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ABSTRACT

Facial expression recognition plays a vital role in real-
izing a highly intelligent human-machine interface, and
has recently attracted much attention. In this paper,
we propose a new facial expression recognition method
that utilizes the 2-D DCT, k-means algorithm and vec-
tor matching. This technique is based on two main intu-
itive ideas: (i) complicated facial expression categories
such as “anger” and “sadness”, may be divided into
several subcategories with different sub feature spaces
where the recognition task can be performed with higher
accuracy, and (ii) the k-means algorithm may be used to
cluster these subcategories. A new image database with
five facial expressions (neutral, smile, anger, sadness,
surprise) of 60 women was constructed using a compu-
tationally efficient projection-based technique. Experi-
mental results using the new database and an existing
one (60 men) reveal that the new technique outperforms
the standard vector matching technique and two re-
cently developed methods using fixed-size and construc-
tive one-hidden-layer neural networks. The mean recog-
nition rate can be as high as 95% for the two databases.

1. INTRODUCTION

Recently, much attention has been paid to the computer-
based recognition of facial expressions. The ultimate
goal of facial expression recognition (FER) has been
the realization of intelligent and transparent communi-
cations between humans and machines. So far, several
FER methods have been proposed. See for examples,
[1]-[4] and the references therein.

In the well-known facial action coding system (FACS)
designated by Ekman [1] for facial expression descrip-
tion, the face is divided into 44 action units (AUs), such
as nose, mouth, eyes, etc. The movement of muscles of
these feature-bearing AUs are used to describe any hu-
man facial expression. The drawback of this method is
that it requires 3-dimensional measurements and may
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thus be too complex for real-time processing. To al-
leviate this problem, a modified FACS using only 17
important AUs was proposed in [2] for facial expression
analysis and synthesis. However, 3-dimensional mea-
surements are still needed. The complexity of the above
modified FACS is reduced when compared with the orig-
inal FACS, but some information useful for facial ex-
pression recognition may be lost. In recent years, facial
expression recognition based on 2-dimensional digital
images has been one of the focuses of research. In paper
[3], a radial basis function (RBF) neural network (NN)
is proposed to recognize human facial expressions. The
2-dimensional discrete cosine transform (2-D DCT) is
used to compress the entire face image and the result-
ing lower-frequency 2-D DCT coefficients are used to
train a one-hidden-layer NN in [4].

Neural network-based recognition methods have been
found particularly promising [3, 4], since NNs can eas-
ily implement complex mapping from the feature space
of face images to the facial expression space. However,
finding a proper network size has always been a frus-
trating and discouraging experience for NN developers.
This is dealt with by a long and costly trial-and-error
recursions. Motivated by these limitations and draw-
backs, we have recently proposed to use constructive
NNs [5, 6], whose recognition rates of 100% and 93.75%
(without rejection), for the training and testing images,
respectively have been obtained. Constructive NNs are
capable of systematically determining the proper net-
work size required by the complexity of the given prob-
lem, while reducing considerably the computational cost
involved in network training when compared with the
standard BP-based training techniques [4]-[7].

In all the above 2-D image based FER methods, the
confusion matrices reveal that (i) expressions “smile”
(smi) and “surprise” (sur) are relatively easier to rec-
ognize and are seldom confused with other expressions,
and (i) “anger” (ang) and “sadness” (sad) are very of-
ten confused, which lowers the overall recognition rate.
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Obviously, to improve the recognition performance, one
needs to take measures to mitigate the confusion be-
tween “ang” and “sad”. Through detailed investiga-
tions of the characteristics of each expression in the
frequency domain, we have discovered that “ang” and
“sad” seem to have more than one distinct subgroups
that may need to be treated as individual subcategories.
It is this insight that has motivated us to propose the
new technique which uses the cost-efficient k-means al-
gorithm to identify the subcategories of each expression
and the vector matching scheme to perform the recogni-
tion task. Experiments using two facial image databases
demonstrate that the proposed technique outperforms
all the above-mentioned recognition methods while yield-
ing attractive computational efficiency.

2. THE PROPOSED RECOGNITION
TECHNIQUE

Before introducing the new technique, we show a set of
sample facial expression images (size: 128 x 128). These
front images have 5 expression categories with four of
them (“smile”, “anger”, “sadness”, and “surprise”) be-
ing the subject of the recognition problem. More details
will be given in the next section regarding the databases
used in the experiments.

Neutral Smile

Sadness Surprise

Fig. 1 Sample images from the database used.

The proposed technique is divided into two phases:
training and testing, which are described separately be-
low.

(A) Training
The training process consists of the following elements:

E1 Difference images

The features of facial images used in recognition must
not be influenced by the appearance of any individual
human. Therefore, preprocessing of the face images
is needed in order to extract some information that
is required by the recognition task and shared by all

the expression images of the same category. One may
make difference images by subtracting the neutral im-
ages from the expression images. The difference images
are then expected to have much less to do with the ap-
pearance of the human whose facial expressions are the
subject of recognition.

E2 Data compression using 2-D DCT

Obviously, it is very difficult for the classifier to rec-
ognize the facial expression from the difference images,
as a difference image still has a large number of data.
To facilitate the recognition, we need to compress the
difference image for reducing the number of data in a
proper way, without losing the key features that play
important role in the recognition task. The 2-D DCT
used frequently in image compression is a powerful tool
for this purpose. The 2-D DCT can reduce the number
of data significantly by transforming an image into the
frequency domain where the lower frequencies present
relatively large magnitudes while the higher frequencies
indicate much smaller magnitudes. That is to say, the
higher frequency components can be ignored without
damaging the key characteristics of the original differ-
ence image, as far as the facial expression recognition is
concerned. The 2-D DCT coefficients of a square with
size L1 x Lo of the lower frequencies (Fig.2) hold much
of the information on the facial expressions, and are
arranged as a vector for training or testing purposes.

N=128

—_— L1

N=128 |15

Fig. 2 2-D DCT coefficients of lower frequencies.

E3 Subgroup search using k-means algorithm

As mentioned before, the expressions “ang” and “sad”
have many distinct subgroups (clusters), and the recog-
nition rates for these two expressions may be improved if
one treats them individually, instead of combining them
into a single (global) group. To this end, one needs to
use a tool to specify the members of each subgroup.
In this work, the basic k-means algorithm is used for
this purpose. In each search, the initial vectors (cen-
troids) for each subgroup are randomly selected from
the training vectors, and the nearest-neighbor (mini-
mum distance) rule is utilized in classifying the group
members. For a user-specified number of subgroups, a
number of independent search runs are performed, and
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the outcome of a run with minimum summed distance is
taken as the search result. The number of independent
search runs is set large enough such that the outcome re-
mains unchanged. Because the dimension of each train-
ing vector is small, the k-means algorithm converges
very fast. The centroids for all the subgroups are re-
garded as the standard vectors for recognition. As will
be seen from the experimental results in the next sec-
tion, a single group seems enough for expressions “smi”
and “sur”.

E4 Two-step recognition process

Once the standard vector(s) for each expression are ob-
tained, the recognition is performed based on vector
matching. The expression represented by the standard
vector which indicates minimum distance to the vector
being recognized is regarded as the outcome of recogni-
tion. Concretely, the recognition of an expression image
is divided into the following two unique steps in order
to reduce the computational cost.

Step 1: The vector to be recognized is handled in a
feature space where each of the 4 expression cate-
gories has only one standard vector. If the vector
is classified as “smi” or “sur”, then the recogni-
tion is achieved. If this is not the case, then go to
step 2.

Step 2: The vector is handled in another feature space
where there are only two expression categories:
“ang” and “sad”, and there are multiple standard
vectors corresponding to the subgroups of each
category. The classification result is regarded as
the final outcome of the recognition.

(B) Testing

After the training is completed, a different portion of the
facial expression images is used to test the performance
of the trained standard vectors.

3. EXPERIMENTAL RESULTS

3.1. A new database

In this work, a new database is constructed using an ef-
ficient projection-based procedure. The database con-
sists of images of 60 women, with each having 5 ex-
pression images, i.e., neutral, smile, anger, sadness, and
surprise. This is similar to the database we used in our
previous work [4, 5, 6].

A digital camera is used to take frontal images of
each person. The images are incorporated into the com-
puter where they are converted into gray images of size
168 x 168. An image is first divided into top half and
bottom half blocks with equal size (84 x 168). The top
block is further divided into two sub-blocks from the
vertical middle, each having a size 84 x 84. Then, hori-
zontal and vertical projections (i.e., summations of the

Projection summation

Projection summation

gray-level values of the pixels on the same horizontal or
vertical line) for the top two sub-blocks are performed.
The minimum points of the projection curves will be the
candidates for the eye positions. To get stable results,
the DFT is used to smooth the curves (only 8 DFT
coefficients are used in the IDFT). A set of projection
curves is given in Fig. 3, as an example. Clearly, the eye
positions are correctly detected and determined. Next,
the mouth is detected using similar projections applied
to the bottom block. To obtain reliable mouth posi-
tions, compensation of white teeth is introduced before
the projections are performed, by setting a proper em-
pirical threshold such that the white teeth are detected
and blackened. Based on the eye and mouth positions
detected, the image is rotated and scaled if needed, and
finally an image of size 128 x 128 is produced. The image
samples shown in Fig.1 belong to this new database.
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Fig. 3 Projection curves for eye position detection, solid
line: original, broken line: smoothed.

3.2. Experimental results

First, the testing recognition rates of the 4 expressions
corresponding to the new database are shown in Fig.
4 with respect to the number of groups of “ang” and
“sad”, for both training (40 samples) and testing (20
samples). In all the experimental results shown in this
work, the block size is set to L1 = Lo = 8, which
has been found suitable for the k-means algorithm to
work effectively. It is obvious that the recognition rates
for “ang” and “sad” increase at the beginning as the
number of groups increases, and then become nearly
saturated when the number of groups are above some
threshold. If the number of groups for “ang” and “sad”
is set to 10, the mean testing recognition rate is 95%,
while the corresponding result using only a single group
is 85%. The corresponding confusion matrix for testing
is now provided in Table 1. Clearly, using more groups
can mitigate the confusion between “ang” and “sad”.
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Tab 1 Confusion matrix of testing with 10 groups.

| exp || smi | ang | sad | sur |

smi || 20 0 0 0
ang 0 19 0 1
sad 0 0 18 2
sur 1 0 0 19

Tab 2 Comparison of mean recognition rates ( (a):

men’s database, (b):women’s database).

method training testing
rate (%) | rate (%)
vector matching (a) 86.9 85.0
fixed-size NN [4] (a) 100.0 89.7
constructive NN [5] (a) 99.4 93.8
proposed technique (a) 94.4 93.8
vector matching (b) 86.9 85.0
proposed technique (b) 93.8 95.0
proposed technique (a+b) 95.9 95.6

Similar results are obtained for the men’s database as
described in [4, 5, 6].

In the next set of simulations we select 80 samples
for training which consisted of 40 samples from men’s
database and 40 samples from women’s database. The
remaining 40 samples of the two databases are used as
testing samples. The mean recognition rates for train-
ing and testing are plotted in Fig. 5 with respect to
the number of groups of “ang” and “sad”. It can be
seen from Fig. 5 that the recognition rates improve as
the number of groups increases. When the number of
groups is set to 25, the best testing mean recognition
rate of 95.6% is achieved, which is the best result that
we have ever obtained.

To summarize, the testing recognition rates obtained
by our proposed technique have been improved as com-
pared to all the previous results published in the liter-
ature using simple vector matching, fixed-size NN, and
the constructive one-hidden-layer NN [4, 5, 6]. Compar-
isons of mean recognition rates for the previous methods
and the proposed technique is given in Table 2.

4. CONCLUSIONS

In this work, a new FER technique is proposed which
is based on two intuitive ideas obtained from extensive
analyses of facial expression characteristics. In addi-
tion to being computationally efficient, the new tech-
nique that utilizes the 2-D DCT and the k-means al-
gorithm works surprisingly well. Extensive experiments
have been conducted to demonstrate the superior effec-
tiveness of the new method. Combining our new tech-
nique with a proper NN structure is a topic for future
research.
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