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Abstract. Most people have their preferred impression to be seen by others.
Our face warping method can make this real. In this paper, we propose a new
technique for automatic transformation of facial impression, for example, look
more attractive or baby-face from the original. We build an impression score
function, trained by scores from human raters, and the function is used to get
displacement vectors for a given face. To preserve the facial identity as much as
possible, we constrain the facial deformation range with facial classification. In
case of real time application, such as video conference, there are frequent facial
expressions variation and position changes. Face tracker is used to cope with
this changing situation. Through our experiments, our proposed method can be
one of the promising methods for future video conference system.
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1 Introduction

People have developed many kinds of advanced digital technologies that make us
enrich all our lives. Among them, smartphone is one of the fascinating inventions.
Owing to smartphone, it becomes no surprise that more people can talk to or see others
who live in the distant whenever or wherever they are. Since nearly everyone has a
smartphone capable of handling video chats, we can enjoy a video chat or telecon-
ference easily. Consequently, we have more chances to talk to someone else
face-to-face with digital devices.

When it comes to video conferencing, most people want to look well to others.
People have their preferred impression to be seen by others regarding the situation
en-countered. For instance, we might want to be seen as trustworthy in a case such as
job interview and talking with older people. People want to be seen as an attractive
person to someone who is in their mind.

The human face conveys important information regarding not only the person’s
identity but also impressions of various personal attributes from biological ones such as
age and gender to social ones such as personality and attractiveness [12]. If the
relationship between the physical parameters representing variations in the face’s
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appearance and the impression of the corresponding images perceived by humans is
formalized in a mathematical model, the possibility of a computer capable of dealing
with perceptual or subjective information conveyed by faces could become a reality [13].

From this background, we propose a new method to transform facial impression
automatically for video chat or teleconference while maintaining identity of original
face in this work. Since we transform the impression in regard to the shape of original
face, it is possible to maintain close similarity with original face.

In Sect. 2, our transformation facial impression system framework consisting of
three stages is presented. In Sects. 3 and 4, we explain details about transformation
system and tracking and warping method for video sequence. Finally, we summarize
and conclude the chapter in Sects. 5 and 6, respectively.
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Face Tracking

Fig. 1. System flow chart

2 Overview

We showed overview of our proposed method in Fig. 1. Once we capture a person in
the frontal view through a camera, we detect the face region and extract 66 landmark
points with facial features, such as two eyebrows, two eyes, nose, lips, and boundary of
face, from it automatically. In the first stage, we use the detected frontal face image and
the landmark points as an input image to the second stage.
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Fig. 2. Detail process for automatic transformation of facial impression
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The key process in our system is an automatic transformation of facial impression
(Fig. 2) based on our database which we trained. It is composed of frontal faces and
their facial impression score that we gathered from groups of human raters. We built
facial impression score function, modeled by a support vector regressor, with the
classified data according to their facial shape. Finally, a deformed face is obtained by
optimization of the function. We can transform facial impression as the user wants in
this step, in the meanwhile our proposed algorithm can preserve the original face
identity.

Facial features are detected in images and tracked across video sequences in the last
step. According to the facial features detected through face tracker, original faces are
substituted with the deformed face in real time. Our results indicate that the proposed
method is capable of transforming facial impression and substituting the original face
in real time.

3 Impression Transform Engine

3.1 Construction Database and Extract Facial Feature

The training set is consist of 846 frontal portraits of males with neutral expression. The
impression (e.g. Attractiveness, baby-face and aggressiveness) degree of each face was
rated by 10 human raters. The average rating of a face is its impression score (on a scale
of 1 to 7). Since each rater has their own score range and deviation, we use the z-score
(Eq. 1) for score normalization which is calculated using the arithmetic mean and
standard deviation of the given data [1].

gy =" # (1)

In our work, we use constrained local model (CLM) [11] and Chehra [10] face tracker
to extract 66-landmark points (Fig. 3(a)). Since Chehra face tracker which is a good
face alignment technique does not provide feature points for the boundary of a face,
CLM is used to extract 17-landmark points for the boundary. The extracted feature
points are used to construct a Delaunay triangulation which builds meshes (Fig. 3(b)).
The triangulation consists of 166 edges, and the lengths of these edges are components
of 166-dimensional distance vector (Fig. 3(c)). The distance vector is normalized by the
square root of the face area.

Table 1. The number of data in each class

Class 1 Class 2 Class 3 Class 4 Class 5
# of data 116 173 177 187 193

Face area is a sum of the all triangles from meshes. Training samples are classified
as their facial shape in five classes by K-Means [8] classifier. Table 1 is the number of
data in each class. Classified samples reduce computation and are used to build
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Impression Score Function (Sect. 3.2). Constructing function through data which has
similar facial shape with original face makes the result images preserve the original
facial identity.
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Fig. 3. (a) Facial feature points, (b) The mashes by Delaunay Triangulation, (c) The 166-D
distance vector

3.2 Facial Impression Score Function

The image captured by user is original image as input. To seek suitable training sample
class for original image, we should select training sample class which has the smallest
Euclidean Distances between the center vector in each class and distance vector of
original data. Impression Score Estimation function is built from training sample data
consisted of selected distance vector and impression score by using Support Vector
Regression (SVR) [4].

SVR is similar to Support Vector Machine (SVM) but used for data regression.
SVR is an induction algorithm for fitting multidimensional data by using various
kernels. Suppose we have training data {(x1,v1), ..., (x;,)}, where x € R? and y € R.
In &-SV regression [1], the goal is to find a function f(x) that has at most ¢ deviation
from the actually obtained targets y; for all the training data, and at the same time is as
flat as possible. Describe the case of linear functions f{x), taking the form

fx)=<wu> +b (2)

where <-,- > denotes the dot product. Flatness in the case of (Eq. 2) means that one
seeks a small w. For small w, it is required to minimize the Euclidean norm i.e. || w ||%.
This can be written as a convex optimization problem by requiring. We use a Radial
Basis Function kernel, which is a popular kernel function used in various kernel
method learning algorithms. Model selection was performed by a grid search over the
width of the kernel o, the slack parameter C and the tube width parameter e.
Leave-One-Out Cross Validation (LOOCV) method was used to determine adequate
parameters. In the (1), u is 166-dimensional feature vectors and y is their corresponding
impression score. Therefore, we can estimate impression score with above function.
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3.3 Transformation of Facial Impression

Reduce Dimension and Constrain the Search Space with PCA. In this paper, we use
Principal Component Analysis (PCA) to reduce a dimension of distance vector from
166 to 30. x is defined as the distance vector reduced. We regularize objective function
(Eq. 3) to constrain the search space in valid human face. LP(X) (Eq. 4) define face
space by multivariate Gaussian distribution. We set o to 0.3 following experimentation.

E(x) = =f(x) — a(f(x) — LP(x)) (3)

o) =3 e o

In LP(X), ji is 30-D average vector of training sample data for selected class and Xj; is
eigen-value obtained by PCA.

Modified Distance Vector. We use Powell’s method [2] to seek modified distance
vector. Powell’s method is a proper optimization for problem where the optimal
solution is close to the starting point. Since Modified distance vector should be near to
original one to maintain close similarity with original, Powell’s method is suitable one.
Modified distance vector is obtained by minimizing objective function (Eq. 3) which is
based on the impression score function. Original distance vector is staring point in
optimization.

F&) > f(x) (5)

Modified distance vector should satisfy the condition (5). This means that modified
data has higher score than original one.

Adjust Landmark Points as Modified Distance Vector. To transform the facial
impression, landmark points should be placed to new landmark position according to
the modified distance vector. New landmark points can be obtained by minimizing
Eq. 6. This minimizing reduces the differences between the lengths of these edges and
their corresponding modified distances. The Levenberg-Marquardt [5, 6] algorithm is
used to perform this minimization.

D(qr, - qie6) = > (Il g — g I ~d;)? (6)

The variable g; and g; are target landmark point and d; is distance corresponded to
¢; and g;. We can obtain optimal landmark positions by considering global error.

Post-processing. To reduce distortion of deformed face with forehead and background,
modified landmark points of face boundary is replaced original one. The modified
landmark points {g;} should translate to the position of the original face. The reason is
that it makes deformed face align in the background of the video. Post-processing can
cause a decrease in target impression score, but it is necessary to realistic result image.
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4 Face Tracking and Warping

We should replace original face image to deformed one in real time. For this, we detect
face landmark points with Chehra Face Tracker and CLM in real time, and then add the
moving amount to deformed landmark points to track the moving face.

We have the set of the original face landmark points {p;}, which extracted on initial
frame, and the set of the deformed one {g;} in initial image position. The set of
difference {diff;} is acquired by subtracting from the set of original face landmark
points {p;} to the set of moving original face one {p’;} (Eq. 7). The set of moving
deformed face landmark points {¢;} is updated in every moment by sum of {¢;} and

{diff;} (Eq. 8).
diff; = pi — p'; (7)
q': = qi + diff; (8)

According to the {p';} and {q';}, we perform texture warping with the triangle
mash which is a result of Delaunay triangulation. The texture images for warping are
obtained from each frame to handle the problems of illumination and expression.

5 Experiment

We have implemented application for our system. The application automatically
detects facial feature in video sequence image. The user looks camera straight with
neutral expression and captures frontal image. Next, the application computes for
transformation of the facial impression and displays the transformed image. The
application track the face and the original face on the video is substituted with
deformed faces in real time. Currently, our training sample images are only for Asian

(b)

Fig. 4. Transformation of facial impression example. (a) original image [14]. (b) deformed
image (look much younger)
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male. We have deformed face which is not included in training samples to enhance
baby-face and transform Fig. 4(a) to (b) based on the training data. The difference
between original face and deformed face are subtle on the eyes, nose and lips but this
subtle changes have impact on the facial impression (Fig. 5).

: L
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Fig. 5. The results for transformation of facial impression video sequence images. Top two lines
are original images and bottom two lines are deformed images to enhance baby-face. Asian male
original and deformed face video sequence images [14].

6 Conclusion

In this paper, we propose a new system for automatic transformation of facial
impression in real-time. Since we use trained dataset which is classified as their facial
shape, the deformed face is close to original face. Since our database is composed of
images of Asian male only, so we need to gather additional datasets, such as images for
female and other races. In the future, we will gather more review scores for various
kinds of impression for more wide use. And besides, we have to come up with a more
sophisticated and objective method for evaluating impression than the current one
based on human evaluators.
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