0 correct expression recognition for others is unexpected.
The result when others’ expressions are input to the neural
network which msde from a specific individual’s expression
is shown in Table 6~ Table 10. Five arbitrary people A ~ E,
each two of five expressions, were input for recognition.

Table 6. Others neutral expression recognition result
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Table 7. Others anger expression recogmtlon result
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Table 8. Others happiness expression recognition result
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Table 9. Others sadness expression recognition result

ol0]
oll]

68
011795
004104

1| oo m
0

0.00793

2|
oll]

[ Jwrongignite > real ignite

Table 10. Others surprise expression recognition result
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It is understood that a reaction value of Neutral is overall
high in each table regardless of the expression. As for this
neural network, it is guessed that Neutral will ignite when
input the feature vector which studied by other’ s expressions
to the neural network.

For person D in Table 8, the output unit of happiness gives
a highest reaction value although the input is other’s 5 expres-
sion. But the reaction value is too low to be thought igniting.

As a result, the neural network’s not ignited in others’ ex-
pressions by the same expression category to the original per-
son except Neutral expression, because the difference image
between registered and recognized one has a value almost 0.
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5. Expression selection for identification

In this research, it has aimed not to ignite in the corresponding
expression when only the expression of the person in question
that has it study to the neural network is recognized.

To examine whether to distinguish from the origional per-
son even if others are what expression, we pay attention to
the Happiness reactive value at here, the graph is made when
images (five Happiness images of the origional person and
all expression of five arbitrary people) are inputted, the result
shown in Figure 7. In this figure, the straight line in high-
est position is a reactive value of five Happiness expressions
of original person. And the five lower straight lines are five
others(A~E) reactive values when input each of five expres-
sion into the original one’s neural network.

1 2 3 4 5

1
0.9
0.8 —o—Neutral
0.7 —m—Anger
0.6
0.5 —A—Happiness
0.4 —pg-Sadness
gg ~K- Surprise
0.1 —@— Original

0

Figure 7. Comparison of person in question’s Happiness ex-
pression and others’ each expression Happiness reaction
values

It is understood that there is a difference in Happiness
reactive value between Happiness expression of person in
question and what expression of others. Through setting a
threshold value, the differentiation with person in question
and other’s expressions can be attempted. Therefore, even
if others are what expression, it is not recognized, and it is
thought that the individual can be identified with a specified
expression. At here the Happiness is selected.

6. Simulation

@Happiness BHappiness

reaction value

011121314151617181920 12345678091011121314151617181920

(a) personal ID:6 (b) personal ID:1

Figure 8. Happiness reaction value with original one’s NN

Simulation for candidate narrowing done use 20 person’s
data. Because the space is limited, we pick up the typical
two datas from all and show them in Figure 8, the vertical
axis shows the happiness reaction value, and the number of
horiziontal axis means persional ID. All the input is happi-
ness expression. Figure 8(a) use ID:6 neural network, and (b)
use ID:1’s one.

In Figure 8(a), we see only the original person’s reaction
value is larger then 0.8, also it is the Max. value, so we sure

this person’s ID is 6. But in Figure 8(b), the reaction value of
personal ID:1,3,7,10 are larger than 0.8, althought the original
person(ID:1) gets the Max. reaction value, we can not sure ex-
actly because the reaction value maybe change slightly every
time. But the reaction value of original person keeps in high
level every time is observed in our research, so set a threshold
value (fixed or dynamic), we can narrow the candidate from
amount.

7. Conclusions

In this paper, first a limiting individual expression recognition
method use 2D-DCT and neural network is developed.

And then a new approch for personal identification using
specific expression is proposed. Figure 7 shows a happiness
expression obtain a good performance.

Finally, the simulation using 20 persons is executed. From
the observation result, for a group less then 10 persons, this
method can work alone. And for a group larger than 20 per-
sons, combination with other face identification approach is
suggested. And frequency analysis method is recommended
cause the same algorithm.
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